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PART I: REVIEW OF LITERATURE

1) THE EFFECTS OF DIET ON DISEASE

A) DIET HAS BEEN EXTENSIVELY LINKED TO CHRONIC DISEASE AND SPECIFIC DIETARY

RISK FACTORS HAVE BEEN ESTABLISHED INCLUDING LOW INTAKE OF FRUITS AND

VEGETABLES.

Introduction

Extensive research has led to consensus views that dietary habits are, among other lifestyle
factors, major risk factors for a number of chronic diseases including certain cancers,
cardiovascular disease (including hypertension, stroke, and coronary artery disease), type 2
diabetes, and obesity. A recent series of reviews in Public Health Nutrition (Nishida 2004b)
highlights the role of diet in these diseases and is supported by other independent reviews (Glade
1999).

Generally, energy balance appears to be an important factor across many of these diet-related
chronic diseases (DR-CDs). Dietary fats play a significant role as the most energy-dense
macronutrient in the diet, and some dietary fats have been found to play more specific roles in
specific diseases. While the role of dietary fat has been explored for more than 60 years now and
has long been associated with DR-CDs, the role of fruits and vegetables in chronic disease
prevention has only begun to emerge more recently. Although intake of these fruits and
vegetables has strong epidemiologically links to chronic disease risk, the physiology of exactly
which constituents (e.g. phytochemicals, fiber, energy density) confer which biological effects is

the subject of much current research.



The Role of Diet in Obesity

The etiology and role of diet in many chronic diseases is complex and interrelated. For
example, it is generally agreed that a positive balance in the number of calories consumed vs. the
number of calories expended leads to weight gain. Overweight and obesity, in turn, are
independent risk factors for certain cancers, cardiovascular disease (CVD), and type 2 diabetes
(DM2). The common constellation of metabolic changes which include glucose intolerance,
central obesity, hypertension, and dyslipidemia (decreased high-density lipoprotein cholesterol,
elevated triglycerides) is termed the metabolic syndrome. This syndrome is associated with a
three fold increase in DM2, and a two fold increase in CVD, and the term emphasizes the
etiological interrelatedness of these diseases (Zimmet 2005).

It is generally agreed that regular physical activity, high-fiber diet, and high intake of dietary
non-starch polysaccharides serve to protect against excess weight gain by increasing energy
expenditure, decreasing caloric intake, and decreasing glycemic load of the diet respectively.
Conversely, sedentary lifestyle and high intake of energy-dense, micronutrient-poor foods such as
soft-drinks and sweetened fruit juice are established risk factors for excess weight gain because
they oppose the metabolic mechanisms mentioned above. More recently, social factors such as
supportive home and school environments, heavy marketing of energy-dense foods, and adverse
social and economic conditions have been implicated as protective or risk factors for obesity
(Swinburn 2004).

As plant-based diets have relatively low calorie density and high nutrient dens‘ity, fruits and
vegetables have the potential to play an important role in reducing energy intake while promoting
satiety. Limited evidence of dietary interventions which specifically incorporate fruits and
vegetables suggest that coupling advice to decrease total energy intake with advice to increase
fruit and vegetable consumption is a particularly effective strategy for weight management (Rolls

2004).



The Role of Diet in Cancer:

Most major cancers are influenced by dietary habits (Go 2004). Over the past decade, the role
for positive energy balance and obesity in the etiology of cancer have been strengthened and it
has been suggested that consumption relative to expenditure may be the most important dietary
factor for cancer in Western countries; however, a specific role for dietary fat or dietary fiber,
beyond their roles in increasing and decreasing energy consumption, is no longer supported
(McCullough 2004). Overweight and obesity increase the risk for cancers of the esophagus,
colorectum, breast (postmenopausal), endometrium, and kidney.

Certain dietary components have been found to increase the risk of some cancers (see Table
1.1) (Key 2004). These include alcohol, aflotoxin, salted fish and other salt-preserved foods,

preserved and red meats, and very hot food and drinks.

Table 1.1 Dietary components which increase the risk of
site-specific cancers (Adapted from Key 2004).

Dietary Components Sites of Increased Cancer
Risk
Alcohol Oral cavity, Pharynx,

Esophagus, Liver, and
Breast(small increase)
Aflotoxin Liver

Chinese-style salted fish Nasopharynx
Preserved meat and red Colorectum, prostate
meat (probable)

Salt preserved foods and | Stomach (probable)
high salt intake
Very hot food and drinks Oro-pharynx, esophagus
(probable)

Fruits and vegetables, on the other hand, appear to decrease the risk for gastrointestinal
cancers (mouth, pharynx, esophagus, stomach, colorectum, pancreas and possibly the larynx and
kidney) as well as lung cancer (Key 2004) (Liang 2004) (Steinmetz 1996), though the effect size
may be more moderate than first believed (McCullough 2004) (van’t Veer 2000). More
specifically, fruits appear to decrease the risk for bladder cancer and vegetables for ovarian

cancer (IARC 2003) (Lock et al. 2005).



While it is suspected that particular micronutrients such as phytochemicals may be partially
responsible for the cancer-protective effects of certain foods, especially fruits and vegetables, few
micronutrients have been definitively shown to have significant effects (Heber 2004). However,
folate deficiency, due to its role in DNA synthesis and methylation, has a strong causal effect in

the development of colorectal, breast, uterine, and cervical cancers (McCullough 2004).

Role of Diet in Type 2 Diabetes

As in cancer, there is convincing evidence that positive energy balance increases the risk of
developing type 2 diabetes mellitus (DM2) as body mass index (BMI) is associated with DM2 in
a dose-dependent manner (Klein 2004), and overweight is the most important single risk factor
for DM2 (Parillo 2004). Physical inactivity is also associated with an increased risk of DM2.
Conversely, adults who are physically active and who maintain a normal BMI throughout
adulthood have a decreased risk of DM2, and overweight adults with impaired glucose tolerance
who lose weight voluntarily decrease their risk for DM2 (Steyn 2004),

It appears probable that a high intake of saturated fat and intrauterine growth retardation also
increase this risk while non-starch polysaccharides are likely associated with a decreased risk.
Though existing evidence is only suggestive, it is possible that omega-3 fatty acids, low glycemic
index foods, and exclusive breastfeeding may be protective while total fat and trans-fat intake
may contribute to the risk (Steyn 2004).

A role for fruits and vegetables in the prevention of DM2 has also recently emerged. A
recent 20 year prospective cohort study found hazard ratios for development of DM2 in those
consuming 5 or more fruits and vegetables a day to those consuming none was 0.79 (95% CI,

0.59-1.06) after adjustment for a host of physiologic and social variables (Ford 2001).



Role of Diet in Cardiovascular Disease

“Diet and nutrition have been extensively investigated as risk factors for major cardiovascular
diseases (CVD) such as coronary heart disease (CHD) and stroke beginning in the late 1940°s
with the Twin Cities Study and the Framingham Study (Schneeman 2003).

The interrelation between diet and various chronic diseases is further elaborated when
examining other DR-CDs as major risk factors for CVD. As described above, factors of the
metabolic syndrome (obesity, high blood pressure and diabetes) are independent risk factors for
CHD and are themselves partially determined by dietary habits. Further, there is sufficient
evidence to link several nutrients, minerals, and food groups with risk of CVD. Beyond the role
played in energy balance, some dietary fats (trans-fats and saturated fats) are associated with an
increase in the risk of CHD, while others (polyunsaturated fats) are protective. Dietary sodium
has long been associated with increased blood pressure which increases the risk of CVD while
dietary potassium lowers the risk of hypertension and stroke (Reddy 2004). Simple
carbohydrates with a high glycemic load have also been associated with increased risk of CHD
(Liu 2000).

Frequent intake of fruits and vegetables appears protective against hypertension, CHD and
stroke (Reddy 2004). Recent prospective cohort studies have shown that, even after adjusting for
standard cardiovascular risk factors, persons in the highest quintile of fruit and vegetable intake
have a 20% to 30% reduced risk of CVD compared to cohort members in the lowest quintile.
(RR for CVD was 0.68 [95%CI 0.51, 0.92]; RR for CHD was .80 [95%CI .69-.93]; and RR for
stroke of 0.69 [95%CI 0.52-0.92]) (Liu 2000; Joshipura 2001: Joshipura 1999). Each 1-serving
per day increase in intake of fruits or vegetables was associated with a 4% lower risk for CHD
and a 6% lower risk for stroke (Joshipura 2001; Joshipura 1999). Similar findings for peripheral
vascular disease became insignificant after adjusting for common risk factors (Hung 2003).
Green leafy vegetables, and vitamin C-rich fruits and vegetables contributed most to the apparent

protective effect of total fruit and vegetable intake (Joshipura 2001).



Role of Mothers’ Diet in Chronic Disease

Beyond the effects that a person’s diet has on that individual, poor diet may have multi-
generational effects on chronic disease and health status.

Mother’s diets have been shown to be significant determinants of fetal birth-weight via both
overall dietary quality and specific nutrient deficiencies such as folate deficiency and n-3 fatty
acid deficiency. Low birth weight, in turn, is independently a risk factor for a variety of adult
chronic diseases such as hypertension, diabetes, abdominal obesity, and coronary heart disease.
When these children become mothers themselves, those with chronic diseases are more likely to
bear low birth weight infants thus continuing the cycle (James 1997).

There has been significant exploratory research into the possibility of environmental
imprinting “i.e. exposure in early life or even prenatally that predisposes individuals to later
obesity” (Oken 2001, p285). Multiple studies in a number of western countries have examined
infant birth weight and found clear associations between being born large for gestational age and
the risk of becoming overweight later in life. Less intuitively, however, the smallest babies have
also been found to have an increased risk for obesity, especially central obesity, in adolescence
and later in life. Central obesity, in turn, has been shown to be a strong, independent risk factor

for the development of metabolic syndrome (Oken 2001).

Role of Diet in Other Chronic Diseases

Beyond the established role of diet in the diseases described above, there is a possible role of
low fruit and vegetable intake in the risk for COPD, cataract formation, diverticulosis, and
hypertension (Van Duyn 2000). Functional declines associated with aging and all cause mortality
have been associated with low fruit and vegetable intake as well (Heber 2004).

In many poor countries, two other nutritionally-related chronic disease states are particularly
significant. The original Global Burden of Disease Project identified protein-calorie malnutrition

as the single greatest contributor to overall disease burden (15%), and despite a decrease in



prevalence in most of the world, this form of malnutrition continues to contribute the greatest
dietary burden of disease globally (Lock 2005). Relatedly, one-third of the world’s population is
affected by vitamin and mineral deficiencies and is thereby subject to infection, birth defects and
impaired physical and psycho/intellectual development (WHO 2000).

Also significant in many poor countries, is the increased burden of dental carries caused by
poor diet. Protein-calorie malnutrition can affect the teeth during development and may
exacerbate periodontal and oral infectious diseases, but the most significant effect of diet on teeth
is the local action of dietary sugars and acids (a major source of which is soft drinks) in the

development of dental caries and enamel erosion (Moynihan 2004).

B) NUTRITION-RELATED CHRONIC DISEASE ACCOUNTS FOR A SIGNIFICANT BURDEN OF

DISEASE IN THE US AND IN LOW INCOME, MIDDLE INCOME COUNTRIES

Introduction

Many of the nutritionally-related chronic diseases described above constitute the major
chronic diseases of the United States and other developed countries. These diseases have been
the major causes of morbidity and mortality in many western countries for the last century and are
increasingly important in middle income and developing countries as they undergo similar,
though often more rapid, demographic, epidemiologic and nutritional transitions. Worldwide,
DR-CDs (cardiovascular disease, diabetes, stroke, and cancer) account for 38% of the 57 million

annual deaths representing 19% of the total life-years lost (WHO 2002).

The Demographic, Epidemiologic, and Nutrition Transitions
As described by Omran (Omran 1977), the mortality decline in the US occurred during the

latter 19th century and marked a shift from pandemics of infection to degenerative and man-made

diseases. In 1900 the percentage of total deaths due to communicable diseases was 53%, but by



1970, this proportion had dropped to 6%. Little of this decline was due to medical progress,
sanitation measures, or organized health services. More important determinants were
improvements in living standards, personal hygiene, nutrition, housing, and ecologic recession of
certain diseases. Certain infectious diseases may have lessened in virulence and occurrence
through ecological means which are not entirely known.

However the proportion of deaths due to chronic disease increased over this time. “As the
risk of dying from infectious diseases is reduced for a population, those saved from dying from
such diseases survive into middle and older ages where they face the risk of dying from [chronic]
diseases” (Olshansky 1986). For example, the proportion of deaths due to heart disease increased
from 8.0% in 1900 to 39% in 1970 and for cancer, proportional mortality increased from 4% in
1900 to 17% in 1970 (Omran 1977).

The change from a pattern of high prevalence of infectious diseases associated with
malnutrition, and periodic famine and poor environmental sanitation, to a pattern of high
prevalence of chronic and degenerative diseases associated with urban—industrial lifestyles was
first described by Omran (Omran 1977) and is termed the Epidemiologic Transition. A third
pattern of delayed degenerative diseases has been observed more recently as some countries have
had success at delaying the onset of chronic diseases in their populations (Olshansky 1986).

Accompanying this progression is a major shift in age-specific mortality patterns and a
consequent increase in life expectancy. In some countries, a shift from a pattern of high fertility
and high mortality to one of low fertility and low mortality (typical of modern industrialized
countries) has taken place and is termed the demographic transition (Olshansky 1986).

Nutritional Transition theory has been developed to describe the changes in food
consumption that accompany and are interrelated to these demographic and epidemiologic
changes. While 5 patterns of nutrition across time and space have been described (collecting
food, famine, receding famine, nutritionally-related non-communicable disease, and behavioral

change) (Popkin 2002), current focus is usually on the latter three patterns as many low- and



moderate-income countries of the world move rapidly from the stage of receding famine to the
stage of nutritionally-related non-communicable diseases, and many equate the term Nutrition

Transition with this shift.

Recent Trends in Chronic Disease and Life Expectancy in the US

As noted in epidemiologic transition theory, as childhood infectious disease rates were
reduced, chronic diseases came to dominate as causes of mortality during the second half of the
20™ century in the United States. During this period, heart disease and stroke were the first and
third leading causes of death respectively, and cancer was the second leading cause of death
throughout the period (NCHS 2004).

Prevalence of these chronic diseases has continued to increase as the US population ages
despite stagnation or reduction in the incidence of these diseases. In 2002 life expectancy at birth
for the US population reached a record high of 77.4 years, up from 75.4 years in 1990. However,
men and women in many other countries have longer life expectancies than in the US For
example, in 1999 life expectancy at birth in Japan was more than 3 years longer for men and
more than 4 years longer for women than in the United States (NCHS 2004).

The reduction in mortality over the last half of the 20" century was driven primarily by
declines in mortality for such leading causes of death as heart-disease (59% decline 1950-2002),
stroke (69% decline 1950-2002), and unintentional injury as well as in infant mortality (NCHS
2004). Factors which have contributed to the decline in heart disease and stroke mortality include
better control of risk factors, improved access to early detection, and better treatment and care
(NCHS 2004). Risk factor reduction includes a substantial decline in cigarette smoking, better
lifestyle and pharmacological management of hypertension and dyslipidemia, and improvements
in diet (MMWR1999).

Trends in cancer are more complex. Age adjusted mortality rates rose from 1960 to 1990 and

have since reversed direction. While overall cancer incidence rates have been falling since 1990



(driven by a reduction in lung cancer incidence), incidence rates for individual cancers show
mixed changes (NCHS 2004). It is unclear how these changes relate to changes in dietary habits
on a national level.

Many authors have warned that while gains in the areas of heart disease, stroke and cancer
are heartening, these areas may be off-set by a new epidemic of obesity. The percent overweight
and obese changed little from 1960 to 1980, but data from 1988-2002 show substantial increases
in overweight and obesity among adults. In 1999-2002, 65% of adults were overweight with 31%
obese. The increases in obesity are closely paralleled by increases in the rates of type 2 diabetes.
Data from the National Health Interview Survey show a four fold increase in the prevalence of
diagnosed diabetes over the latter half of the 20™ century, and the most recent data from the
National Center for Health Statistics show that approximately 9.1% of the US population had

type 2 diabetes during 1999-2002, up from 8.4% during 1988-1994 (NCHS 2005).

Recent Trends in Nutrition and Chronic Disease Worldwide

While DR-CDs were once referred to as diseases of affluence, for decades this has not been
true in higher-income countries, and this is increasingly not the case in the lower- and middle-
income countries. Overall, four-fifths of the world’s burden of DR-CD comes from the low- and
moderate-income countries, and many low- and middle-income countries have now attained rates
of overweight and obesity greater than or equal to those of the US and Western Europe (Popkin
2002). Further, many households in developing countries are now experiencing both under- and
overweight in the same home as urbanization and changes in income structure create complex
changes in dietary and social behaviors (Popkin 2002).

Modern societies appear to be converging on a pattern of diet high in saturated fat, sugar and
refined foods and low in fiber which is often termed the ‘Western diet” (Popkin 2002). In
Mexico, Brazil, Venezuela and other Latin American countries, diets have diversified and the

proportion of animal protein in the diet has risen improving diets, especially for the poor.
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However, these modern transitions have also introduced processed foods and sedentary lifestyles.
Along with the changes in food patterns, changes in morbidity and mortality rates have taken
place as well; for instance, the prevalence of diabetes has recently doubled. Similarly, as China
undergoes its own nutritional transition, rates of hypertension, obesity, and stroke are increasing
there as well. In contrast, the nutritional transitions of Japan and South Korea resulted in
improved nutrition without causing severe increases in obesity or DR-CDs, probably because the
traditional diet was essentially maintained as new food products were introduced (Bengoa 2001).
Thus while much of the world is experiencing debilitating effects of modern nutritional changes,

opportunities do exist to guide such changes in a healthy and productive direction.

C) SES AND RACE ARE IMPORTANT DETERMINANTS OF POOR HEALTH INCLUDING CHRONIC

DISEASE.

Unequal Distribution of Poor Health

Despite increased lifespan and reduction in the incidence of both infectious and some chronic
diseases in developed countries, these improvements have not been equally distributed by
incoime, education, and race/ethnicity, and geography. Importantly, from a social justice
standpoint, dietary-related chronic diseases have a greater impact in poor and minority groups
throughout the life course.

While low income and poverty have long been associated with poor health status and
increased mortality rates, Marmot was the first to demonstrate a graded relationship between
socio-economic status and several chronic diseases. This gradient has now been observed in
different countries and for almost all causes of morbidity and mortality as well as for important

health risk factors such as tobacco, obesity, and blood cholesterol levels (Dubois 2001).
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Mortality rates also vary by educational attainment. In 2002 the age-adjusted death rate for
persons 25—64 years of age with fewer than 12 years of education was 2.7 times the rate for
persons with 13 or more years of education (NCHS 2004).

In the US, race is intricately linked with poverty, education, and geography, and has also been
a focus of health disparity research. In 2002 more than one-half of black and Hispanic children
under 18 years or 65 years and over were either poor or near poor (NCHS 2004). Death rates for
African Americans exceed those for whites of the same gender for each of the top causes of
mortality and are especially severe for infant mortality. This has been true throughout US
history, but the excess mortality experienced by black persons has exhibited marked fluctuation
ranging between 45% and 75% over the 20™ century. This disparity peaked in the late 1920s and
early 1930s, then declined until the mid 1960s and has since been rising (Gaylen 1997).
Similarly, disparities in mortality rates on the basis of income and education have also increased
over the years 1960 to 1986 (Gaylen 1997).

In 2002 age-adjusted death rates for the black population exceeded those for the white
population by 41% for stroke. 30% for heart disease, 25% for cancer, and more than 75% for
HIV/AIDS. Similar disparities can be seen in breast cancer mortality. prostate, lung, and
colorectal cancer incidence, diabetes, and obesity (NCHS 2004). It is generally believed that the
differences in health status by race may be explained by several factors including socioeconomic
status, health practices, psychosocial stress and resources, environmental exposures,
discrimination, and access to health care (NCHS 2004).

Geographic areas have been found to exhibit racial mortality disparities in stark contrast. For
example, a 1990 study found that African American males in Harlem were less likely to reach age
65 than males in Bangladesh, and the mortality rates in African Americans in Harlem were more

than twice those of US whites (Gaylen 1997).
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Nutrition Disparities Help to Explain Health Disparities

Among the many factors causing health disparities, diet has been implicated as one cause of
the overall poorer health of those in lower socio-economic groups (Lynch 1997). The graded
influence of social position on the quality of the diet indicates a possible intermediary role for
nutrition in the distribution of social health inequalities in North America and Britain. Such a
role has been supported by population surveys in Brittan, Canada, and the US which relate lower
socioeconomic status with a number of indices of dietary quality.

For example, a British study found intake of nutrients as a percentage of the recommended
intake to be lower in lower in low-income groups with intakes for many nutrients (iron, calcium,
dietary fiber, folate, and vitamin C) below recommended levels (James 1997).

Likewise, an examination of national survey data from the US and Canada looked at
variations in energy and 26 to 31 nutrients across four indicators of social position: relative
education, income adequacy, working class, and a global socio-economic status scale. There was
a graded association for nearly all of the measures of nutrition across all four of the
socioeconomic indicators leading the authors to conclude that these indices of socioeconomic
status tap a broader construct (Dubois 2001, p371)

Ethnic differences in eating patterns have also been reported. For example, a study by
Neumark-Sztainer found American Indians were at highest risk for inadequate fruit consumption
and African Americans were at greatest risk for inadequate vegetable consumption (Neumark-
Sztainer 1996). A review of disparities in cancer mortality and etiological factors emphasized the
importance of socioeconomic status in explaining Black-White differences in cancer risk and

survival (Polednak 2005).

Food Insecurity has been Associated with Poor Dietary Behaviors

In the US, researchers have more traditionally looked at the relationship between diet and

poverty as it relates to the concept of food security. “Food insecurity implies a limited access to

13



or availability of food or a limited or uncertain ability to acquire food in a socially acceptable
way” (Holben 2004, p238). Food insecurity can result in suboptimal quality of life and health
and its results can be especially severe in children (Holben 2004).

Examination of NHANESIII data indicate that 10.2 million persons living in the United
States experience food insufficiency, a condition in which persons sometimes or often do not
have enough food to eat, and households with children experienced food insecurity at rates
greater than the national average (Dixon 2001). Other characteristics associated with being food
insecure are: having an income below the official poverty line, being headed by a single woman,
and living in a rural area (Holben 2004).

Other analysis of national nutrition data indicate lower intakes of energy, protein, many
vitamins and minerals, and gram amounts of various food groups by children, women of child-
bearing age, and elderly members of food-insufficient households compared to their food
sufficient counterparts (Dixon 2001). Even when receiving combined aid from Food Stamps, Aid
to Families with Dependent Children, and Supplemental Security Income, some poor people have
not been able to meet their nutritional needs (Moorland 2002a).

Despite the wealth of studies describing nutritional disparities, and linking them with
disparities in morbidity and mortality, no research was found explicitly examining trends in

nutritional disparities over time.

Other Health Related Behaviors Also Help to Explain this Disparity

While there is convincing evidence that differences in dietary practices are one mechanism by
which chronic disease rates are increased among persons of low SES, it is important to recognize
other lifestyle factors that also play major roles in DR-CD rates, chief among these are smoking
and physical activity.

As described above, the reduction in smoking prevalence is one of the main factors that has

driven the reduction in heart disease over the latter half of the twentieth century. However, like
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other factors, this reduction has not been equally distributed. In 2002, only 25% of US men and
20% of US women were smokers; however, adults with less than a high school education were
three times as likely to smoke as were those with a bachelor’s degree or more education in 2002
(NCHS 2004).

Also in 2002, the percent of US adults 18 years of age and over who were inactive during
their leisure time increased sharply with age and was higher for women than men. Among adults
18-44 years of age, 30 percent of men and 35 % of women were inactive during leisure time. In
2003, one-third of high school students, about the same as in 2001, did not engage in the
recommended amounts of moderate or vigorous physical activity (NCHS 2004). Likewise, in
Britain, the likelihood of smoking more than 20 cigarettes a day, or being physical inactive were
observed to increase in a step-wise fashion with decreases in social class (James 1997).

However, known biomedical and behavioral risk factors do not explain all of the inequalities
between socioeconomic position and morbidity and mortality leaving the door open for theorizing
about the social, psychological, and other effects of social status and neighborhood characteristics

on health (Krieger 1997; Dubois 2001).

D) POPULATION ATTRIBUTABLE RISK (PAR) QUANTIFIES THE PORTION OF RISK DUE TO

INADEQUATE DIET AND FRUIT AND VEGETABLE INTAKE

Overview of PAR

Estimates have been created to quantify the portion of chronic disease due to dietary factors.
Most commonly, these estimates are expressed in the form of Population Attributable Risk (PAR)
which is the incidence of a disease in a population that is associated with (i.e. attributable to) the
risk factor of interest (Last 2001). These estimates show that changes in dietary habits could

significantly reduce rates of DR-CDs. They also emphasize that, to be most effective, an
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improved diet (high in fiber, vegetables, and fruit and low in meat and fat) should be
accompanied by changes in other major lifestyle risk factors including avoiding smoking, alcohol
use, and weight gain and engaging in sufficient exercise (James 1997, Cerhan 2004).

The total worldwide mortality associated with suboptimal consumption of fruits and
vegetables was estimated to account for 1.8% of the GBD. By comparison, 1.3% of GBD is
attributable to physical inactivity, 2.3% to overweight and obesity, and 4.1% for tobacco. In

developed countries, the attributable mortality was about 7.5% (Lock et al. 2005).

Percent of Cancer Risk Attributable to Diet

In the 1980°s Doll and Peto estimated that 35% (range 10% to 70%) of cancer in the US
could be diet-related (i.e. preventable by practicable dietary means) (Doll 1981), and they later
estimated nutritional factors to contribute to 20-60% of cancers worldwide (Doll 1992).
Following the seminal work of Doll and Peto, a consensus soon emerged among epidemiologists
that diet might be responsible for 30-60% of cancers in the developed world and that the principal
dietary changes required to bring about reduction in cancer incidence were a reduction in the
consumption of fat; an increase in the consumption of fruit, green and yellow vegetables, dietary
fiber, and some micronutrients; and possibly an improvement in the methods of food preservation
(Doll 1981; Doll 1992; Glade 1999; Key 2004).

The strongest evidence for effective dietary cancer prevention is found in studies showing
benefits of eating a substantial amounts and variety of fruits and vegetables. (AICR 1997). Diets
containing substantial and varied amounts of vegetables and fruits were estimated to prevent 20%
or more of all cases of cancer and 11% (95%CI 5-24%) for cancer mortality (Glade 1999).

Estimates for specific cancers have also been made and have consistently shown stomach,
colorectal, and esophageal cancers to have the highest PAR due to diet. The AIRC panel
estimated that stomach and colorectal cancer incidence may be reduced by 66-75% and 50-75%

of esophageal CA may be preventable through dietary means (AIRC 1997; La Vecchia 1996).
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More recent estimates indicate that an increase in fruit and vegetable intake to recommended
levels might reduce gastrointestinal tract cancer incidence by 15%-40% (La Vecchia 2004; Lock
2005).

A detailed review of PARs for each of the major cancers can be found in the 1997 AIRC
report and some more recent studies have been published, but in general, cancers of the mouth
and pharynx, nasopharynx, pancreas, gall bladder, breast, endometrium, and ovary have PARs
due to diet of approximately 30-50%, and 10-20% of the incidence of cervical, prostate, and
bladder cancers may be preventable by dietary means (AICR 1997). Fruit and vegetable intake
specifically may prevent 10-20% of breast cancer and prostate cancer and 20-30% of lung cancers
(AIRC 1997). These findings are supported by other analyses which have used betacarotine
levels as a biomarker for fruit and vegetable intake. (Mezzetti 2000; Negri 1993; La Vecchia

1996)

Percent of CVD Risk Attributable to Diet

While there are a number of studies that quantify the percent of CHD due to cholesterol,
diastolic blood pressure, cigarette smoking, and other risk factors modifiable by dietary and
lifestyle means (cumulative PARs of these factors are approximately 80%), none gives a broader
assessment of the PAR of CHD due to diet. Other CVD endpoints such as ischemic heart disease
and congestive heart failure are similarly analyzed and have PARs for known modifiable risk
factors of approximately 40-70% and 40-60% respectively (Chambless 2003).

A recent study investigating hypertension, a major risk factor for other cardiovascular events,
compared the relative contributions of body weight (PAR 11-25%), physical inactivity (PAR 5-
13%) and dietary factors such as high sodium (PAR 9-17%), low potassium (PAR 4-17%), low
magnesium (4-8%) and low fish fatty acids (3-16%) to the prevalence of hypertension in a variety

of western countries (Geleijnse 2004).
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An evaluation of the Dutch population (van’t Veer 2000) calculated that cardiovascular
deaths (including stroke) could be reduced by 16% [range 6-22%] by increasing average fruit and
vegetable intake from the current 250g/day to the recommended 400 g/day. Similarly, increasing
fruit and vegetable intake to 600g/d was estimated to reduce worldwide burden of disease for

ischemic heart disease by 31%, and ischemic stroke by 19% (Lock 2005).

Percent of Type 2 Diabetes Risk Attributable to Diet

As for cardiovascular disease, although dietary behaviors are risk factors for diabetes, PAR
calculations have focused on more immediate risk factors such as overweight/obesity, lack of
exercise, poor diet, smoking, and alcohol use. Ability to correct these behaviors in the population

is estimated to reduce the incidence of diabetes by as much as 87% (Hu 2001).

Burden of Disease Attributable to Poverty

Given the disparities in health discussed above, it is interesting to look at the effect of income
through the lens of PAR. If poverty had been listed as a cause of death in the United States in
1991, it would have ranked as the third leading cause of death among black men, fourth among
black women, sixth among white women, and eighth among white men. Paralleling trends in
increasing income and racial disparities, the PAR of death due to poverty increased between the

early 1970’s and early 1990’s, especially among black men and women (Krieger 1997).
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E) DIETARY RISK FACTORS HAVE BEEN USED TO CREATE DIETARY RECOMMENDATIONS

INCLUDING INCREASED INTAKE OF FRUITS AND VEGETABLES

“Leave your drugs in the chemist’s pot if you can heal the patient with food.” ~ Hippocrates

(Schneeman 2003)

Evolution of Dietary Recommendations

For the past 150 years dietary recommendations have been based on the sciences of public
health and medicine. During the first half of the 20" century the focus of recommendations was
on sanitation and the prevention of nutrient deficient diseases (Schneeman 2003). This was
particularly applicable as the US was transitioning to an industrial economy and as nutrition
deficiency was a problem for a large portion of the population during the Great Depression.

As evidence emerged linking diet to chronic disease in the second half of the 20" century,
recommendations followed suit (Schneeman 2003). Behavioral risk factor identification has led
to dietary recommendations by many non-governmental organizations focused on specific
chronic diseases (e.g. AHA, NCI, NCEP, NIH, NHLBI, NHBPEP AICR/WCRF, ACS) as well as by
divisions within the US government (e.g. USDA, DHHS). As evidence regarding the etiological
interrelatedness of these diseases has emerged, these groups have joined together to release more
unified recommendations

Recommendations are often categorized into quantitative and qualitative recommendations.
Quantitative recommendations are technical guidelines which focus on determining the adequate
amount of various nutrients (e.g. RDA, DRI) and are used to make population recommendations,
to determine individuals with dietary deficiencies, and to validate food-based dietary guidelines.
Qualitative recommendations express nutrition principles in terms of foods and dietary patterns

and are more appropriate for education and communicating with the public (Schneeman 2003).
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While a complete review of all the relevant dietary guidelines is beyond the scope of this
paper, a brief overview of the USDA Dietary Guidelines will be given to demonstrate the
changing nature of qualitative reccommendations for Americans while focusing on the role of

fruits and vegetables in these recommendations.

USDA Dietary Guidelines

USDA Dietary Guidelines have been published every five years beginning in 1980 (Krebs-
Smith 2001). These recommendations represented a departure from previous “foundation diet”
recommendations like the Basic Four or the Four Food Groups in that in addition to promoting
nutritional adequacy, it attempted to provide recommendations about proportionality and
moderation of all foods consumed — i.e. the “total diet concept” (Dixon 2001a).

Guidelines from the early 1980’s emphasized food components such as fat and fiber stating
“eat foods with adequate starch and fiber” with the intention of substituting calories from fats and
sweets with complex carbohydrates. (Krebs-Smith 2001). Beginning in 1990, the dietary
guidelines were changed to emphasize variety stating “Choose a diet with plenty of vegetables,
fruits, and grain products.” Also, for the first time, a minimum serving of fruits (2) and
vegetables (3) were recommended based on a system also used to develop the food guide pyramid
which was released in 1992. 1995 recommendations introduced the concept of serving ranges,
and the 2000 recommendations further emphasized eating a variety of fruits and vegetables by
making a separate recommendation apart from that for grains (Krebs-Smith 2001).

The most recent USDA dietary guidelines, released in 2005, continue to be based on the food
pyramid and include the role of physical activity in weight control as well as the importance of
food safety. They also go further in describing how to achieve a variety of fruits and vegetables
stating, “In particular, select from all five vegetable subgroups (dark green, orange, legumes,

starchy vegetables, and other vegetables) several times a week” (USDA 2005).
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Throughout their history, USDA dietary guidelines have recommended getting required
nutrients through foods rather then dietary supplements. This stance remains true of the most
recent recommendations as few dietary supplements have been shown to be beneficial except in

particular cases of nutrient deficiency.

Other Dietary Guidelines

Other broad-based dietary guidelines are essentially in accordance with the USDA guidelines.
For example, USDA Dietary Guidelines for Americans, USDHHS Healthy People, and WHO all
place dietary behavioral recommendations along side recommendations to achieve energy balance
and healthy weight. Each has specific recommendations to increase fruit and vegetable intake
and mentions the need for part of the vegetable intake to be from dark green or deep yellow
vegetables. Table 1.2 summarizes recent dietary recommendations regarding fruit and vegetable
consumption.

Similarly, dietary and lifestyle recommendations put out by non-profit agencies focusing on
research and prevention of specific chronic diseases have begun to merge. In general, these
organizations now recommend a diet low in fat and red meat and high in fruits, vegetables and
grains. Beyond these basic dietary recommendations, more specific recommendations to increase
or decrease particular nutrients are given for various diseases. For example low intake of trans-
fats appear in the cardiac disease specific recommendations (NIH, NHLBI, NHBPEP 1997;
NCEP 2001; AHA 2005), but not in the cancer-specific recommendations (NCI 2005a; NCI
2005b; ACS 1996; Glade 1999); however, the broader recommendation to reduce fat
consumption is given in both. Similarly reduced consumption of salt is recommended for
reducing risk of hypertension (NIH, NHLBI, NHBPEP 1997), but also for decreasing risk of
colorectal and possibly other GI cancers (NCI 2005b)

In order to aid the public and researchers in operationalizing and implementing these

recommendations, a number of composite diets have been created. Examples include the DASH
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diet, Mediterranean diet, the American Heart Association’s prudent diet, and the Ornish diet.

These diets often emphasize the role of fruits and vegetables in maintaining a healthy diet

(Chahoud 2004).

Table 1.2 Summary of Dietary Recommendations for Fruits and Vegetables

Organization Name | Year | Recommendation
USDA Dietary 2005 | 1) Eat 2 cups fruit and 2.5 cups vegetables per day for a 2000 calorie diet.
Guidelines for e  Children ages 2 to 6 years, women, some older adults (about 1,600
Americans calories) 3 servings of vegetables 2 servings of fruit.
e  Older children, teen girls, active women, most men (about 2,200
calories) 4 servings of vegetables 3 servings of fruit.
e Teen boys, active men (about 2,800 calories) 5 servings of
vegetables 4 servings of fruit.
2) Choose a variety of fruits and vegetables each day. In particular,
select from all five vegetable subgroups (dark green, orange, legumes,
starchy vegetables, and other vegetables) several times a week.
US Department of 2005 | 1) Little kids (ages 2 to 6) should eat a minimum of 5 servings a day
Health and Human 2) Older kids, teen girls, and active women at least 7.
Services, National 3) Teenage boys and active men at least 9.
Institutes of Health, 4) Eat a variety of colorful fruits and vegetables — green, yellow-orange,
National Cancer red, blue-purple, and white.
Institute
USRDA 2004 | Gives recommendations for micronutrients, macronutrients, and daily
calorie intake but does not give recommendations by food type.
2002 Joint 2002 | 1)>400g/day fruits and vegetables
WHO/FAO Expert
Consultation
US DHHS Healthy | 2000 | 1) increase the proportion of persons >2y old who consume at least 2
People 2010 Goals daily servings of fruit.
2) increase the proportion of persons >2 who consume at least 3 daily
servings of vegetables with at least one third being dark green or deep
yellow vegetables
American Heart 2000 | Eata variety of fruits and vegetables. Choose 5 or more servings per day.
Association Eating
Plan for Healthy
Americans
WCRF/ACIR 1999/ | 1) Eat 400-800 g (15-30 oz), or at least five portions (servings) a day of
1997 | a variety of vegetables and fruits (not including grains, legumes, roots,
tubers, and plantains), all year round (calculated on the basis of 2000
Kcal daily energy intake and 80 g per portion; children’s portions and
goals should be proportionately smaller).
1989 WHO Study 1989 | 1) >400g/day fruits and vegetables
Group 2) >30g/day pulses, nuts and seeds as part of 400g fruits and vegetables
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Efficacy of Diet Related Recommendations

A number of studies have looked at diets as a whole but have found mixed results when
examining the protective effects of dietary recommendations for reducing DR-CD risk. Studies
of the Breast Cancer Detection Project (KKant 2000) and a Sweedish cohort (Michels 2002).
found significantly decreased risk of total mortality (RR 0.69, n/a), cancer mortality (RR 0.64,
0.76), coronary heart disease mortality (RR 0.67, 0.47), and stroke mortality (RR 0.58, 0.40)
when comparing highest and lowest quartiles of adherence to the USDHHS Recommended Food
Score.

However, data from the Nurses Health Study found only weakly reduced risk of CVD
incidence and mortality and no change in risk for cancer incidence or mortality for high vs. low
adherence to the Recommended Food Score (McCullough 2000). Similarly, studies of the
USDA’s Healthy Eating Index, which is based on the food pyramid and the 1995 Dietary
Guidelines for Americans, showed only weak associations with CVD risk and was not associated
with cancer risk (USDHHS 1995). A follow up analysis of highest vs. lowest quartiles of a
modified Healthy Eating Index, showed that healthy diet was inversely associated with CVD risk
(RR 0.72) but not cancer risk (RR 0.97) (McCullough 2002).

The 1997 AIRC panel estimated that their recommendations, if widely adopted, could reduce
the incidence of new cancers by 30% to 40%. (AICR 1997) Cerhan et al. (Cerhan 2004)
operationalized these recommendations, which included dietary recommendations for daily
consumption of fruits and vegetables, complex carbohydrates, red meat, fat, sodium, and alcohol
as well as recommendations for limiting weight gain and maintaining physical activity. Using the
lowa Women’s Health Study (IWHS) cohort, PARs for both cancer and cardiovascular disease
incidence and mortality were produced. “Irrespective of smoking status, if all women had
followed six to nine versus less than six recommendations, 22% of cancer incidence and 11% of
cancer mortality could have been delayed or prevented but only 4% of CVD mortality and 9% of

the total mortality. If all of these women had never smoked cigarettes and had followed six to
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nine recommendations, 31% (95% CI 19-37) of the cancer incidence, 30% of the cancer mortality
(95% CI 15-40) and 22% (95% CI 4-36) of the CVD mortality could have been delayed or
prevented . However, when BMI, weight gain, and physical activity were excluded, there was no
association between the number of dietary recommendations followed and cancer incidence or
mortality, CVD mortality, or total mortality. A similar effect was found in this cohort when
adherence to the 2000 Dietary Guidelines for Americans was analyzed (Harnack 2002).

While the fact that controlling for BMI and weight gain reduced the effect size of the dietary
recommendations, it is important to keep in mind that these two factors also represent primary
mechanisms by which improved diet is thought to work. That is, healthy diets are generally low
in calories but relatively high in micronutrients. If, as would be expected in these cohorts,
substantial micronutrient deficiencies are less common than high calorie diets, then dietary
improvements such as increases in fruits and vegetables would be more likely to show effects via
improved caloric balance than through other factors. As described above, further research on the
biochemical effects of dietary subcomponents in whole foods and supplements will help elucidate

the extent of their effect.

F) DIETARY TRENDS AND PRACTICES IN THE US SHOW MINIMAL CHANGE AND

COMPLIANCE WITH DIETARY GUIDELINES FOR FRUITS AND VEGETABLES

Introduction

Thus there is substantial evidence that dietary factors are important mediators of NR-CD risk
and that a diet high in fruits and vegetables, and complex carbohydrates and low in saturated and
trans fats, and red meat, along with other major lifestyle factors such as weight maintenance,
physical activity, and not smoking, can play an important role in reducing the burden of NR-CDs

in both wealthy and poor nations. Despite the risk of disease and the scientifically based
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recommendations, US dietary practices show only moderate changes toward compliance with

dietary guidelines. This review will focus on dietary trends in fruit and vegetable intake.

Fruit and Vegetable Food Supply Data

There are three main ways to measure dietary trends: food supply, foods acquired, and foods
consumed. Food supply data, recorded by the Economic Research Service of the USDA, has the
advantage of a long history of data collection (from 1909 for most commodities) and thus it offers
the only source of lengthy time series data on food use in the US. While per capita food supply
data substantially overestimates servings of food per person (due to inedible portions, waste, and
other losses) ERS has created adjustment methods that are relatively robust allowing for
comparison with Pyramid servings per day (Krebs-Smith 2001). These calculations may
underestimate actual consumption of dark green and leafy vegetables, some berries, squashes, and
many “exotic” fruits and vegetables, but consumption of these products appears quite low by
other measures so the errors probably have little effect on the overall estimates.

Generally, food supply data show that vegetable servings are within 10% of minimum
recommended levels, but that fruit servings are more than 50% below recommended levels
(French 2001). The 1998 food supply data showed 5.3 servings of fruits and vegetables per
person per day representing a 24% increase from 1970. Most of this increase occurred after the
1980 release of the Dietary Guidelines. More specifically, per capita fruit consumption increased
from 1.1 servings/day in 1970 to 1.4 servings in 1998 but still falls far short of the recommended
3 servings/day. Vegetable consumption increased from 3.1 servings/day in 1970 to 4 servings in
1998 thus meeting the recommendation for vegetable servings (French 2001, Krebs-Smith 2001).
However, starchy vegetables made up more than 40% of vegetable servings and this category was
dominated by fresh and frozen potatoes which made up over 50% of servings. Dark green and

leafy vegetables accounted for less than 10% of vegetable servings up only slightly since the
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pyramid was introduced in 1992, and other vegetables — over half from iceberg lettuce and

tomatoes - made up a disproportionate 48% of total vegetable servings (Krebs-Smith 2001).

Fruit and Vegetable Foods Acquired Data

Data on food expenditure patterns by households of different socioeconomic and
demographic characteristics are collected by the Bureau of Labor Statistics of the US Department
of Labor through the Consumer Expenditure Survey. This survey uses both two week diary and
interview data to capture small regular purchases and larger irregular purchases respectively.
Data collection began in 1980 and the most recent available data is for 2003 (US Department of
Labor 2003). Data available online show an increase in spending of 12.3% from 1997 to 2003
but whether this represents a real increase in quantity purchased needs further investigation and

correction for inflation (US Department of Labor 2003).

Fruit and Vegetable Individual Intake Trends

Individual dietary surveys are conducted at both the national and local levels and income,
demographic, and lifestyle information is typically collected along with food intake data.
Because studies have differing methodologies of data collection and operationalize fruit and
vegetable consumption differently, they are not directly comparable; however each give a
different view into dietary trends and calibration studies have been done to aid in comparison.
(Krebs-Smith 2001).

The two most common methods of dietary assessment at the individual level are 24 hour
recall and food frequency questionnaires. While 24 hour recall may give a more accurate
representation of intake on a population level, estimates of portions of the population consuming
the recommended amount of a commodity vary widely depending on the number of 24 hour

recalls used (fewer recalls result in significant underestimates) and food frequency questionnaires
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may give a better estimate of regular intake. Each of these types of surveys is generally tested by
comparing results to those of the gold-standard multi-day dietary diaries (Krebs-Smith 2001).

There are three primary sources of national 24 hour recall nutrition data; each has its own
strengths and weaknesses. The Nationwide Food Consumption Survey (NFCS) collects one week
household and three day individual food consumption information and has been performed for
over 25 years allowing comparability over time. The Continuing Survey of Food Intakes by
Individuals (CSFII) reports in terms of mean intake and prevalences of high and low intakes. The
National Health and Nutrition Examination Survey (NHANES) reports nutrient intake rather than
numbers of servings. Data from four surveys over 30 years is available. NHANES data is the
most recent dietary data available and is the only national survey planned to continue into the
future (Krebs-Smith 2001).

In general, individual dietary surveys also show that fruit and vegetable consumption appears
to be rising, but only slightly, and this increase may be an artifact of shifts in population
demographics (Krebs-Smith 2001). These data suggest that, on average, Americans are
consuming fruits and vegetables at a level near the minimum recommendations. Of course, given
the wide variation in individual fruit and vegetable consumption, an average intake near
minimum recommendations indicates a significant portion of the population is consuming less
than recommended. As found in other measures, dark green and deep yellow vegetables account
for a disproportionately small share of the total vegetable intake (Krebs-Smith 2001).

Data from the NFCS shows decreases in the consumption of high fat foods and percentage of
energy from fat, but did not report fruit and vegetable consumption changes (NFCS 2005).

Krebs-Smith (Krebs-Smith 2001) adjusted for changes in collection methods between 1989-
1991 and 1994-1996 CSFII surveys to allow for analysis of dietary trends. They found that total
fruit and vegetable intake for all persons over two years of age increased from 4.5 servings in
1989-1991 to 4.9 in 1994-1996 (p<0.0001) reflecting only a fraction of a serving increase in both

fruits and vegetables over that time. (Krebs-Smith 2001) NHANES data from 1988 to 1994 were
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coded using CSFII codes and have been linked to the Pyramid Servings Database allowing for
analysis of serving sizes and rough comparison with other surveys. This method found mean
total vegetables intakes of 3.4 servings and mean total fruit intakes of 1.5 servings in 1994
(Krebs-Smith 2001).

As with food supply data, although these surveys show intakes near recommended standards,
potatoes dominated vegetable intake accounting for about a third of vegetable intake in each
survey. In 1994-96, only 8% of the population met the recommendation that at least one third of
vegetable servings be dark green or deep yellow orange vegetables (Briefel 2004). Fruit intake
was well below recommended standards in all surveys, with about half of the population not
consuming any fruit on a given day (Briefel 2004).

Two other national surveys use food frequency questionnaires. The Behavioral Risk Factor
Surveillance System (BRFSS) and 5-A-Day Surveys use a longer reference periods 0and may
actually provide a better indication of the propensity to consume a particular food or group of
foods than surveys that use 24 hour recall (Krebs-Smith 2001).

The National Cancer Institute’s 5-A-Day for Better Health Program conducted a baseline
survey in 1991 and a follow-up survey in 1997 using a 7 item fruit and vegetable screener. Fried
potatoes, and miscellaneous or high-fat fruits and vegetables were excluded (Krebs-Smith 2007).
The follow up survey showed a statistically significant increase of about a quarter serving per day
for adults; (3.75 in 1991 to 3.98 in 1997) this represents an increase from 23.1% to 26.8% of
respondents who ate 5 or more fruits and vegetables a day (Stables 2002). However, when the
data were adjusted for demographic shifts, the increase was no longer significant. However, the
increase in percentage of people eating at least 5 a day remained significant as did the decrease in
blacks eating 5 a day (Krebs-Smith 2001; Stables 2002).

BRFSS is conducted by the Centers for Disease Control and Prevention. It is an ongoing
telephone survey of adults that includes six food frequency questions that ask about the number

of times a food is eaten per day. Formal serving sizes of one-half cup have been shown to have
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good correlation with normal portion sizes; thus data on number of times eaten per day are
roughly comparable to data on servings-per day. Trend analysis among adults in 16 states
showed an increase in the prevalence of adults consuming fruits and vegetables more than 5 times
per day from 19% in 1990 to 22% in 1994 and 23% in 1996 (Krebs-Smith 2001). 1996 BRFSS
data shows levels of fruit and vegetable intake at 3.4 times per day for men and 3.6 for women
with 22.7% reporting eating FV 5 or more times per day (Bensley 2003). When stratified by
activity level and weight status, intake trends showed increases among normal weight active
persons, no change among normal-weight, inactive persons, and decreases among the obese. This
analysis points to declines in dietary quality among certain subgroups even as measures of central

tendency improve.

Energy from Macronutrients

Increases and decreases in fruits and vegetables do not occur in isolation in the diet. So in
attempting to understand the health effects of changes in fruit and vegetable consumption, it is
worth briefly reviewing other food trends.

As noted above, dietary fat recommendations have been in existence for the greater part of
the last century, but both food supply data and individual data show that despite decreases in the
percentage of energy from fat, Americans generally still do not meet the dietary guidelines of
30% or less of calories from fat, and less than 10% from saturated fat. Further, total calorie
intake and absolute fat intake have actually continued to rise (Tippet 1999, Dubois 2001, French
2001, Briefel 2004). Factors contributing to increases in energy intake include increases in the
percentage of meals eaten away from home (particularly at fast-food restaurants), larger portion
sizes of foods and beverages, increased consumption of sweetened beverages, changes in
snacking habits, and improved dietary methodology (Briefel 2004). For example, consumption of
added fat doubled between 1909 and 1998 from 32 to 63 per-capita pounds per year (French

2001).
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Mean dietary cholesterol levels declined among all age groups from the 1970s to the early
1990s and have since leveled off at 341 mg for adult men and 242 mg for adult women. Factors
contributing to the decline are a decrease in the consumption of whole eggs and improved
measurement of the cholesterol content of foods (Briefel 2004).

One of the more important trends concerning recent increases in the prevalence of obesity is
the increase in calories from simple carbohydrates. The percentage of calories from carbohydrate
increased from 44% to 50% of calories from 1970 to 1990 largely due to the increase in soft drink
consumption. In 1994, soft drinks comprised about one third of added sugar intake which, in turn
accounted for 16% of energy intake (20% for adolescents) (French 2001). Milk consumption has
declined as soft drink intake has risen (French 2001), and underconsumption of milk has been
associated with inadequate intake of vitamin A, folate, calcium, phosphorus, and magnesium.
(Briefel 2004).

A study of the intake of low-nutrient-dense foods by children which used NHANES 111 data
found that consumption of soft drinks and snack foods accounted for more than 30% of daily
calories. Frequent consumption of these foods was associated with higher energy intake, lower
intake of certain vitamins (A, B6, folate, calcium, magnesium, iron, zinc), and lower intake of the
major food groups (fruits, vegetables, grains, dairy, and meat). However, consumption of low-

nutrient-dense foods was not strongly associated with BMI in this age group (Briefel 2004).

Overall Dietary Trends

In an attempt to begin to look at nutritional intakes within a whole-diet framework, the
Healthy Eating Index (HEI) was developed as a summary measure of the population’s dietary
quality and adherence to the Food Guide Pyramid. The HEI includes ten components that assess
adherence to the dietary guidelines (servings of grains, fruits, vegetables, milk and dairy products,
and meats; the percentage of calories from fat and saturated fat; intake of cholesterol and sodium;

and variety of food group selections). Out of a maximum score of 100, an HEI score above 80

30



reflects a “good diet™; a score between 51 and 80, a “diet that needs improvement™; and a score of
50 or less, a “poor diet” (Briefel 2004).

Based on the HEI, the overall diets of Americans age 2 and older improved slightly between
the 1989 CSFII (mean 61.4) and the 1994-96 CSFII (mean 63.6), but did not improve further in
the NHANES 1999-2000 (mean of 63.8). Mean scores improved slightly for grains, saturated
fat, total fat, and variety, while mean scores declined for sodium, meat, and milk. The highest
mean component scores in 1999-2000 were 7.7 (out of 10) for variety and cholesterol. The
lowest mean score was 3.8 for fruit, the food component most in need of improvement in
Americans’ diets. HEI scores from NHANES 1999-2000 indicate that 10% of Americans have

“good” diets, 74% “need improvement,” and 16% have “poor” diets. (Briefel 2004)
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2) INDIVIDUAL DIETARY BEHAVIOR CHANGE THEQRY

All models are wrong. Some models are useful. ~ George Box

A) NUTRITION KNOWLEDGE & MOTIVATIONAL MODELS OF HEALTH BEHAVIOR

Introduction - Reviews of Nutritional Behavior Change Interventions

As dietary health researchers discovered links between diet and disease outcomes, they
became interested in sharing this knowledge with the public in the hopes of improving public
health. Nutrition education was accomplished through a variety of national dietary guidelines
that have been disseminated through media campaigns, various intervention programs, and
through individual health care provider-patient counseling.

Nutrition education has been variously defined over the years, but one more-or-less standard
definition is given by Contento: “Nutrition education is any set of learning experiences designed
to facilitate the voluntary adoption of eating and other nutrition-related behaviors conducive to
health and well-being” (Contento 1995). This definition suggests that behavior change is the
ultimate goal of nutrition education, and the use of the word “voluntary” emphasizes the
importance of personal choice in this model. The importance of individual choice was not
explicitly constructed in early efforts of nutrition education but appears to be a natural outcome of
its foundation in the medical model which frames health problems at the individual level.
Because health problems were conceptualized as problems of the individual, solutions - both
treatment and prevention - were often limited to creating changes within the individual.

While the mechanisms by which these solutions would work were generally not spelled out
theoretically, implicit models of individual behavior change seem to have rested on the
assumption that increasing people’s knowledge of appropriate dietary practices would motivate

and enable them to take action to improve their own health. The extent to which an individual
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decided to take advantage of this new information by making dietary changes would be
considered a matter of personal choice. Other psychological, social, and environmental barriers
to action were not initially identified in traditional behavioral models.

Though dietary behavior change has always been, at least implicitly, the goal of nutrition
education efforts, many early intervention programs did not focus on these outcomes and were
consequently not successful at changing dietary behavior despite effectively improving dietary
knowledge (Contento 1995). Programs that did set dietary behavior change as an explicit goal
were found to be more successful at promoting dietary change; however, it was not until Johnson
and Johnson’s 1985 review of the knowledge, attitude and behavior impacts of nutrition
education programs that behavior change theory became more explicit and mediating variables
began to be assessed in the nutrition education literature (Contento 1995; Ammerman 2001).

Over the following decade, theory-based research became more common and theories about
behavior change became increasingly complex expanding from the individual to include
increasingly the social and physical environment (Contento 1995). Early theoretical work sought
to understand the motivational determinants of health (including dietary) behaviors, and theories
such as social psychological and expectancy-value models began this process by explicitly laying
out earlier assumptions about individual choice and the rational, cognitive routs of decision-
making. These models posit that people will be likely to take action if they perceive that the
action will lead to expected outcomes or anticipated consequences they value or desire.

Among the earliest of these models, the health belief model (HBM) was developed in the
1970s by Rosenstock 1974 and posited six determinants of health behavior. Though the theory
did not explicitly describe interactions between these variables, there appeared an implicit
concept that perceived severity and susceptibility combined to produce a perceived threat, and
that perceived benefits determined the preferred course of action but was moderated by barriers,
personal motivation, and cues to action. In general, evaluations showed that this model suffered

from weak predictive value due to poor construct definition and lack of combinatorial rules. That
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is definitions of constructs such as “threat” and “perceived severity” were not standardized, and
without an explicit theoretical model, predictions regarding the interrelatedness of factors could
not be made (Contento 1995; Armitage 2000).

Building on this work, Roger’s protection motivation theory (Rogers 1987) was quite similar
to the HBM, but was more explicit in its modeling of the relationships between key variables.
Like the HBM, perceived vulnerability to and severity of a threat are posited to increase
“protection motivation;” however, Rogers also concedes that advantages to performing what he
terms the “maladaptive” behavior would decrease protection motivation. An individual’s
appraisal of a “coping” response (Roger’s term for a more desirable response) is modeled as a
dependent on the perceived efficacy of the response, and one’s own self-efficacy (confidence in
one’s ability to perform the behavior). While many of these variables have been shown to
operate in health interventions, average correlations with behavior were small to medium
indicating that even effective interventions which seek to act via these variables would likely
exert only minimal impact on behavior (Armitage 2000).

Social cognitive theory (SCT) was developed by Bandura and states that self-efficacy and
outcome expectancy are central determinants of behavior. However, the concept of self-efficacy
itself appears have greater predictive value than other elements of SCT (Armitage 2000).

The theory of reasoned action (TRA) expands the health belief model to stress “attitudes” —
the personal beliefs about expectations and the values placed on these outcomes — and “perceived
social norms” or perceived group pressure. These factors are thought to interact to influence
behavior intention which is, in turn, postulated to be the major predictor of behavior. While the
theory of reasoned action was developed to deal with purely volitional behaviors, the theory of
planned behavior (TPB) was designed to extend this theory to include situations of incomplete
control by adding the variable of “perceived behavioral control” or “self-efficacy” as a
determinant of both behavior intention and behavior itself. Meta-analyses of the TPB have

shown this theory to explain a substantial amount of the variance in behavioral intentions (41%;
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R=0.64) and behaviors (34% R=0.58) across a range of health behaviors. Two other variables —
self-identity and moral norms — have since been shown to further contribute to prediction of

behavior intention indicating room for extension of the TPB (Armitage 2000).

Studies of Nutritional Education and Knowledge Attitudes and Beliefs (KAB)

Under these social psychological and expectancy value models, education regarding the
relationships between diet and disease could play a major role in shifting expected outcomes,
leading people to take action to avoid harmful dietary effects, or take advantage of positive
dietary effects on health, especially if good health is a widely held value.

Despite the centrality of nutrition knowledge to many early behavioral theories, in the 1980s
and 1990s, a series of studies failed to find strong associations between nutrition knowledge and
dietary habits leading to a critical questioning of the importance of nutrition knowledge as an
influence on dietary behavior (Baker 2003; Wardle et al., 2000). Studies of fat and fiber intake
have shown only modest associations between nutrition knowledge and dietary quality (Baker
2003) and even the most successful educational dietary interventions to increase fruit and
vegetable consumption rarely observed effects of more than half a serving of fruits and vegetables
(Satia 2002).

In the mid nineties, at the height of the focus on education as a means for dietary behavior
change, Contento (Contento 1995) released a review of nutritional education interventions most
of which were individual and small group interventions. Of the 303 nutrition education
intervention studies reviewed, 34% reported no effect, 47% reported an improvement in
knowledge or attitudes, and only 19% reported changes in diet.

Contento found that many studies had been based on a “dissemination of information and
teaching of skills” model and were not very effective in bringing about behavioral change. These
were often “misapplications” of the knowledge-attitude-behavior model in that the knowledge

was “instrumental knowledge” (e.g. food groups, balanced diets, label reading, food shopping,
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and food preparation) rather than “motivational knowledge” (e.g. diet-disease relations) aimed at
changing attitudes and behavior. In cases where “instrumental knowledge was effective,
audiences were self selected and already motivated (Contento 1995). Contento’s conclusion that
“knowledge can be motivating when it is about the potential positive or negative consequences of
behavior, particularly when these are of personal relevance or when they tap into other motivators
of and reinforcers of change,” supports attitude change theory, various expectancy-value theories,
and social learning theory (Contento 1995).

Contento further identified that information on specific items or brands is more effective than
general information, and that information on ingredients to avoid is more relevant than info about
nutrients to include. She also supports stage change models (see below) stating that “addressing
issues of relevance to individual’s stage of readiness to change is more effective than general
nutrition issues” (Contento 1995).

These conclusions point to an idea proposed earlier in the nutrition education literature, that
the concept of “nutritional knowledge” is probably too broad to be practically useful. Rogers
identified three types of dietary and nutrition knowledge: (1) awareness (e.g. of diet-disease
relationships), (2) knowledge of principles (e.g. cholesterol is found in animal foods only), and (3)
how-to or instrumental knowledge (e.g. how to select foods with less fat or how to read a food
label accurately) (Rogers 1987). These categories are useful in creating more precise constructs
of nutrition knowledge which enable more sophisticated models of dietary behavior and can be
more tightly related to dietary behaviors.

Despite the lack of strong evidence that improving nutrition knowledge leads to improved
dietary behaviors, there are reasons to question an outright rejection of the importance of nutrition
education in dietary behavior modification. First, there is an intuitive validity to the argument
that, if people knew better how to avoid illness, they would make changes to do so. Though the
importance of this factor may have been overstated early on, it seems likely that it plays some

roll. Second, much of this research on nutrition knowledge used ad hoc measures of knowledge
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that were rarely psychometrically validated, and studies were typically powered to detect
clinically significant effects whereas more modest effect sizes may have a significant public
health effect at a population level. Further, most of the research on the effects of dietary
knowledge is based on dietary fat research. Since most western populations have now been
exposed to decades of education campaigns, it is unlikely that there are many people for whom
lack of knowledge is the most significant obstacle to eating a low-fat diet. However, improving
knowledge of other dietary factors such as fruit and vegetable consumption may continue to reap
significant rewards (Wardle 2000b).

More recently, a number of better-designed studies have found substantial evidence of a
significant association between nutritional knowledge and dietary behaviors. Some cross
sectional studies have used better measures of nutritional knowledge to find significant
associations between knowledge and fruit and dietary habits.

For example, Neill recruited a convenience sample of British coffeehouse goers and asked
about their frequency of com.pliance with seven dietary recommendations as well as open
questions about the expected health benefits of each recommendation and reasons for
noncompliance. Dietary knowledge scores were constructed to differentiate knowledge of the
primary health benefit from knowledge of other health benefits and lack of knowledge of health
benefits for a given recommendation. An overall correlation coefficient of 0.57 was found
between knowledge scores and frequency of compliance with dietary recommendations.
Interestingly, the recommendation to eat at least five servings of fruits and vegetables a day was
both the least known about and least complied with recommendation, and the within category
correlation coefficient (0.62) was the strongest in the study (Neill 2000).

A study of British GP patients by Wardle et al. measured nutrition knowledge using a
validated questionnaire which included experts’ recommendations, knowledge about the nutrient
content of 69 items, nutrition effect of everyday food choices, and links between diet and disease

(Wardle 2000a). Scores for this index were related to scores for a simple food frequency
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questionnaire, and the investigators found substantial associations between nutritional knowledge
and fruit (r=0.27), vegetable(r=0.32), and fat (r=0.16) intake independent of demographic factors.
In logistic regression analysis, with all variables modeled, people in the highest quintile of
nutrition knowledge were almost 25 times as likely as those in the lowest quintile to be eating a
healthy diet with graded effects for intermediate levels of knowledge.

In further analysis of this study, nutritional knowledge was shown to mediate some of the
variation in intake associated with SES. After including knowledge in multivariate regression,
education, and occupational class effects on fruit and vegetable intake became non-significant
though effects on fat persisted. The stronger associations between nutrition knowledge and fruit
and vegetable intake than fat intake may reflect knowledge saturation since, unlike the situation
for fat intake, overall levels of public awareness of fruit and vegetable recommendations were

low (Wardle 2000a).

Theory of Planned Behavior and Reasoned Action Include KAB

Cross sectional studies based on theory of planned behavior and the theory of reasoned action
have explored attitudes and beliefs about health and nutrition along with knowledge in order to
model dietary health behaviors. Research into these theories has resulted in mixed evidence
concerning the relative importance of attitudes, beliefs, and knowledge.

Some studies have shown important roles for nutrition knowledge in explaining the variation
among people’s fruit and vegetable consumption. In regression analysis using data from the 5-A-
Day Baseline Survey, a telephone survey of US adults, Krebs-Smith et al. found that beliefs
regarding the number of servings of fruit and vegetables a person should consume was
significantly associated with reported consumption of fruits and vegetables (b=2.61)". Other less

important, but still significant factors were liking the taste of fruits (b=0.65) and vegetables

! b-values here refer to the slope of the line in linear regression and represent a measure of the magnitude of
and direction of the relationship between variables in the regression model.
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(b=0.68) and having been in the habit of eating many fruits and vegetables since childhood
(b=0.61). These factors accounted for 15% more of the variation in fruit and vegetable
consumption than did demographic variables alone (8%). Other factors studied such as perceived
health benefits, encouragement from friends and family, and feeling there was a lot of confusing
advice about healthy ways to eat did not explain variation beyond demographic variables (Krebs
Smith 1995).

Another British study looked at the relationships between fruit and vegetable intake and
factors such as nutrition knowledge, taste preferences, attitudes to fruit and vegetable intake, and
dieting status. These results demonstrated overall low levels of nutritional knowledge regarding
fruit and vegetables with men having poorer knowledge about current dietary recommendations,
and fewer men being aware of links between diet and disease. Multivariate analysis showed that
the gender difference in intake was substantially attenuated by controlling for nutrition
knowledge, but preferences, attitudes and dieting status had no such effects. These results
indicate that men's poorer nutrition knowledge explains about half of the disparity between male
and female fruit and vegetable intake giving strong support for some role of nutritional
knowledge in dietary behavior (Baker 2003).

However, in a population survey of England, Thompson found that after adjusting for
demographic factors including age, sex, & smoking status, attitudinal statements like “I don’t
really care what I eat” or “healthy foods are enjoyable” were more important predictors of low
fruit or vegetable consumption than dietary knowledge about health benefits of a healthy diet and
knowledge of the role of fruits and vegetables in a healthy diet (Thompson 1993).

Another Brit