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19.1 INTRODUCTION

Aging is associated with an increased risk of chronic diseases such as cancer and CVD. Smoking
increases the risk of such diseases further. The intake of fruit and vegetables is often promaoted as
part of a healthy lifestyle to prevent chronic diseases. In this chapter we will discuss the health effect
of smoking on cancer and CVD, describe the association between fruit and vegetable consumption
and these diseases and review whether the negative health effects of smoking can be countered by
fruit and vegetable consumption. Our review will focus on studies in the elderly where possible.
Studies that reported on nutrients such as antioxidants were not taken into consideration.
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Tobaceo” contributes to the world's leading killer diseases. If current trends continue, it wil]
kill 100 million people prematurely during this century [1]. According to the Centers for Disease
Control and Prevention's Behavioral Risk Factor Surveillance System (BRFS3), an estimated 10
of Americans 65 and older smoked daily in the year 2002 [2].

19.2 HEALTH RISKS OF SMOKING
19.2.1 Cancer

Tobacco is a potent multisite carcinogen, causing cancers of the lung, upper aero-digestive tract, pan-
creas, stomach, liver, lower urinary tract, kidney and uterine cervix, and causing myeloid leukemia
13]. Smoking is estimated to cause 21% of deaths from cancer worldwide, which indicates that it is
a very important preventable cause of cancer mortality. It was calculated that 70% of trachea, bron-
chus, and lung cancer mortality worldwide is caused by smoking; while smoking accounts for 429
of mouth and oropharynx cancer mortality, 42% of oesophageal cancer mortality, 22% of pancreatic
cancer mortality, 28% of bladder cancer mortality and 14% of liver cancer mortality [4]. Evidence of
a positive relationship between involuntary passive second-hand smoking, or environmental tobaceo
smoke and lung cancer in nonsmokers is increasing. This association is biologically plausible, as pas-
sive smokers inhale the same carcinogens as active smokers, albeit at a lower dose [3].

Cigarette smoke contains a mixture of more than 60 carcinogens, most of which require meta-
bolic activation to impose their carcinogenic effect; there are competing detoxification pathways,
The balance between metabolic activation and detoxification differs among individuals and affects
their cancer susceptibility. Persons with higher carcinogen activation and lower detoxification
capacity have the highest risk of developing cancer. Metabaolic activation of carcinogens leads to the
formation of DNA adducts. A DNA adduct is formed when carcinogen metabolites bind to DNA,
DMA adducts are absolutely central o the carcinogenic process. If their formation is inhibited or
blocked, so is the carcinogenesis. If DNA adducts escape cellular repair mechanisms and persist,
they may lead to miscoding, persisting in permanent mutations. Cells with damaged DNA may be
removed by apoptosis or programmed cell death. If a permanent mutation occurs in a critical region
of an oncogene (genes that stimulate cell division) or tumor suppressor gene (genes that prevent
cell division), it can lead to activation of the oncogene or deactivation of the tumor suppressor gene.
Multiple events of this type may lead to cells that have lost normal growth control mechanisms and
eventually become cancer [6,7]. Furthermore, smoking may impair the immune system, further
increasing the risk of cancer [8].

19.2.2 CarpiovascULAR DISEASE

Tobacco use is an important cause of acute myocardial infarction worldwide, especially in men [9].
It has been estimated that more than one in every 10 cardiovascular deaths in the world in the year
2000 were attributable to smoking [10]. Quitting smoking will reduce all-cause mortality by 36%
among patients with coronary heart disease CHD. [11]. Smoking increases the risk for both isch-
emic and hemorrhagic stroke and contributes to 129 o 14% of all stroke deaths [12].
Epidemiological evidence indicates a positive association between passive or secondhand
smoking and the incidence of CVD [13]. This suggests that even very low levels of cigarette smoke
increases the risk. Exposure to environmental tobacco smoke causes a 25% increase in risk of isch-
emic heart disease. This large effect of such a small exposure is mainly explained by a nonlinear
dose—response relation between exposure and risk of heart disease [14]. It has been shown that

* In this chapter the terms “tobacco” and “smoking” refer to all forms of tobacco smoking: smoking of ciparettes, pipes,
cigars, or bidis which contain tobacco wrapped in the leaf of another plant..
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passive smokers have disproportionately increased levels of fibrinogen and homocysteine which are
two biomarkers of CVD risk. [15]. Nicotine, and its major metabolites cotinine, carbon monoxide,
and thiocyanate are the main hiochemical factors responsible for cardiovascular harm [16].

Cigarette smoking impacts all phases of atherosclerosis from endothelial dysfunction to acute
clinical events, which are largely thrombatic. Vasomotor dysfunction or impairment of the vasodi-
latory function, inflammation which is an essential phase, and modification of the lipid profile are
components of initiation and progression of artherosclerosis. These three phases precede clinical
events. Furthermore, cigarette smaoke is associated with dysfunctional thrombohemostatic mecha-
nisms (platelet dysfunction, alteration of antithrombotic and prothrombotic factors, and alteration
in fibrinolysis) that promote the initiation and progression of thrombus formation and limit its effec-
tive dissolution [17].

Most of the dysfunctions described above can be explained by oxidative stress, which is a con-
sequence of smoking [17]. The anatomical and ultrastroctural cardiovascular changes due to smok-
ing are named “smoke cardiomyopathy™ [16].

19.3 FRUIT AND VEGETABLE CONSUMPTION IN THE ELDERLY

The intake of fruit and vegetables is often lower than the recommended five or more servings
daily. Only 33.3% + 4.9% of the female U.5. population older than 70 met that recommendation in
1999-2000; for the male population older than 70, this was 55.9% = 4.4% [18].

19.4 EFFECTS OF FRUIT AND VEGETABLE CONSUMPTION

A diet of at least 400 grams per day of total fruit and vegetables. has often been promoted as
reducing chronic disease risk. However, the epidemiclogical evidence is not as convincing as was
anticipated. In general, cohort studies provide weaker evidence than do case control studies [19].
The differences in result may be partly explained by bias. Retrospective studies are more prone
to several types of biases, which may lead to an overestimation of the association, such as (recall
bias recall of diet is biased by the diagnosis), selection bias (controls who are willing to partici-
pate may be health conscious and thus consuming more fruits and vegetables than those who are
not) and bias due to the change of diet and lifestyle following CVD events or being diagnosed
with cancer.

19.4.1 ErrecT oN CANCER

The consumption of fruit and vegetables probably decreases the risk of several cancers. This was
the conclusion of the largest project ever to investigate the association between diet and cancer,
performed by the World Cancer Research Fund (WCRF) and the American Institute for Cancer
Research (AICR) [20]. All available evidence was accumulated in one report that concluded that
the intake of fruits as well as vegetables decreases the risk of cancers of mouth, pharynx, larynx,
esophagus, and stomach. In addition, fruit also reduced the risk of lung cancer. The strength of
association was labeled probable, which means there is still uncertainty in the causal relationship,
In addition, a suggestive protective association was found between vegetables and cancers of the
nasopharynx, lung, colorectum, ovary, and endometrium and between fruit and cancers of the naso-
pharynx, pancreas, liver, and colorectum.

Based on this report, the WCRF and AICR recommends everybody to consume at least five
portions/servings (at least 400 g or 14 oz) of a variety of nonstarchy vegetables and fruits every day
[20].
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19.4.2  Errect on CarDiovascuLar DisEAsE

Fruit and vegetable consumption seems to be inversely associated with the occurrence of CHp
[19,21] and with a reduced risk of stroke [22]. A high daily consumption (400-500 grams) of fresh
fruit and vegetables is recommended to reduce the risk of CHD, stroke, and high blood pressyrs
[23]. Few studies have focused on the elderly. A study among 3588 men and women aged 65 years
or older found no association between fruit and vegetable fiber intake and incident CVD [24]. Iy
contrast, a study among 1299 elderly Massachusetts residents found that residents consuming more
carotene-containing fruits and vegetables had lower risk of cardiovascular mortality and myocar-
dial infarction [25]. The global mortality attributable to inadequate consumption of fruit and veg-
etables was estimated to be up to 2,635 million deaths per year [26]. Increasing individual fruit and
vegetable consumption to up to 600 g per day could reduce the burden of ischemic heart disease by
31% and ischemic stroke by 19%.

Although no trials have assessed the intake of fruit and vegetables on primary prevention of
CHD, there is some evidence on secondary prevention. Ornish et al. 1998, investigated the effect
of intensive lifestyle changes in patients with moderate to severe CHD [27]. Lifestyle changes con-
sisted of 10% fat whole foods, a vegetarian diet, aerobic exercise, stress management training,
smoking cessation, and psychological support for 5 years. The authors concluded that more regres-
sion of coronary atherosclerosis occurred after 5 years than after 1 year in the experimental group.
In contrast, in the control group, coronary atherosclerosis continued to progress and more than
twice as many cardiac events occurred.

19.5 INTERACTION BETWEEN FRUIT AND VEGETABLE
CONSUMPTION AND SMOKING

Chronic diseases are likely to be caused by a combination of environmental factors, genes, and
their interaction. For example, only 15% of lifelong smokers in the Western world will develop lung
cancer before the age of 75 [28]. This suggests that other factors than smoking alone affect the risk
of developing lung cancer.

This section reviews the interaction between fruit and vegetable consumption and smoking. For
example, is the protective effect of fruit and vegetables different for smokers than for nonsmokers?
Are the antioxidant mechanisms found in fruit and vegetables more important in the presence of
high levels of oxidizing DNA-damaging free radicals smoking [29]7 And, is the detrimental effect
of smoking different for persons who eat more than the recommended five daily servings of veg-
etables and fruits compared with those who eat less?

19.5.1  InTERACTION WITH CANCER

Tobacco-specific nitrosamines and polyeyelic aromatic hydrocarbons undergo activation and detox-
ification processes that are controlled by antioxidants such as quercetin in vegetables and sulfora-
phane in broceoli [30].

19.5.1.1  Lung Cancer

Several studies assessed the effect of fruit and vegetables in smokers and nonsmokers, but the results
on a possible interaction are equivocal. A case-control study found a protective effect of vegetables
and apples on lung cancer risk among smokers, but not among nonsmaokers [31]. Another case-con-
trol study found a fivefold increased risk in lung cancer for smokers reporting a low consumption
compared with never smokers reporting high intake of fruit and vegetables, [32]. A large prospec-
tive cohort found that lung cancer incidence was lower in smokers with high vegetable intake than
in those with a low intake [33]. In contrast, a Swedish case-control study found a protective effect of
vegetable consumption on lung cancer risk among both nonsmokers and smokers including former
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smokers, [34]. Based on a pooled analysis of eight prospective studies, it was suggested that risk of
lung cancer in never smokers with high consumption of fruit is decreased by 41% compared with
those consuming less fruit. However, this association was not significant. Weaker associations were
observed among current and past smokers, while vegetable consumption was negatively associated
with lung cancer risk only among current smokers [35].

19.5.1.2 Other Cancers

The risks estimated of tobacco use on the occurrence of gastric cancer seems to be higher among
those with low fruit consumption than among frequent fruit-eaters [36]. The protective effects of
carotenoids on bladder cancer risk has been found to be confined largely to ever-smokers and were
stronger in current than ex-smokers [37]. A case control study suggested that by increasing the daily
fruit consumption, the risk of ever-smokers for developing bladder cancer decreased; however it
still remained significant [38]. Even in the presence of heavy smoking, a high fruit and vegetable
consumption is protective for the risk of head and neck cancer. Forty percent of the cases among
ever-smokers appears to be related to the interaction of both risk factors [39].

However, a pooled analysis of two prospective cohort studies found no association between fruit
and vegetable consumption and overall cancer risk among never, past, or current smokers except for
cruciferous vegetables among male current smokers [40].

A randomized trial investigated the ability of dietary changes in particular diets rich in cru-
ciferous vegetables and flavanoids to increase urinary antimutagenicity and inhibit DNA damage
in healthy male smokers at least 15 cigarettes/day for the last 10 years. The data suggested that
adherence to a diet rich in cruciferous vegetables and flavanoids was associated with a decrease
in adducts after 1 year. However, the authors conclude that smoking is the most important single
preventable cause of cancer and that it is unlikely that dietary habits can substantially counteract
its effects [41].

19.5.1.3 Cardiovascular Disease

Interaction between fruit and vegetable consumption and smoking for CVD is sparsely examined.
To the best of our knowledge, no epidemiological studies assessed whether the effect of smoking
on CVD was modified by fruit and vegetable intake. In contrast, several cohort studies assessed
whether the effect of fruit and vegetable intake on CVD was modified by smoking. Two cohort stud-
ies and a pooled analyses based on two other cohort studies suggested that the protective association
was more apparent in current smokers [40,42 43], although the evidence on interaction was weak, if
presented. Another cohort observed no clear interaction between smoking and fruit intake [44].

19.6 CONFOUNDING OF THE INTERACTION

As stated above, cohort studies typically provide weaker evidence on the association of fruit and
vegetables with chronic disease than do retrospective studies. In addition, results of observational
studies may not be confirmed in clinical trials. This has, for example, been shown the relationship
between f-carotene and lung cancer. Observational studies showed a protective effect of carot-
enoids on lung cancer, especially in smokers [46]. However, randomized controlled studies failed to
demonstrate reduced lung cancer incidence after prolonged [-carotene supplementation, and even
suggested the possibility of harm [47,48]. Bias may partly explain why an effect found in observa-
tional studies is not apparent in randomized clinical trials.

19.6.1  AssessMmenT OF FRuIT anD VEGETABLE CONSUMPTION

The consumption of fruit and vegetable is difficult to measure. Estimates of fruit and vegetable
intake and disease associations may differ depending on the method used to assess fruit and
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vegetable intake [49]. For example, food frequency questionnaire-based measures of fruit and veg-
etable intake have limitations, primarily due to their imprecise assessment of vegetable intake [50).
Also, the majority of observational studies, even cohort studies, note a dietary assessment only at
baseline. Any changes to the diet will, therefore, not be taken into account, which may bias the
estimate of association.

19.6.2 CrusterinG oF UNHEALTHY BEHAVIORS

Consumption of fruit and vegetables is typically connected with behavior that is associated with
a reduction of cardiovascular and cancer risk. For example, individuals who eat more fruit and
vegetables are likely to have lower rates of smoking, a lower intake of salt and saturated fat, higher
levels of physical activity, and are less likely to be overweight [44]. Such a clustering of healthy
behavior was reported in a European study with subjects aged 60 years or more [51]. Smokers com-
monly have higher intakes of energy, total fat, saturated fat, cholesterol, and alcohol, and lower
intakes of unsaturated fat, fiber, vitamin C, vitamin E, and B-carotene than nonsmokers [52]. Thus,
smokers typically have dietary patterns that further exacerbate their smoking-related risk of cancer
and CVD, making it difficult to estimate the effect of a single food or nutrient.

19.6.3 ResipuaL CONFOUNDING

Inadequate control of confounding may lead to an overestimation of the protective effect of fruit
and vegetable consumption in smokers. Especially relevant in this respect is residual confounding,
which refers to confounding due to measurement error in a known confounder that is included in a
model [33]. This could, for example, arise when results are adjusted for smoking status yes versus
no. instead of pack-years, but also when self-reported smoking status is used instead of a biomarker,
The risk on residual confounding is especially great when investigating a disease with a very strong
risk factor such as lung cancer and smoking, that is inversely associated with the exposure of inter-
est such as fruit and vegetable consumption. or when the exposure of interest is weak compared with
the confounder [54]. A simulation study suggested that biases in assessment of smoking exposure
between smokers with low versus high f-carotene intake, leading to residual confounding, may
plausibly explain much of the observed protective effect of f-carotene levels seen in epidemiologi-
cal studies [35]. Carefully controlling for residual confounding is indicated in observational studies.
After stepwise adjustment for smoking status, duration of smoking, and amount of cigarettes per
day, a cohort study found that the negative associations between fruit and vegetable consumption
and lung cancer attenuated and remained significant only for people in the highest quartile of veg-
etable consumption [54].

19.7 BIOCHEMICAL PLAUSIBILITY OF THE INTERACTION BETWEEN
FRUIT AND VEGETABLE INTAKE AND SMOKING

Smoking induces oxidative stress. One “puff™ exposes the smoker to more than 10 free radicals and
additional free radicals and oxidants are found in the tar [56]. Antioxidants are the best protectors
of the damage caused by oxidative stress. Two of best-documented categories are the carotenoids
and the bioflavonoids. The carotenoids can be found in highly colored fruit and vegetables such as
carrots, tomatoes, peppers, and grapefruit. Flavonoids are found in a wide variety of foods—not
necessarily colored—such as grapes, cherries, and tea [57]. As mentioned above, clinical trials
showed no association between carotene supplements and cancer risk. It has been argued that the
complex mixture of micronutrients found in a diet high in fruit and vegetables may be more effec-
tive than large supplemental doses of a small number of micronutrients [58]. Future clinical trials
should therefore focus on dietary patterns and not on specific vitamins or even food items.
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It has been shown that blood concentrations of antioxidants are lower in smokers than in non-
smokers. This difference remains after adjustments for dietary differences. It is suggested that this
relates to the inflammatory changes due to smoking that are associated with an increased turnover
of vitamin C and carotenoid-containing foods [56]. Furthermore, chronic smoking leads to deple-
tion of trace elements such as selenium or zinc, and by interference with the transcription of redox-
relevant enzymes. This followed by an up regulation of antioxidative enzymes and factors e.2.,
gluthathione. After years of smoking, metal catalysts for oxidation reaction accumulate in the vessel
wall, and accelerate oxidation reactions, which finally lead to a permanent oxidative deterioration
of the cardiovascular system [59]. It is recommended that supplements of trace elements and metal
chelating and detoxifying agents should be added to antioxidant supplementation in order to reduce
CWD in chronic smokers [59].

Low penetrant genetic conditions may be involved in processes related to diet and smoking.
These conditions strongly influence the individual biologic respanse to environmental carcinogens,
which results in a lower or higher susceptibility for certain diseases. In such cases, it can be rea-
soned that the protective effect of fruit and vegetables, which are important sources of antioxidants,
depends on a person’s genotype in addition to the amount of oxidative stress. Oxidative stress is a
consequence of cigarette smoking. Genetic polymorphisms leading to fast metabolization of smok-
ing carcinogens could lead to less DNA damage from oxidative stress. Hence, the protective effect
of the dietary antioxidants may be less in persons of the genotype “fast metabolization.” Thus,
some subgroups defined by genotype and phenotype may benefit more from dietary strategies. The
protective effect of cruciferous vegetable consumption on the risk of myocardial infarction among
persons with the GSTTI*] allele was greater for current smokers than for non-smokers genetic
polymorphism x diet x smoking interaction, It seems that persons with an low functioning GSTT!
allele may benefit more from the protective effects of cruciferous vegetables than those with higher-
activity genotype because the isothiocyanates could remain in the body longer [45]. The field of
gene—nutrient interactions is currently under development.

19.8 CONCLUSION

Smoking increases the risk of chronic diseases such as cancer and CVD. The intake of fruits and
vegetables seems to have a modest protective effect on the ocourrence of these diseases. However,
this has been investigated only in observational studies and bias may partly explain the protective
azsociation found,

The consumption of fruit and vegetables seems to have a beneficial effect on some cancer risk
in smokers. Such an association was weaker, if present, in CVD. To date, no long-term interven-
tion study has determined that increasing fruit and vegetable intake resulted in a decrease in heart
disease and cancer incidence and mortality among smokers [60].

The importance of smoking cessation, even at an older age, has been demonstrated. Adhering
to a healthy lifestyle in middle age has been shown to lead to a reduction in CVD risk and mortality
[61]. Up to 92% of the myocardial infarctions in postmenopausal women may be prevented by con-
suming a healthy diet high intake of fruit and vegetables, whole grains, fish, and legumes. in combi-
nation with moderate alcohol consumption, being physically active, not smoking, and maintaining
a healthy weight [62]. Persons who adhere to a Mediterranean type of diet rich in plant foods and
cereals and with olive oil as an important fat source, and maintain a healthy lifestyle of nonsmok-
ing, moderate alcohol consumption, and at least 30 minutes of physical activity per day, are less
likely to die from all-cause and cause-specific mortality even at ages 70 to 90 years [63].

In conclusion, there is insufficient evidence that increased fruit and vegetable intake can be a
substitute for smoking cessation. Therefore, the advice to quit smoking should remain the mainstay
of a healthy lifestyle for everybody.
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