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Abstract: Reducing food intake in lower animals such as the rat decreases body weight,
retards many aging processes, delays the onset of most diseases of old age, and prolongs life.
A number of clinical trials of food restriction in healthy adult human subjects running over
2-15 years show significant reductions in body weight, blood cholesterol, blood glucose, and
blood pressure, which are risk factors for the development of cardiovascular disease and
diabetes. Lifestyle interventions that lower energy balance by reducing body weight such as
physical exercise can also delay the development of diabetes and cardiovascular disease. In
general, clinical trials are suggesting that diets high in calories or fat along with overweight
are associated with increased risk for cardiovascular disease, type 2 diabetes, some cancers,
and dementia. There is a growing literature indicating that specific dietary constituents are
able to influence the development of age-related diseases, including certain fats (trans fatty
acids, saturated, and polyunsaturated fats) and cholesterol for cardiovascular disease, glycemic
index and fiber for diabetes, fruits and vegetables for cardiovascular disease, and calcium and
vitamin D for osteoporosis and bone fracture. In addition, there are dietary compounds from
different functional foods, herbs, and neutraceuticals such as ginseng, nuts, grains, and
polyphenols that may affect the development of age-related diseases. Long-term prospective
clinical trials will be needed to confirm these diet—disease relationships. On the basis of current
research, the best diet to delay age-related disease onset is one low in calories and saturated
fat and high in wholegrain cereals, legumes, fruits and vegetables, and which maintains a lean
body weight. Such a diet should become a key component of healthy aging, delaying age-
related diseases and perhaps intervening in the aging process itself. Furthermore, there are
studies suggesting that nutrition in childhood and even in the fetus may influence the later
development of aging diseases and lifespan.
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Food intake, longevity, and development of age-

related diseases

Due to the increased incidence with advancing age of chronic conditions, such as
coronary heart disease, cancers, diabetes, and dementia, there is a need to develop
primary preventive interventions to prolong the period of healthy life (Kirkland 2002;
Mehr and Tatum 2002; Report of a Joint WHO/FAO Expert Consultation 2003; Eyre
et al 2004; Topp et al 2004; Tse and Benzie 2004; Yamori 2004). Diet has a substantial
influence on health and aging. Food intake modifies the development of age-related
diseases (Weindruch and Walford 1988; Bronson and Lipman 1991; Turturro et al
1994; Masoro 2002c; Heilbronn and Ravussin 2003; Mattson and Wan 2005). The
amount of food consumed has a major and well established impact, with food
restriction delaying many age-related diseases and obesity predisposing to them. In
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addition, there is emerging evidence to support the
association of exposure to specific food types with the
development of some age-related diseases. Due to the
relatively long “lag time” of effect of risk factors for age-
related diseases, humans can benefit from modification of
their unhealthy dietary practices of overeating and
consuming unhealthy foods, along with increased physical
activity which utilizes the excess food before the onset of
disease (Report of a Joint WHO/FAO Expert Consultation
2003).

Food restriction in the rat

Food restriction was first clearly shown to prolong life in
the rat 70 years ago (McCay et al 1935). This is a robust
effect repeatedly confirmed in many laboratories, and overall
calorie restriction (CR) increases the maximum lifespan by
20%—-40%. Later studies found that long-term food
restriction in the rat retarded most aging processes
(Weindruch and Sohal 1997; Masoro 2002a; Koubova and
Guarente 2003) and delayed the onset of the major age-
related diseases (Berg and Simms 1960; Berg and Simms
1965; Roe et al 1995; Bronson and Lipman 1991; Turturro
et al 1994; Masoro 2002c). The onset of a wide spectrum of
diseases is delayed including neoplasms, degenerative
diseases, and autoimmune diseases. Reduced energy intake,
that is calorie restriction (CR), is believed to be the basis of
the anti-aging effect in the rat and lower animals, because
the life-extending effect of CR is the same regardless of the
composition of the diet (Masoro 2002b). CR refers to a
reduced calorie intake without malnutrition. According to
Masoro (2002b), other dietary factors have only minor roles
in determining lifespan in the rodent. There are studies in
the rat reporting the effects of dietary constituents such as
protein on the development of specific diseases, for example,
kidney disease (Mattson et al 2005). The earlier studies of
Masoro and colleagues (1989) showed that CR is more
effective than protein restriction in retarding the age-
associated progression of nephropathy in the rat. Further,
there are studies in the rat showing that reducing the
methionine content of the diet without reducing calories will
prolong life by mechanisms not involving energy restriction
(Zimmerman et al 2003). At the molecular level, CR is
believed to reduce the generation of reactive oxygen species
(ROS) in mitochondria during the metabolism of food,
leading to tissue damage (Sastre et al 2003; Merry 2004).
In this way, CR plays a major role in delaying the onset of
age-related diseases (Harman 1956, 1988; Meydani 2001;

Polidori 2003). Similarly, antioxidants in foods, especially
fruit and vegetable diets, may counter the oxidative damage
in tissues.

Food restriction in humans

There are no life-long prospective food-restriction studies
in humans. Two human studies in healthy adults have clearly
shown that reducing the intake of calories by about 20% in
nutritionally adequate diets over periods of 2 years (Walford
etal 2002) and 3—15 years (Fontana et al 2004) lowers body
weight, blood pressure, body fat, blood cholesterol, blood
triglycerides, blood glucose, and blood insulin. These 2 CR
studies demonstrated significant reductions in the risk factors
for cardiovascular disease and diabetes. In human studies
carotid artery intima-media thickness, a measure of
atherosclerotic development, was markedly reduced by CR
(Fontana et al 2004). The benefits of food restriction in
reducing cardiovascular disease have been known since the
Second World War (Strom and Jensen 1951). Similar
changes in these risk factors are seen in a close human
relative: the rhesus monkey, which has been maintained on
30% CR over 12 years in studies conducted at the National
Institute of Aging in Baltimore (Lane et al 1999). These
human CR studies, like the rhesus monkey research, clearly
show that long-term reductions in food intake lower body
weight and reduce the risk of cardiovascular disease and
diabetes, which should delay their onset.

There is an optimal energy intake for the slowest
development of age-related diseases and hence the lowest
all-cause mortality. The balance between energy intake and
energy expenditure in physical activity is shown in body
weight and body mass index (BMI). In a study over 36 years
of 1915 healthy non-smoking Japanese-American men
living in Hawaii, the lowest all-cause mortality was found
in those whose original energy intake was 15% below the
average (Willcox et al 2004). The BMI in the longest-lived
group was 24kg/m?, which is close to the BMI of those
with the lowest mortality in a prospective study of 1 million
non-smoking American adults (Calle et al 1999). However,
another prospective study over 10 years in middle-aged men
and women indicates that adults should maintain a BMI
between 18.5 and 21.9kg/m? to minimize their risk of
common chronic diseases (Field et al 2002). In the two 20%
CR trials running for 2—15 years (Walford et al 2002;
Fontana et al 2004), so as to reduce the risk factors for
cardiovascular disease and diabetes, BMI fell to about
19kg/m?, but the effect on longevity as yet is unknown. A
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recent study showed that underweight (BMI<18.5kg/m?)
in non-smokers as in smokers is associated with significantly
increased mortality (Flegal et al 2005).

Overweight and obesity

The prevalence of overweight and obesity is increasing in
virtually all populations and age groups of the world (Eckel
et al 2004). The per capita food consumption in
industrialized countries increased from 2947 kcalories per
day in 1964-1966 to 3380 in 1997-1999 (Report of a Joint
WHO/FAO Expert Consultation 2003). Overweight and
obesity are due to sedentary lifestyles plus high intake of
energy-dense foods (fat and sugar) with a low intake of
micronutrient-rich foods (fruit, vegetables, high-grain
cereals). This epidemic of overweight and obesity is
expected to accelerate the onset of age-related diseases
(Must et al 1999; Field et al 2002; Cameron et al 2003;
Eckel et al 2004), and by the middle of the 21st century will
halt, and possibly reverse, the rise in life expectancy seen
during the 20th century (Olshansky et al 2005). Obesity
increases the risk of type 2 diabetes, hypertension, coronary
heart disease, stroke, and cancers of the esophagus,
endometrium, breast, prostate, kidney, and colon (Bray
1996; Must et al 1999; Field et al 2002; TARC 2002;
Cameron et al 2003; Report of a Joint WHO/FAO Expert
Consultation 2003). The increasing prevalence of over-
weight in children and the appearance of cardiovascular risk
factors early in life raises the likelihood of premature
development of age-related diseases in the future (Hassink
2003; Remsberg and Siervogel 2003; Wiegman et al 2003;
Nesbitt et al 2004). Epidemiological studies are suggesting
that poor fetal nutrition and growth resulting in low birth
weight may be related to faster aging (Sayer et al 1998) and
to the early development of heart disease and type 2 diabetes
in adult life (Barker 1995; Robinson 2001).

Analysis of data from the Framingham study indicates
that in non-smokers, life expectancy at age 40 is decreased
by 3 years for the overweight (BMI of 25-30kg/m?), and
by 7 years for an obese man or woman (BMI of >30kg/m?)
(Peeters et al 2003). The life-shortening effect of smoking
is similar to that of obesity. At age 40 years the combined
effect of smoking and obesity leads to a loss of 13—14 years
(Peeters et al 2003). In a prospective study of 48287 men
and women in the Netherlands, the all-cause mortality was
increased in obese men (BMI >30kg/m?) and underweight
men (BMI <18.5kg/m?), but not in women (Seidel et al
1996). The increased mortality in obese men was mainly

attributable to coronary heart disease and in underweight
men to lung cancer in smokers (Seidel et al 1996). In the
Physicians Health Study of 85078 men aged 40—84 years
followed up for 5 years, the all-cause and cardiovascular
mortality was directly related to BMI (Ajani et al 2004).
Among non-smokers there was a linear relation between all
cause mortality and BMI; lean men (BMI<20kg/m?) did
not have excess mortality, although this was not confirmed
in another study (Flegal et al 2005). The Report of a Joint
WHO/FAO Expert Consultation (2003) recommends that
to prevent diet-related disease, BMI needs to be maintained
in the normal range of 18.5-24.9kg/m’ to avoid a weight
gain of greater than 5 kg during adult life. The risk of weight
gain and obesity is reduced by regular physical activity plus
high dietary intake of non-starch polysaccharides, including
fiber, wholegrain cereals, legumes, fruits, and vegetables
(Report of a Joint WHO/FAO Expert Consultation 2003).

Energy intake versus dietary
composition

It is known that reducing energy intake will lower risk factors
for cardiovascular disease and type 2 diabetes and should
thereby delay their onset. Long-term studies in the rat
indicate that it is almost entirely energy intake that
determines the development of age-related disease and sets
the lifespan (Masoro et al 1989; Masoro 2002b). However,
in humans there are many studies showing that the
development of certain diseases is influenced by dietary
components such as saturated fats (Weisburger 2002; Tucker
et al 2005), glycemic index (Ludwig 2002; Brand-Miller
2004; Pereira et al 2004), salt (Sacks et al 2001; Weir 2004),
calcium (Kulak and Bilezikian 1998; Kanis 1999), folate
(Connor 2004; Strain et al 2004; Tavani et al 2004), vitamins
(Fairfield and Fletcher 2002; Polidori 2003; Strain et al
2004), micronutrients (Polidori 2003; Johnson 2004), fiber
(Cummings et al 2004; Pereira et al 2004), nuts (Fraser 1999;
Jenkins et al 2002), meat (Singh et al 2003), fish (Nakamura
etal 2005), and fruits and vegetables (Hung et al 2004; Lock
et al 2005; Tucker et al 2005). Vegetarians are reported to
have a lower risk of dying from ischemic heart disease (Key
et al 1998) and have a reduced all-cause mortality
(Genkinger et al 2004). A hypothetical polymeal (a mix of
wine, fish, dark chocolate, fruits, vegetables, garlic, and
almonds) has been proposed to reduce cardiovascular
disease by more than 75% and increase life expectancy by
5 years (Franco et al 2004).
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Delaying cardiovascular disease
During the second half of the 20th century, changes in diet
and lifestyle have led to the rise in cardiovascular and other
noncommunicable diseases, which have become the leading
causes of death and morbidity. Cardiovascular diseases
(CVD), principally cerebrovascular accidents and coronary
heart disease (CHD), account for approximately 30% of
mortality in the world (Srinath Reddy and Katan 2004). Risk
factors for developing CVD, such as diabetes and smoking,
are well known. However, the Framingham study identified
old age as the biggest risk factor for developing CVD
(Grundy et al 1999).

Obesity and calorie restriction

As discussed earlier, animal and human studies have shown
that obesity adversely affects many risk factors for CVD
and contributes to an increased rate of CVD and to a reduced
life expectancy (Nicholls and Viner 2005). Reducing calorie
intake in obese humans improves risk factors for CVD and
cardiovascular events (Eckel et al 2005). Based on this, many
public health campaigns throughout the Western world focus
on reducing calorie intake to minimize CVD (Anderson
2005). In addition, surgery designed to alter the
gastrointestinal tract and reduce calorie intake or absorption
improves multiple CVD risk factors (Fobi et al 2005).

Cholesterol and fatty acids

Diets with a high intake of cholesterol and fatty acids
adversely effect lipid profile and are associated with an
increased risk of CVD (Grundy and Vega 1988; Mensink
and Katan 1992; Katan et al 1995). Trans fatty acids render
the lipid profile even more atherogenic than saturated fatty
acids. An abnormal lipid profile, for example, one with
increased levels of low-density lipoprotein (LDL)
cholesterol, accelerates the progression of atherosclerotic
plaques and CVD (Fulcher et al 2004). Contrastingly, diets
that restrict cholesterol and trans fatty acid intake have been
shown to reduce CVD in human and animal studies
(Chahoud et al 2004). The American Heart Association
guidelines advocate a population-wide limitation of
saturated fat to <10% of caloric consumption and a
cholesterol intake of less than 300 mg/day to reduce the risk
of CVD (Nicolosi et al 2001).

Alcohol

Epidemiological studies have consistently shown that
alcohol intake has a bi-modal dose-related relationship to

CVD. An alcohol intake of one to four standard units per
day correlates with a lower rate of cardiovascular events
than zero intake (Simons et al 2000; Mukamal et al 2003).
However, consumption of over six units of alcohol per day
increases CVD-related mortality. Mechanisms proposed for
the association of mild to moderate alcohol consumption
with reduced atherogenesis include beneficial effects on
lipoprotein metabolism, homeostasis, insulin sensitivity, and
reduced aortic stiffness and inflammatory processes (da Luz
and Coimbra 2004).

Dietary antioxidants

Antioxidants have been implicated in the prevention of
atherosclerosis. In animals, antioxidants have been shown
to improve lipid profile, reduce blood pressure, and reduce
the rate of progression of atherosclerotic plaques (Wojcicki
et al 1991). Epidemiological studies in humans have also
shown that a high intake of fruit and vegetables, which
contain a large variety and volume of antioxidants, is
associated with a reduced risk of CVD (Gaziano 2004).
Conversely, low plasma levels of antioxidants, including
vitamins C and E, correlate with an increased CVD risk.
Therefore, many guidelines, including those of the American
Heart Association, recommend high intake of fruit and
vegetables to prevent CVD (Krauss et al 2000; Kris-Etherton
et al 2004).

Isoflavanes, flavonoids, and polyphenols are specific
antioxidants that are associated with reduced risk of CVD.
Dietary isoflavanes have been associated with an
improvement in lipid profile (Lichtenstein 1998). Inverse
relationships between dietary flavonoid and polyphenol
intakes and CHD risk have also been reported (Hertog et al
1993; Manach et al 2005). An intake of 100 g/day of dark
chocolate, which contains cocoa polyphenols, has been
shown to reduce blood pressure in humans (Taubert et al
2003). The favorable effects of garlic, lethicin, and
curcumin-containing foods on lipid profile has been
attributed to the antioxidants in these foods (Ackermann et
al 2001; Nicholosi et al 2001; Miquel et al 2002; Blomhof
2005).

Despite strong observational evidence associating a low
antioxidant intake with CVD, interventional studies with
single antioxidants overall have not demonstrated efficacy.
Several studies have shown that vitamin E supplements do
not alter the risk of cardiovascular events (Blomhoff 2005).
Even so, this does not exclude a role for antioxidants in
preventing CVD, and it has been suggested that a cocktail
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of dietary antioxidants and other nutrients is required to
reduce CVD risk (Srinath Reddy and Katan 2004).

Plant fibers, fats, and proteins

Epidemiological studies have consistently identified an
association between a high dietary intake of fiber, reduced
blood pressure and LDL cholesterol, and reduced incidence
of CVD (Bazzano et al 2003; Lupton and Turner 2003;
Streppel 2005). Other foods such as mono- and
polyunsaturated fats, brans, nuts, plant sterols, and soy
proteins have all been shown to have a favorable effect on
lipid profile and blood pressure (Jensen et al 2004; Srinath
Reddy and Katan 2004). Consequently, the US Food and
Drug Administration (FDA) allows foods containing viscous
fibers, soy protein, plant sterols, and nuts to carry a health
claim that they reduce the risk of CVD (Jenkins et al 2005).

Fish

People with a high intake of dietary fish have a low rate of
CVD ( Kromhout et al 1985; Daviglus et al 1997). This has
been attributed to the omega-3 (n-3) fatty acids in fish. In
humans, fish oil supplements have favorable effects on lipid
profile and blood pressure (Durrington et al 2001; Dyerberg
et al 2004) and so reduce risk factors for CVD.

Vitamins and minerals
Raised homocysteine is a risk factor for the development of
CVD and osteoporotic fractures (Sato et al 2005). It can be
lowered with folic acid supplements. There is an inverse
relationship between folate intake and CVD risk (Bazzano
et al 2002a). Vitamin B6 also assists in homocysteine
metabolism and a recent study suggests that vitamin B6
intake may protect against CVD (De Caterina et al 2004).
While restricting sodium intake reduces blood pressure
in hypertensive patients, the role of salt restriction in
preventing hypertension in the normotensive population
remains controversial (Graudal et al 1998; Sacks et al 2001;
Mitka 2004). Studies have also shown an inverse relationship
between magnesium intake and CVD (Tang et al 2003;
Al-Delaimy et al 2004). Potassium supplements have been
shown to reduce blood pressure in normotensive subjects
(Whelton et al 1997) and reduce the risk of stroke (Ascherio
et al 1998).

Combinations of foods
While many individual foods have been shown to reduce
the risk factors for CVD, it is important to establish the effect

of'a combination of these foods. A combination diet high in
plant sterols, soy proteins, almonds, and viscous fibers has
been shown to have a similar effect on lipid profile and C-
reactive protein to a 3-hydroxy-3-methyl glutaryl coenzyme
A (HMG CoA) reductase inhibitor (Jenkins et al 2003, 2005)
and to lower the level of small dense LDL (Lamarche et al
2004). The Dietary Approaches to Stop Hypertension
(DASH) trial reported that a diet that is rich in fruit,
vegetables, and low in fat dairy foods significantly lowered
systolic blood pressure in patients with isolated systolic
hypertension (Moore et al 2001). The combined effect of
the DASH diet plus three other lifestyle changes (weight
loss, increased physical activity, and reduced sodium intake)
produced a greater reduction in blood pressure than the three
lifestyle measures alone (McGuire et al 2004). As described
previously, a hypothetical polymeal consisting of a mix of
wine, fish, dark chocolate, fruits, vegetables, garlic, and
almonds has been proposed to reduce CVD (Franco et al
2004).

Conclusion

In conclusion, epidemiological studies consistently
demonstrate that the intake of specific foods is associated
with CVD risk. The Report of a Joint WHO/ FAO Expert
Consultation (2003) states that there is convincing evidence
that the risk of developing cardiovascular diseases is reduced
by linoleic acid, fish and fish oils, vegetables and fruits,
potassium, and low to moderate alcohol intake plus regular
physical activity. Interventional studies show that intake of
specific foods can improve conventional risk factors for
CVD such as abnormal lipid profiles and hypertension.
However, a reduction in blood pressure or cholesterol with
certain foods does not prove that these foods are associated
with a reduction in CVD. If foods are shown to reduce
cardiovascular end points effectively this could reduce the
huge cost of preventing and treating CVD. Additionally,
dietary interventions to prevent CVD could reduce drug use
and lower the risk of drug-induced side effects, which are
relatively common and make a significant contribution to
morbidity and mortality, especially in the older population
(Le Couteur et al 2004).

Prevention of type 2 diabetes

Type 2 diabetes is the most common metabolic disease in
the world and the leading cause of blindness and end-stage
renal disease. It is rapidly becoming a global pandemic,
projected to afflict one in 20 people by the year 2025,
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secondary to population aging and obesity (Alberti et al
2004).

Lifestyle interventions of diet and

exercise

Although the primary cause of the disease is still unknown,
randomized controlled trials have unequivocally proven that
preventing type 2 diabetes is possible (Pan et al 1997;
Tuomilehto et al 2001; Diabetes Prevention Program 2002).
Both the American Diabetes Prevention Program (2002) and
the Finnish Diabetes Prevention Trial (Tuomilehto et al
2001) showed that lifestyle intervention reduced or delayed
the risk of diabetes by ~60% over a 3-year period in people
at higher risk (ie, they had impaired glucose tolerance [IGT]).
Both interventions were intensive lifestyle modifications,
with goals of >7% loss of body weight and 150 minutes of
physical activity per week. Both emphasized restriction of
energy, lower fat intake, and higher fiber intake. Not
everyone reached their goals, of course, but significantly,
diabetes did not develop in any high-risk participant who
managed to achieve them. Despite its intensive nature,
lifestyle intervention was also cost-effective relative to usual
care and 2 times more cost-effective than one of the cheaper
drugs (Diabetes Prevention Program 2003).

These trials cannot tell us whether weight loss per se,
energy restriction, or physical activity was more important,
or whether they act synergistically. Similarly, they do not
determine whether the composition of the diet is relevant.
While new studies will be needed to answer these questions,
prospective, large-scale observational studies (“natural
experiments”) offer valuable insights. The first is that
although BMI and physical activity are independent
predictors of incident diabetes and mortality, the magnitude
of the association with BMI is much greater than with
physical activity (Hu et al 2004). In a recent study, being
overweight increased the risk of developing type 2 diabetes
within 7 years by 3 times, being obese by 12 times. But
being obese but active still increased the risk by 11.5 times
(Weinstein 2004). In other words, fitness alone is not
sufficient to prevent diabetes.

Dietary composition

While intervention studies in diabetes prevention have
universally employed conventional high carbohydrate, high
fiber diets, we do not know if any reduced-energy diet would
suffice. The epidemiological literature provides little
evidence that total carbohydrate intake is associated with

the development of type 2 diabetes (Lundgren et al 1989;
Colditz et al 1992; Salmeron, Ascherio, et al 1997; Salmeron,
Manson, et al 1997), although the Melbourne Collaborative
Health Study found that higher carbohydrate intake was
associated with lower risk (Hodge et al 2004). A stronger
association has been observed between total fat and saturated
fat intake and type 2 diabetes (Tsunehara et al 1990; Marshall
et al 1991), although not all findings are in agreement
(Salmeron, Ascherio, et al 1997). Additionally, while two
prospective cohort studies have shown no risk of diabetes
from consuming increased amounts of sugar (Colditz et al
1992; Janket et al 2003; Hodge et al 2004), two other studies
have observed an inverse association between sucrose intake
and diabetes risk (Meyer et al 2000; Hodge et al 2004).
Intakes of both whole grains (Meyer et al 2000; Fung et al
2002) and dietary fiber (in particular, cereal fiber) are
associated with lower risk of type 2 diabetes (Salmeron,
Ascherio, et al 1997; Salmeron, Manson, et al 1997; Meyer
et al 2000; Hu et al 2001).

Glycemic index

One of the more contentious findings from recent
prospective observational studies is that the glycemic index
(GI) of the carbohydrate is an independent dietary
determinant of risk of type 2 diabetes. In four large cohort
studies (Salmeron, Ascherio, et al 1997; Salmeron, Manson,
etal 1997; Hodge et al 2004; Schulze et al 2004), diets with
a higher GI or higher glycemic load (GL) (GL =GI X amount
of carbohydrate) increased the relative risk of type 2 diabetes
by 37%—-60% after adjustments for known risk factors
including energy and fiber. In the Nurses’ Health Study, the
combination of a high GL and a low cereal fiber intake
further increased the risk of diabetes (relative risk=2.5)
when compared with a low GL and high cereal fiber intake
(Salmeron, Manson, et al 1997). Refined starch could be
more important in this context than refined sugars because,
weight for weight, starch yields twice as much glucose than
sucrose, and can be rapidly digested and absorbed. White
bread intake may be one of the better single food predictors
of type 2 diabetes (Hodge et al 2004).

Not all studies have confirmed the positive relationship
between GI/GL and diabetes (Meyer et al 2000; Stevens et
al 2002), and there are reservations about the ability of food
frequency questionnaires to assess the overall glycemic
impact or insulin demand associated with particular diets.
However, acarbose, a drug that reduces the rate of
carbohydrate absorption from the small intestine (but is not
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absorbed itself), reduces the risk of type 2 diabetes and
cardiovascular disease by 25%—50% in individuals with IGT
(Chiasson et al 2002, 2003), suggesting that lowering
postprandial glycemia per se is a worthy goal in diabetes
prevention. In practice, both high fiber and low GI diets are
associated with improved insulin sensitivity (Pereira et al
2002; Rizkalla et al 2004) and reduced levels of glycated
hemoglobin (Giacco et al 2000; Brand-Miller et al 2003) in
individuals with diabetes.

Food intake or dietary composition
Because excess body fat is the single most important
determinant of type 2 diabetes (Hu et al 2001), the
relationship between dietary factors and obesity is also
clearly relevant. Recommendations to increase carbohydrate
intake at the expense of fat to prevent weight gain may no
longer be appropriate when the population is fatter, more
insulin resistant, and glucose intolerant. Excessively high
carbohydrate intake, specifically of refined grains, has been
linked to the current epidemic of obesity (Liu et al 2003;
Gross et al 2004). Recent reports indicate that carbohydrate
restriction or modification can favorably affect both weight
loss and cardiac risk factors in overweight subjects (Bouche
et al 2003; Pereira et al 2004; Stern et al 2004).

Whether the composition of ingested calories or energy
restriction is more critical to diabetes prevention remains to
be seen. Nevertheless, it can be concluded that type 2
diabetes is a largely preventable disease. Intensive lifestyle
interventions are not only highly effective but cost-effective
too.

Dietary prevention of cancer

Cancer incidence (DePinho 2000) and mortality (Goodwin
and Brodwick 1995) rise steeply with age. More than half
of all cancers are diagnosed in the over 65 group (Goodwin
and Brodwick 1995). Malignant neoplasms are a leading
cause of death in the elderly, second to heart disease in the
United States (Kochanek and Smith 2004). The link between
diet and cancer has been recognized for many years (Doll
1992; Dreosti 1998), with diet second to tobacco smoking
as a preventable cause. Raised body weight and physical
inactivity also account for about a quarter of common
cancers (IARC 2002).

Energy intake
Long-term food restriction increases the survival and lowers
the incidence of neoplasms in rats (Thurman et al 1994).

There are no long-term food-restriction studies of cancer
incidence in humans, except for comparative studies
between countries. The Okinawan population has a lower
calorie intake, a reduced incidence of cancer and vascular
disease, and lives longer than the rest of Japan (Kagawa
1978; Willcox et al 2001). However, the findings are
confounded by genetic and lifestyle differences.

Several studies of overweight adults over periods of 10
or more years show increased incidence of cancer in the
higher weight groups (Garfinkel 1985; Bray 1996; Field et
al 2001; TARC 2002). There is an increased risk of breast
cancer in overweight women (Abu-Abid et al 2002; Mokbel
2003; Key et al 2003; Holmes and Willett 2004). Obesity
increases breast cancer risk by 30% in postmenopausal
women (Key et al 2003). Strategies for the prevention of
cancers in relation to the obesity epidemic and in light of
the antiaging effects of caloric restriction have been
discussed recently (Hursting et al 2003).

Diet and cancer epidemiology

In the late 1970s, the research focus of diet and cancer shifted
from animal experiments (often using potent carcinogens
with or without dietary change) to observational studies in
humans. Incidence data of human cases started to be
collected systematically. It emerged that there were
important differences between countries or regions. For
some cancers there were 10-fold differences and for a few
types, such as esophagus and malignant melanoma there
were 100-fold differences between the regions with the
highest and lowest incidence rates. Plotting between-country
rates for a particular cancer against estimated national
consumption of a food or nutrient has given rise to suggestive
correlations. Using mostly between-country epidemiology
Doll and Peto (1981a) estimated that 38% of the causes of
preventable cancers might be related to something in the
diet, including alcohol. In the same year, Doll and Peto
(1981b) hypothesized that dietary beta-carotene may be
protective against cancer, based on observations that beta-
carotene is an antioxidant that is present in green leaves
and many fruits, and these vegetable foods appear to be
inversely associated with some cancers.

Since that time, there has been much epidemiological
research on diet and cancer, both case-control studies, where
the dietary search is retrospective and prospective cohort
studies. There have even been a small number of randomized
controlled preventive trials usually with pure nutrients.
Mechanisms for any association have been suggested by
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basic science research, experimental pathology, or cell
culture.

Diet and different types of cancer

There are many different types of cancer. Diet has been
suggested and considered as a possible causative factor for
at least 18 different types of cancer. Avoiding the dietary
causative factors may potentially prevent these cancers. The
last 25 years have seen dietary associations with cancer rise
and fall. Here are some examples.

Fat intake and breast cancer

When mortality from breast cancer is plotted against national
fat consumption the correlations are striking (Armstrong
and Doll 1975). However, more dietary fat is eaten by men.
Case-control studies then showed weak and inconsistent
associations of breast cancer mortality with dietary fat, and
most of the large cohort studies found that there was no
significant association with total fat consumption (Boyd et
al 1993) or the type of fat consumed (Simmonsen et al 1998).

Fruits and vegetables

At present there is uncertainty about protective effects of
fruits and vegetables. Many case-control studies indicate
that fruits and vegetables appear to be protective against
several types of cancer (Steinmetz and Potter 1996), but the
latest results from cohort studies in North America (Smith-
Warner et al 2001) and Europe (van Gils et al 2005) have
not shown that fruit and vegetables protect against breast
cancer. However, they may well protect against cancer
elsewhere, for example stomach (De Stefani et al 2004).

Beta carotene

Several randomized controlled prevention trials have not
found beta-carotene to be protective against cancer, at least
not in large pharmaceutical dosage in older subjects (Alpha-
Tocopherol, Beta Carotene Cancer Prevention Study Group
1994).

Fiber and colorectal cancer

Physiological considerations and case-control studies
indicate that dietary fiber protects against cancer of the large
bowel (colorectal cancer). Moreover, the definition of dietary
fiber is not unified, nor the chemical method used to quantify
fiber in food. The largest of the prospective studies by
Willett’s group in US nurses did not find a significant
protective effect (Giovannucci et al 1994). Recently there

was a report of an interesting contradiction of this null
finding. The largest prospective study of diet and cancer in
the world, the European Prospective Investigation into
Cancer and Nutrition (EPIC) is following over 500000
individuals in 10 European countries and in their early results
dietary fibers were inversely associated with colorectal
cancer (Tjonneland et al 2004). The authors suggest that
the clearer result in EPIC may be because of the much greater
range of fiber intakes across 10 different countries and
different occupations. However, the latest report from the
Nurses’ Health Study and the Health Professionals’ Follow-
up Study failed to link fiber intake to colorectal cancer, but
revealed considerable confounding by other dietary and
lifestyle factors (Michels et al 2005).

Meat and colorectal cancer

Whether there is a positive or potentially causal association
of red meat and colorectal cancer is also controversial at
present. A minority of the cohort studies, including the large
Willett group Nurses’ Health Study cohort, show that
colorectal cancer is associated with meat consumption (Chan
et al 2005). But the majority of other cohort studies do not
show this (Truswell 2002). The most recent report of a
prospective study of 478 040 men and women from 10
European countries free from cancer at enrollment between
1992 and 1998 and followed for 4.8 years shows a significant
association (Norat et al 2005). There appears to be a
consistent small association of processed meats and
colorectal cancer (Norat et al 2002, 2005). Here, there are
other added chemicals, for example, nitrates that may explain
the association. In support of the null relationship with meat
is evidence that vegetarians do not, on follow-up, have less
colorectal cancer than socially matched omnivores (Key et
al 1998). A high fish intake was found to be associated with
a decreased risk of colorectal cancer (Norat et al 2005).

General conclusions: diet and cancer
The two most recent thorough and authoritative reviews of
diet and the causation of cancer were the 670 page review
by the World Cancer Research Fund (1997), which is
undergoing a necessary review at present; and the report by
a committee of the UK Department of Health (1998), which
did not include consideration of alcohol units. Evidence of
associations of diet with cancer is briefly summarized in a
Report of a Joint WHO/FAO Expert Consultation (2003).
Dietary factors are different for different cancers.
Avoidance of overweight and immoderate alcohol intake
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Table | Probable and possible associations of dietary
components and major cancers

Cancer Promote Delay

Mouth, pharynx, Alcohol C

esophagus Micronutrient deficiency P
Stomach Preserved salted foods P Fruit and vegetables P
Colorectal Overweight P Dietary fibre P
Inactivity P
Alcohol P
Red meat P
Breast Obesity P Breastfeeding: possible
Alcohol (small) P
Inactivity: possible
Endometrial Obesity C

Abbreviations: C, convincing; P, probable.

NOTE: Dietary factors are different for different cancers. Avoidance of obesity
and overweight and of immoderate alcohol intakes can help protect against
several different cancers.

helps protect against several types of cancer. Table 1
summarizes the probable and possible associations of dietary
components and some major cancers.

Diet to prevent dementia

Increasing age is the strongest epidemiological risk factor
for most cases of dementia. As the average lifespan increases
beyond 80 years in the 21st century, neurodegenerative
diseases like dementia will become more frequent. Primary
and secondary prevention of dementia at the individual and
population levels could diminish the future increase in the
prevalence of dementia. It is estimated that if the median
age of onset of Alzheimer disease (AD) could be increased
by 6.7 years, then there would be 35.6% fewer cases of AD
by 2050 (Sloane et al 2002).

The dementias include AD, vascular dementia,
frontotemporal dementia, Lewy body disease, dementia
secondary to alcohol and substance abuse, and other
uncommon types. The epidemiological study of differences
in genetic vulnerability and environmental exposure in
populations with different patterns of dementia may
contribute to identification of modifiable risk factors for
dementia. Researchers are also looking for dietary patterns
and specific nutrients that may enhance brain function and
so reduce the risk of developing dementia (Solfrizzi et al
2003; Yen 2003; Whalley et al 2004; Luchsinger and Mayeux
2004). Recent work suggests that individuals who consume
large amounts of fruits and vegetables may reduce their risk
of developing dementia (Joseph et el 2005). Prevention is

particularly important for dementia as there is no disease-
modifying treatment available at present.

Dietary factors have been associated with increased and
decreased risks of dementia. Higher intake of energy and
lower intake of antioxidants may amplify the process of
dementia through oxidative stress (Otsuka et al 2002).
Increased intake of fatty acids may contribute to dementia
through atherosclerosis and thrombosis, inflammation,
impaired membrane functioning, or via accumulation of
beta-amyloid (Kalmijn 2000).

Dietary antioxidants
Oxidative stress may produce neuronal degeneration through
protein oxidation, DNA oxidation, and lipid peroxidation.
The antioxidant micronutrients are ascorbate (vitamin C),
alphatocopherol (vitamin E), and carotenoids, which are
provided in the diet, particularly by fruit and vegetables. In
observational studies, a high intake of vitamins E and C is
protective against AD (Engelhart et al 2002b; Morris et al
2002). In the Honolulu-Asia Aging Study (HAAS) the use
of vitamin E and C supplements was associated with a
reduced risk of prevalent cases of vascular dementia, but
was neither associated with prevalent cases of AD (Masaki
et al 2000), nor with incident cases of dementia (Laurin et
al 2002). Vitamin E supplementation is reported neither to
prevent the progression from mild cognitive impairment to
dementia (Blacker 2005) nor slow the progression of
cognitive decline in patients with AD (Sano et al 1997).
Dietary supplementation with fruit or vegetable extracts high
in antioxidants, such as blueberry or spinach extracts, might
improve cognitive performance (Joseph et al 2005).
Flavonoids, which are powerful antioxidants found in
wine, tea, fruit, and vegetables may also prevent dementia.
A large cohort study (PAQUID) showed that the intake of
flavonoids is inversely related to the risk of dementia
(Commenges et al 2000; Larrieu et al 2004). A low intake
of wine is associated with a reduced incidence of AD
(Lindsay et al 2002).

Folate and vitamin B12

Dietary deficiency of folate or vitamin B12 and the
associated raised serum homocysteine may contribute to the
etiology of AD and vascular dementia. Folate deficiency is
one of the commonest forms of vitamin deficiency and is
also associated with cerebral cortex atrophy (Snowdon et al
2000). High serum homocysteine levels are associated with
vascular disease (Mayer et al 1996; Nygard et al 1997), and
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high intraneuronal levels of homocysteine can cause
cognitive impairment (La Rue et al 1997). Observational
studies show that low serum folate levels are associated with
AD and with all types of dementia (Meindok and Dvorsky
1970; Sneath et al 1973; Renvall et al 1989; Clarke et al
1998; Ebly et al 1998; Quadri et al 2004). However, analysis
of three major randomized controlled trials (Fioravanti et al
1997; Sommer et al 1998; VITAL 2003) provided no
evidence that folic acid with or without vitamin B12 has a
beneficial affect on the cognitive function of the older
person.

Fat, fatty acids, and caloric intake

A number of studies have suggested that high dietary intake
of total fats, saturated fatty acids, trans fatty acids, and
cholesterol; and low intake of monounsaturated fatty acids
(MUFA), polyunsaturated fatty acids (PUFA), n-3 PUFA,
and n-6 PUFA are associated with increased risk of dementia
and its subtypes. The link between a high-fat diet and
dementia has been predominantly supported by
epidemiological studies (Grant 1997; Kalmijn et al 2000;
Luchsinger et al 2002). Luchsinger et al (2002) found that
higher intakes of calories and fat were only associated
with an increased risk of AD in individuals carrying the
ApoE epsilon 4 allele. However, some epidemiological
studies have suggested contradictory results. In the
Rotterdam Study (Engelhart et al 2002a), high intake of total,
saturated, and trans fats and cholesterol, and low intake of
MUFA, PUFA, n-6 PUFA, and n-3 PUFA were not
associated with increased risk of dementia and subtypes.
Furthermore, moderate to severe cognitive impairment is
not associated with dietary fatty acids (Manzato et al 2003).
Recently, Zhang et al (2005) showed that a high-fat diet
induced neural oxidative stress, inflammation, and nuclear
transcription factor NF (kappa)-B activation in rat cerebral
cortex.

The types of fatty acid consumed may affect the risk of
dementia. In the PAQUID study, at least weekly consump-
tion of fatty acids from fish or seafood (rich in
polyunsaturated fatty acids) was associated with a lower
risk of developing dementia including AD (Larrieu et al
2004). However, no significant association was found
between consumption of meat (rich in saturated fatty acids)
and the risk of dementia (Barberger-Gateau et al 2002). The
Zutphen Elderly Study showed that increased fish consump-
tion tended to be inversely associated with cognitive
impairment and decline, whereas high linoleic acid intake
was associated with cognitive impairment (Kalmijn 2000).

Excessive caloric intake may increase the risk of
dementia. Obesity in middle age was found to increase the
future risk of dementia in a 27-year longitudinal study of
10276 Californians (Whitmer et al 2005).

Alcohol

Excessive alcohol intake appears to increase the risk of
dementia by direct neurotoxic effects, malnutrition, or
trauma (French et al 1985). Wernicke’s encephalography,
Korsakoff’s psychosis, and alcohol-related dementias are
alcohol dementia syndromes in the elderly (Butters 1985).
Heavy alcohol use is a contributing factor in 21%—-24% of
cases of dementia (Smith and Atkinson 1995; Thomas and
Rockwood 2001).

Mild to moderate alcohol consumption of 1-3 drinks
per day is found to reduce the risk of coronary heart disease,
stroke, and dementia. In the Washington Heights Inwood-
Columbia Aging project, light to moderate alcohol intake
was associated with a lower risk of dementia and AD in
persons aged 65 years and older (Luchsinger et al 2004).
Similarly in the Rotterdam study, in persons aged 55 years
and older, light to moderate alcohol intake (1-3 drinks per
day) was associated with a lower risk of dementia
(Ruitenberg et al 2002). The Canadian Study of Health and
Aging also reported a lower risk of AD with consumption
of wine, but not of other alcoholic beverages (Lindsay et al
2002). Other smaller studies have found no association
between alcohol intake and a lower risk of cognitive
impairment or dementia (Herbert et al 1992; Broe et al 1998;
Leibovici et al 1999). Thus, excessive alcohol intake may
increase the risk of dementia, whereas mild to moderate
intake may diminish the risk.

Conclusions

Further studies are needed to identify the exact role of
different nutrients, their interactions and the effect of genetic
factors and lifestyle on cerebral aging and dementia
(Deschamps et al 2001). There are insufficient data to
support supplementation with vitamin C, vitamin E, folate,
or vitamin B12 to prevent dementia. Despite some inconsis-
tencies, high caloric and fat intakes are associated with
increased risk of dementia, while fish and seafood are
associated with a reduced risk of dementia.

Prevention of osteoporosis
Half of all Caucasian women have osteoporosis or osteopenia
(low bone mass) by the end of their postmenopausal decade
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(Melton et al 1992; Hansen and Vondracek 2004). The
incidence in men is lower (Trombetti et al 2002). One in
three men aged more than 60 years will suffer an
osteoporotic fracture (Diamond 2005). Bone fractures,
especially hip fractures, are the most devastating
consequence of osteoporosis (Riggs and Melton 1995),
leading to significant increases in morbidity and mortality
(Cauley et al 2000). A 50-year-old Caucasian woman has a
lifetime risk of fractures of 40% (Riggs and Melton 1995)
and a 50-year-old man 14% (Eastell and Lambert 2002). In
countries with high fracture rates, 20% of symptomatic spine
fractures and 30% of hip fractures occur in men (Eastell et
al 1998). Low bone mineral density (BMD) is the major
determinant of fracture risk (Cummings et al 1993). In the
elderly, low BMD can result from low peak bone mass
(PBM) or accelerated bone loss (mainly due to loss of
estrogen at menopause in women) or a combination (Eastell
and Lambert 2002). PBM is the amount of bone acquired at
maturity which is 70%-80% genetically determined, with
environmental factors such as exercise plus calcium intake
contributing 20%—-30% (Eastell and Lambert 2002).

Food intake and body weight

Food intake and body weight are important in bone loss
and osteoporosis (Macdonald et al 2005). Weight loss
reduces bone mass and increases the risk for osteoporosis
(von Mach et al 2004). Obesity has a beneficial effect by
increasing bone mineral density at the lumbar spine of white
American postmenopausal women of mean age 58 years
(Castro et al 2005). The risk for osteoporosis among elderly
men and women with a BMI of >30 was 33% compared
with subjects with a normal BMI (Barrera et al 2004). It is
believed that the attainment of maximal peak bone mass by
body weight gain in childhood is an important strategy for
the prevention of osteoporosis in later life in women (Saito
et al 2005). Although protein intake is an important
determinant of growth, it is not possible on present evidence
to make recommendations about optimal protein intake for
either bone growth or the prevention of osteoporosis
(Prentice 2004). High protein intake increases urine calcium
losses, which may be detrimental to optimum bone health
(Heaney and Recker 1982). In older individuals, protein
intake may be inadequate, and in a number of studies, though
not all, low protein intake has been associated with increased
bone loss in elderly men and women. Higher protein intake
is generally associated with decreased risk of fracture
(Rizzoli and Bonjour 2004) and better outcome after hip

fracture, due, in part, to decreased risk of complications
(Delmi et al 1990).

Calcium

Calcium is the main bone-forming mineral. An adequate
intake of calcium and vitamin D is essential to maintain
skeletal integrity throughout life (Follin and Hansen 2003;
Diamond et al 2005). Vitamin D is formed from
7-dehydrocholesterol in the skin during exposure to sunlight
and subsequent hydroxylation in the liver to form
25-hydroxyvitamin D, which has a half-life of about 2
months (Eastell and Lambert 2002; Holick 2004). In turn,
25 hydroxyvitamin D is converted mainly in the kidney, to
1,25dihydroxyvitamin D, the active hormone (Holick 2004).
The active vitamin D hormone increases calcium absorption
from the gastrointestinal tract and thereby protects bone from
resorption and facilitates bone mineral deposition (Akesson
et al 1997). Calcium absorption in old age is about half that
of the adolescent (Follin and Hansen 2003). Osteoporosis
is prevented by calcium, which decreases bone turnover and
reduces bone loss (Kanis 1999), and which also reduces the
rate of degradation of vitamin D (Clements et al 1987).
Calcium and vitamin D supplementation have been shown
to lower the rates of fracture by 35%—-50% (Reid et al 1995;
Cumming and Nevitt 1997).

Vitamin D

Skeletal health in the elderly depends largely on the
foundations laid in early childhood that are developed and
maintained throughout life (Lau 2004). Women with a low
milk intake during childhood and adolescence have a lower
bone mass in adulthood and a greater risk of fracture
(Kalkwarfet al 2003). An active lifestyle plus good nutrition
in terms of calcium intake and exposure to sunshine to
generate vitamin D are necessary to reduce the risk of
osteoporosis (Eastell and Lambert 2002). In Australia,
vitamin D deficiency can be prevented in most people by
sun exposure of the face, hands, and arms to one third of
the minimal erythema dose (the amount that produces a faint
redness) on most days (Diamond et al 2005). For fair skin
types this can be achieved by exposure to 5—15 minutes of
sunlight in summer, depending on latitude, just outside the
most damaging period for UVB exposure (10am-2 pm,
standard time), with longer exposures required in winter
and in those with more pigmented skin (Diamond et al 2005).
However, there is a global vitamin D insufficiency partly
due to concern over the risk of melanoma and other skin
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cancers caused by overexposure to UVB in sunlight (Calvo
et al 2005) and partly due to an indoor lifestyle, even in the
normal population (Diamond et al 2005). Reduced skin
vitamin D synthesis is particularly a problem in older
individuals, who may have reduced mobility and in dark
skinned individuals, particularly if they dress modestly for
cultural or religious reasons (Nowson et al 2004). This
increases the need for dietary vitamin D supplementation
in deficiency states. For those with insufficient sun exposure,
there are increasing recommendations for much higher doses
of supplementation than previously considered: around
10001U/day (Vieth 2004).

Homocysteine

Recently, high homocysteine concentrations have been
described as a risk factor for osteoporotic fractures (Raisz
2004). Furthermore, supplementation with folate and
vitamin B12 in stroke patients, who are at high risk of osteo-
porotic fracture, reduced hip fractures over a 2-year period
to an extent equivalent to that reported for bisphosphonates,
which are amongst the most effective pharmacological
agents for osteoporotic fractures (Sato et al 2005).

Diet and age-related macular

degeneration

Age-related macular degeneration (AMD) is the commonest
and most rapidly increasing cause of blindness in the
Western world (Bartlett and Eperjesi 2003). In Australia,
the prevalence of AMD rises from about 1% in the 65-75-
year-old age group to 5% in those aged 75-84 years and
approximately 20% in people over the age of 85 (Constable
2004). The major risk factors are having a first degree
relative with AMD and smoking (Constable 2004).
Overweight and obesity due to excessive food intake is also
a significant risk factor for AMD, along with decreased lutein
and zeaxanthin status (Johnson 2005). One study showed
that high birth weight significantly increased the risk of
AMD (Hall et al 2002).

There are currently only limited treatment options for
AMD (Bartlett and Eperjesi 2003). The progression of early
AMD is accelerated by high-fat intake, whether saturated,
monounsaturated, polyunsaturated, or transunsaturated
(Seddon et al 2004) and reduced by a low intake of saturated
fat (Mitchell et al 2003). Nuts and fish also reduced the risk
of progression (Mitchell et al 2003).

Accumulating evidence suggests that low plasma levels
of micronutrients, particularly zinc, luteins, and carotenoids

accelerate AMD progression (Mozaffarich et al 2003).
Several dietary studies have also shown that increased
antioxidant intake protects against AMD progression
(reviewed by Hogg and Chakravarthy 2004).

These observations have led to interventional studies to
assess the effect of micronutrient supplements on AMD
progression. In the USA, the 3640 participant age-related
eye diseases study (AREDS) found that supplementation
with vitamins C (500 mg), E (400 IU), beta-carotene (15 mg),
and zinc (80 mg) slowed AMD progression in patients with
underlying AMD (Age-Related Eye Disease Study Research
Group 2001).

Healthy aging through dietary
therapy

For the primary prevention of the diseases of middle to old
age, it appears that it is essential from an early age to adopt
a healthy lifestyle of regular physical exercise, not smoking,
and a nutrient-rich (wholegrain cereals, legumes, fruits, and
vegetables), but low-energy (less fat and sugar) diet to
maintain a moderately lean body weight (Paffenberger et al
1993; Fraser and Slavik 2001; Polidori 2003; Report of a
Joint WHO/FAO Expert Consultation 2003; Kesteloot 2004;
Everitt et al 2005). In young people, the failure to identify
and treat overweight, impaired glucose tolerance,
hypertension, and hypercholesterolemia may result in the
development of type 2 diabetes and coronary artery disease
in later life, leading to early morbidity and mortality (Berry
et al 2004).

Lifestyle interventions can be beneficial at most ages.
Due to the relatively long “lag time” of risk factors for age-
related diseases, humans can benefit at all ages from
modification of their unhealthy practices of high
consumption of saturated fats, salt, and refined carbo-
hydrates, as well as low consumption of fruits and vegetables
(Report of a Joint WHO/FAC Expert Consultation 2003).
Much of the present mortality is due to behavioral risk
factors such as poor nutrition, insufficient physical activity,
and tobacco smoking. Sedentary lifestyles are becoming
common at all ages. Increased physical activity improves
the quality of life and health in the elderly (Drewnowski
and Evans 2001). A number of clinical trials in apparently
healthy subjects have examined the effects of weight loss
achieved by diet or exercise and reported improvements in
cardiovascular and diabetes risk factors (Lee et al 2001).
Current literature indicates that the risk of many cancers is
decreased by reducing lifestyle factors such as smoking,
high fat, meat, refined sugar diets, and physical inactivity
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Table 2 Dietary approaches that delay age-related diseases

Age-related disease

Cardiovascular  Diabetes

Dietary approach disease mellitus Cancer Dementia Osteoporosis AMD
Caloric restriction ++ + ++
Reduce obesity ++ ++ + + Obesity protects +
Low saturated fat ++ ++ + + +
Alcohol 10-20 g/day ++ + +
Antioxidants ++ + + +

— fruits and vegetables ++ + +

— isoflavones/flavonoids/polyphenols + +

— vitamins C and E + +
Plant fibers + + +
Plant fats + +
Fish (omega-3 fatty acids) ++ + ++ +
B vitamins + +
Low glycemic index +

Calcium and vitamin D

++

Abbreviations: AMD, age-related macular degeneration.
NOTE: ++ = convincing evidence; + = conflicting evidence.

(Barnard 2004). Randomized controlled trials over 3 years
have demonstrated that lifestyle changes (weight loss if
overweight, increased physical activity, moderate alcohol
intake, diet high in fruits and vegetables, low-fat dairy
products, and low sodium) have a blood pressure lowering
effect similar to that seen with drug therapy (Krousel-Wood
et al 2004). The SENECA study of 2600 elderly people in
Europe born 1913—-1918 and studied over 10 years starting
in 1988, reported that a healthy lifestyle at older ages (70+
years) is able to delay the deterioration of health status and
reduces mortality (de Groot et al 2004). Dietary
modifications that have been shown in clinical trials to delay
the onset of cardiovascular disease, type 2 diabetes, certain
cancers, osteoporosis, and age-related macular degeneration
are summarized in Table 2.

Fruit and vegetable diets

A number of diets have been found to reduce mortality and
prolong life. To achieve a degree of calorie restriction
without malnutrition the choice is a low-energy diet with
high nutrient density. Such a diet could consist of vegetables,
fruits, low-fat milk products, whole grain cereals, and
legumes (Elmadfa and Freisling 2005). Tubers such as
potatoes and cassava should not be included in fruits
and vegetables (Report of a Joint WHO/FAO Expert
Consultation 2003). The main benefits of the fruit and
vegetable diets are the lower intake of saturated fat,
cholesterol, and animal proteins, as well as the higher intakes

of complex carbohydrates, dietary fiber, magnesium, folic
acid, vitamin C and E, carotenoids, and other phytochemicals
(Leitzmann 2005). The long-term benefits of the high fruit
and vegetable diet have been studied extensively (Ness and
Powles 1997; Kraus et al 2000; Bazzano et al 2002b;
Sauvaget et al 2003; Hung et al 2004; Lock et al 2005;
Tucker et al 2005). Fruit and vegetable diets contain large
amounts of antioxidants, which slow the development of
cardiovascular disease (Gaziano 2004). Vegetarians are
reported to have reduced mortality from cardiovascular
disease (Key et al 1998; Bazzano et al 2002b) and a lower
risk of all-cause mortality (Genkinger et al 2004). A high
fruit and vegetable intake (5 servings per day) plus low
saturated fat diet (<12% energy intake) was found to
significantly reduce coronary heart disease and all-cause
mortality in a trial of 501 healthy men followed over
18 years in the Baltimore Longitudinal Study of Aging
(Tucker et al 2005). In a prospective cohort study of 40309
Japanese men and women initiated in 1980-1981 and
followed until 1998, the daily consumption of green-yellow
vegetables and fruit was associated with a lower risk of
stroke, intracerebral hemorrhage, and cerebral infarction
mortality (Sauvaget et al 2003). The DASH (Dietary
Approaches to Stop Hypertension) diet, which is high in
fruits and vegetables and low-fat dairy products and reduced
in fat and salt, has been shown in large randomized
controlled trials to reduce blood pressure, blood cholesterol,
and homocysteine, risk factors for cardiovascular disease
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(Craddick et al 2003). Data from the Nurses’ Health Study
on women and the Health Professionals’ Follow-up Study
in men showed that the benefits of five or more servings of
fresh fruits and vegetables per day, especially green leafy
vegetables, are mainly due to a lower incidence of
cardiovascular disease but not cancer (Hung et al 2004).
There was no association between fruit and vegetable intake
and incidence of specific cancers (Hung et al 2004). A
prospective study of 285526 women in Europe followed
over 5.4 years failed to associate vegetable and fruit intake
with the risk for breast cancer (van Gils et al 2005). One
study (Montonen et al 2005) has shown that a high fruit and
vegetable intake reduced the risk of type 2 diabetes, whereas
a diet characterized by butter, potatoes, and whole milk
increased the risk. The advantages of the high fruit and
vegetable diet may be due to the lower energy intake of that
diet, plus the effects of specific dietary constituents, such
as antioxidants.

Mediterranean diets

The Mediterranean diet, despite having a high lipid content,
protects against the chronic diseases of old age, especially
heart disease (Trichopoulou 2001; Barbaste et al 2002;
Trichopoulou and Critselis 2004). This diet was developed
in the olive growing area of the Mediterranean region in the
late 1950s after the Second World War, before the arrival of
the fast-food culture (Trichopoulou 2001). Olive oil
characterizes the diet and permits the consumption of large
quantities of vegetables and legumes in salads. The total
lipid content may be high at 40% of total energy intake in
Greece or a moderate 30% in Italy (Trichopoulou 2001).
Virgin olive oil provides large amounts of stable and not
easily oxidizable fatty acids as well as powerful antioxidants
(Battino and Ferreiro 2004). A higher intake of mono-
unsaturated fatty acids in a typical Mediterranean diet was
found to reduce all-cause mortality in an 8.5 year follow-
up of the Italian Longitudinal Study on Aging in elderly
nondemented subjects aged 65-84 years (Solfrizzi et al
2005). A Mediterranean diet modified so as to apply across
Europe was associated with increased survival in 74 607
men and women aged 60 years or more (Trichopoulou et al
2005).

The Okinawan diet

The Okinawan people living on islands south of Tokyo are
reported to live longer than any other population on earth.
They are smaller in body size, eat 40% fewer calories than

the Americans and live 4 years longer due mainly to their
lower mortality from heart disease and cancer (Kagawa
1978; Suzuki et al 2001; Willcox et al 2001). Their diet
consists of whole grains, vegetables, fruit, soy, and fish rich
in omega-3 fatty acids. When the Okinawans live in the
United States, they acquire the diet and the mortality of the
Americans. Okinawa has a US naval base, and younger
Okinawans are now adopting Western habits, which should
reduce their life expectancy. The greater longevity of older
Okinawans is only partly due to reduced energy intake and
different composition of diet, as there are also differences
in the level of exercise and philosophy of life (Willcox et al
2001). In the Uygur region of China there is a population
reported to be longer-lived than the Okinawans (Kawamura
et al 2003).

Mechanisms for dietary prevention of

disease

A number of hypotheses for the overall mechanisms by
which diet may modify the development of age-related
diseases have been proposed (Meydani 2001; Masoro
2002d; Koubova and Guarente 2003; Polidori 2003). It is
widely believed that many age-related diseases result from
oxidative damage to DNA, RNA, protein, and lipids by
reactive-oxygen species (Harman 1988; Meydani 2001;
Head et al 2002; Polidori 2003). A number of studies have
shown that CR (Yu 1996; Merry 2004) and dietary
antioxidants (Meydani 2001) reduce the oxidative stress in
mitochondria and damage in tissues.

Age-associated diseases, such as atherosclerosis,
dementia, and cataract may in part be due to glycation caused
by the action of high plasma glucose on tissue proteins (Suji
and Sivakami 2004) causing accumulation of AGEs
(advanced glycation end products). Plasma glucose is of
course reduced by CR (Masoro 1996).

Studies in the Ames dwarf mouse with a gene mutation
that leads to low pituitary growth hormone production
indicate that reduced function of the growth hormone—IGF-
1 axis retards aging changes, prevents age-related pathology,
and prolongs life in the mouse in a similar manner to CR
(Ikeno et al 2003). In humans, raised levels of IGF-1 are
seen in many cancers (Hursting et al 2003). However, low
levels of IGF-1 may be risk factors for cardiovascular disease
(Kaplan et al 2005; Sandhu 2005) and type 2 diabetes
(Dunger et al 2004; Sandhu 2005).

Furthermore, many of the intracellular pathways
responsible for aging changes have been elucidated (Morris
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2005). Interestingly, polyphenols in fruits and vegetables
stimulate similar pathways as CR. In each case, activation
of sirtuins takes place as an early event. Sirtuins are a class
of enzymes that activate various factors inside the cell that
increase oxidative stress defenses, suppress insulin receptor
signaling, and modulate senescence mechanisms and other
processes (Morris 2005). Resveratrol is a particularly
powerful polyphenol that can increase lifespan of several
species tested to date (Howitz et al 2003; Morris 2005).
Thus a diet rich in polyphenols might be able to achieve a
similar outcome on health and longevity as CR.

Conclusions

A delayed onset of aging diseases may best be achieved by
establishing a healthy lifestyle in early life as in childhood
or in the young adult. A healthy lifestyle includes regular
physical exercise, not smoking, a happy relaxed mind, and
anutrient-rich low-calorie diet to maintain a moderately lean
body weight. Such a diet would include wholegrain cereals,
legumes, fruits and vegetables, with a low intake of saturated
fat and trans fatty acids. Energy intake, which in excess
leads to overweight, appears to be the major dietary factor
determining the onset of age-related diseases such as
cardiovascular disease, diabetes, cancer, and dementia, and
therefore lifespan. The composition of the diet is also
important, since there is good evidence that a vegetarian
diet (rich in antioxidants), the Mediterranean diet (high in
olive oil with monounsaturated fatty acids), and the
Okinawan diet (high in fruits and vegetables plus omega-3
fatty acids in fish) are beneficial by delaying age-associated
diseases. Lowering fat intake to less than 10% of caloric
intake, appears to be important for reducing the risk of
cardiovascular disease and diabetes. The development of
osteoporotic fractures may be prevented by increasing the
intake of calcium, vitamin D, and probably folate.
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