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Abstract

This thesis aims to understand how public health evidence can be used better to inform
the development of food and agriculture policy. It sets out to achieve this by developing
and applying two methods that have been advocated for use in evidence-based policy
making: health impact assessment (HIA) of agriculture and food policy and calculation
of the burden of disease attributable to nutritional risk factors. Neither of the methods
had previously been used in this policy context. They were selected as they illustrate
two extreme models of evidence-based public health. The first consists of research
based, investigator-led analysis producing generalisable, quantitative estimates. The
second involves a more contextual, participatory, inter-sectoral approach to collecting,
analysing and applying a broader range of data. The methods have been developed and
applied using the fruit and vegetable sector as a case study, with specific reference to
policies in the Republic of Slovenia, a country that was, during the course of this work,
acceding to the European Union and presented a unique political opportunity. This
thesis explores how these different evidence-based public health approaches are likely
to inform policy, in the light of what we already know about influences on policy

making.

This thesis finds the total worldwide mortality currently attributable to inadequate
consumption of fruit and vegetables is.estimated to be up to 2.635 million deaths per
year. Increasing individual fruit and vegetable consumption to up to 600 g per day (the
baseline of choice) could reduce the total worldwide burden of disease by 1.8%, and
the burden of disease in Slovenia by 2%. The greatest impact would be onreduction of
ischaemic heart disease and ischaemic stroke. However, such descriptive epidemiology
is an insufficient basis for policy formulation as the results say nothing about how
interventions are likely to reduce a problem The results of the health impact
assessment show that evidence demonstrating priorities for public health action will be
different from the type of evidence required for planning, policy implementation or

evaluation.
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PART 1 INTRODUCTION, BACKGROUND, AIMS AND
OBJECTIVES



Chapter 1 Food and agriculture as determinants of
public health

Background

This thesis aims to understand how public health evidence can be used better to inform
the development of food and agriculture policy. It sets out to achieve this by applying
two methods that have been advocated as tools for evidence-based policy making,
assessment of the health impact of agriculture and food policy and calculation of the
burden of disease due to nutritional risk factors. It uses the fruit and vegetable sector as

a case study to compare and contrast how the two methods can be used in this context.

In this introductory chapter I discuss the background to the thesis. First I outline why
research into food policy has been neglected, highlighting the complex nature of the
role that food and agriculture policy plays in determining health. Second I review the
current burden of diet-related non-communicable (NCD) disease in Europe and
examine how much of the burden can be attributed to food-related disease. Third I
examine the major links between dietary components and disease, concentrating on the
evidence that relates to the health effects of fruit and vegetable consumption. Finally I
look upstream at policies on European agricultural production and food distribution,
examining their impact on diet and thus on health, asking whether these policies

adequately take account of their impact on public health.

The challenges faced by traditional epidemiology in
understanding the complexity of food as a health determinant

A starting point in developing evidence-based public health policies is an
understanding of the nature of the relationship between risk factors and health
outcomes. There has been an increased understanding of the role of individual risk
factors and health over the past four decades. Perhaps the best known example is the
pioneering epidemiological research that has demonstrated the clear link between
smoking and lung cancer !. This research, and other early studies of some of the major
determinants of cardiovascular disease, was based on a linear model of disease

causation, in which exposure of a susceptible host to an agent led to disease. The

exposures that were studied were clearly defined and easy to measure, such as smoking
status, blood pressure, or cholesterol level. and the causal pathway was easy to

understand 2. However, the wider application of this approach to understanding the
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health of a population faces many problems because of the complexity of much of
disease causation. The existence of this complexity is apparent from research showing
how individual risk factors often have limited ability to explain the scale of variation of
disease in a population. For example in the Whitehall study conventional risk factors
explained only a small amount of the observed variation in cardiovascular disease .
There are several reasons for this. First, many potential risk factors for disease are
difficult to define, let alone measure. For example, in alcohol research the frequency of
exposure may be as important as the level of exposure. but is much less easy to
quantify *. This may also be true of dietary risk factors such as fruit and vegetables
whose availability can be seasonal >, and the particular components of fruits and
vegetables, singly or in combination, have an effect. Second, the single agent medical
model of disease has difficulty in addressing situations in which multiple factors
interact, such as genetic, environmental, and lifestyle factors. For example, infection
with Helicobacter Pylori confers a higher risk of stomach cancer, but this is lower in
individuals with certain genetic polymorphisms for interleukin-1 (by virtue of its
impact on the inflammatory response to infection) ® and among those with high intakes
of dietary antioxidants due to fruit and vegetables 7. Both the risk factor under study
and the potentially interacting factors may be distributed differently among social and
ethnic groups within the population. Third, an individual risk factor may be associated
with multiple outcomes, some of which may be affected differentially by interacting

factors.

Given the scale of this complexity, it should be no surprise that we continue to have
difficulty in explaining patterns of population health and in designing appropriate

public health interventions.

Assessing the current and future health impacts of food and agriculture policy poses
similar problems as with other complex upstream health determinants such as climate
change, economic and trade policy. Their impacts are typically indirect and often
dependent on local and national context. Exposure is frequently difficult to define and
causal pathways are complex. Consequently, it is not surprising that food and
agriculture policy, as a complex multifaceted factor in determining health, has until
recently received very little attention from public health policymakers. New approaches
to food and health are needed that go beyond the traditional relationship of discrete

exposure and outcome. These must take account of the complex determinants of
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exposure to risk factors, such as the problems people face when making healthy’
choices, the host response, including the growing evidence of how risk factors interact.
and the complexity of any policy response. which may require action by. and may

impact on, many different sectors, in ways that are often not obvious.

The burden of dietrelated disease in Europe
This previous neglect of food as an important risk factor is changing. Health

policymakers in Europe are increasingly concerned about the growing burden of
chronic non-communicable diseases, including cardiovascular disease (CVD), stroke,
some types of cancer ®, with diet and obesity now recognised as major risk factors.
Chronic non-communicable diseases are te leading causes of death and disability
worldwide and some of the main risk factors, such as obesity. are increasing rapidly in
most regions of the world, including Europe °. The World Health Report 2003
estimated that cardiovascular disease accounted for 16.7 million (29.2%) of total global

deaths, while cancer contributed 7.1 million deaths (12.5% of the total) '°'!.

Although the precise effects of risk factors for non-communicable diseases are
complex, most are at least partially understood and many are modifiable. These include
tobacco, alcohol and physical activity. It is increasingly accepted that nutrition is a
major modifiable determinant of chronic disease, with scientific evidence supporting
the view that alterations in diet have strong effects, both positive and negative, on

health throughout life 1>,

The Global Burden of Disease study introduced the concept of the disability adjusted
life year (DALY) as a summary measure of population health (the approach is
discussed in chapter 2). While the first round of the Global Burden of Disease (GBD)
study did not look explicitly at the overall impact of nutrition, it provided a conceptual
framework that could be used to do so. In Sweden an attempt was later made to
estimate the burden of disease that could be attributed to additional risk factors in the
European Union (EU) 16 This study estimated that diet-related factors directly
contributed 8.3% of the number of DALYs lost, almost half of this being attributed to
low fruit and vegetable intake (3.5% attributable to low fruit and vegetable intake,
3.7% to overweight and 1.1% b high saturated fat intake). In comparison, tobacco
smoking accounted for 9% of the burden of disease in the EU. This study suggests that

improving diet could be as important as reducing smoking in tackling the disease
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burden in Europe. However, these figures may actually underestimate the importance
of nutrition as the study did not take account of potential interactions, and it is clear that
dietary factors interact with other risk factors. For example. high intake of fruits and
vegetables appears to reduce the risk of lung cancer among smokers ', although of
course smoking greatly increases the probability of developing lung cancer even among

those with the highest intakes of fruit and vegetables.

This research, comparing the burden of disease due to different risk factors, can now be
seen as an early step in the process of greater recognition of both the public health
importance of diet in general, and specifically the health benefits of fruit and vegetable
consumption. Another study reported that 23,000 premature deaths (before the age of
65) from CVD and major cancers could be prevented in the EU if fruit and vegetable

consumption was increased to recommended levels ‘2.

These findings are similar to
those of more recent studies from New Zealand and Australia 19,20,21. In these countries,
it was estimated that up to 3% (2.4% in New Zealand and 2.8% in Australia) of the
burden of disease could be attributed to low fruit and vegetable consumption. The
Australian study also suggested that approximately 10% of all cancers could be due to

an insufficient intake of fruit and vegetables.

Contribution of diet to cardiovascular disease and cancer risk
In Europe, CVD and cancer account for almost two thirds of the overall burden of

disease °. Although there is clearly a large number of risk factors for cardiovascular
disease, conservative estimates suggest that about one third of CVD can be attributed to
inappropriate nutrition, although the need for more research is widely acknowledged
22 A report by the World Cancer Research Fund and the American Institute for Cancer
Research !? estimated that improved diet, along with maintenance of physical activity
and appropriate body mass, could reduce cancer incidence by 30-40% over time. A
widely cited estimation of the diet-related burden of cancer was made by Doll & Peto
23 attributing about 35% of all cancer deaths in the United States to diet (excluding
alcohol), with a range of plausible estimates of between 10% and 70% . Doll later
proposed that the evidence available up to the early 1990s associating diet with cancer

had become stronger, and proposed a narrower range of 20—60% 2*.

The specific dietary components that have the largest effect on cardiovascular disease

and cancer remain a matter for debate. Earlier epidemiological and clinical studies

18



focused on the amount of dietary fat consumed 2° and the risk of heart disease . More
recently the differential impacts of types of dietary fats have received attention,
including trans fatty acids and animal fats 26 ?’. Other ecent ecological studies of
changes in cardiovascular disease after the political transition in Poland % %° suggest
that changes in dietary fats, increased fuit intake and decreased smoking rates can
bring about reductions in cardiovascular disease mortality over very short timescales.
The authors concluded that changes in dietary fat were more important than other risk
factors, including increased fruit intake. However, these conclusions were reached
despite limitations of their methodology for measuring changes in total fruit and

vegetable intake®’.

Other diet-related factors, in particular a wide range of micro-nutrients, have also been
studied in relation to the risk of CVD and cancer. Excess energy intake is associated
with increased risk for many diseases, and alcohol is a risk factor for some cancers
(mouth, pharynx, oesophagus, liver) and CVD *!. However, it was not until recently
that fruit and vegetable intake was considered seriously as a key risk factor for non

communicable disease.

Evidence for a link between fruit and vegetable intake and disease
Accumulating epidemiological evidence has suggested a strong protective effect of

fruit and vegetable intake for cardiovascular diseases and some cancers '21*32-% The
review by the World Cancer Research Fund (WCRF) and the American Institute of
Cancer (AIC) of the determinants of a wide range of cancers 13 concluded that the
evidence for fruit and vegetables decreasing cancer risk was convincing for lung and
digestive tract cancers. The WCRE/AIC review concluded that, for other cancers, there
was only a probable association with fruit and vegetable intake (larynx, pancreas and
bladder cancers) or limited evidence of an association (cancers which may have a
hormonal aetiology including ovary, endometrium, thyroid and prostate). There is also
limited evidence for the link between fruit and vegetable intake and other health
outcomes such as diabetes, chronic obstructive pulmonary disease and cataract *¢*7, but

the number of published studies is currently too limited to draw conclusions on the size
of any effect.
In 2003, an international review panel convened by the World Health Organization

(WHO) and the Food and Agriculture Organization (FAQO) assessed the strength of the

evidence for the relationship between fruit and vegetable intake and health. They
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concluded that increased consumption of fruit and vegetables was convincingly linked
with reduced risk of cardiovascular diseases, a probable reduced risk of some cancers.
diabetes and obesity, and was associated with the prevention and alleviation of several
micronutrient deficiencies (especially in less developed countries) 2. The review panel
recommended daily intake of an “adequate quantity” of fresh fruit and vegetables to

reduce these disease risks. They defined an adequate quantity to be 400 to 500g/day.

The next sections set out a summary of the relevant literature for those six disease

outcomes where there is the most convincing evidence for the link between fruit and

vegetable intake and disease.

Coronary Heart Disease
Four recent reviews of the association between fruit and vegetable consumption and

coronary heart disease were identified 32;33;38,39. The review by Klerk et al. 32
concluded that a high versus a low consumption of fruit and vegetables (increasing
from 250 to 400g/day) is likely to reduce the risk of coronary heart disease by 20-40%
in men and women; however, the methods used to derive the final estimates are

unclear.

The review by Ness and Powles *? identified 10 ecological, 3 case—control and 16
cohort studies investigating coronary heart disease. Of these, nine ecological studies,
two case—control studies, and six cohort studies reported a statistically significant
negative relationship between coronary heart disease and the consumption of fruit and
vegetables or proxy nutrients. Ness and Powles did not attempt to arrive at a summary
statistic for the association as the measures of exposure and disease varied considerably

between studies. They concluded that the results are consistent with a protective effect

of fruit and vegetables for coronary heart disease.

Law and Morris ** performed a meta-analysis of cohort studies that had examined the
relationship between ischaemic heart disease and markers of fruit and vegetable
consumption, namely dietary intake of fruit, vegetables, carotenoids, vitamin C, fruit
fibre and vegetable fibre, and serum concentration of carotenoids and vitamin C,
adjusting for other factors. They estimated that the risk of ischaemic heart disease is
about 15% lower at the 90" than at the 10™ centile of fruit and vegetable consumption.

39

Most recently, Bazano conducted a review of the effect of fruit and vegetable

consumption on coronary heart disease and stroke. This identified nine prospective
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cohort studies evaluating the relationship between fruit and vegetable intake and
coronary heart disease which had been published since the review by Ness and Powles
3. Of these studies, four found significant inverse associations. while five found
inverse associations which tended towards but did not reach statistical significance after

appropriate adjustment.

Ischaemic Stroke

Four recent reviews that previously studied the association between fruit and vegetable
consumption and stroke were identified 32 ** 3° 40 The review by Klerk et al. 32
concluded that the risk of stroke is reduced by 0-25% with higher intakes of fruit and
vegetables. The 1997 review by Ness and Powles 3* identified five ecological, one
case—control and eight cohort studies reporting measures of association between the
intake of fruit and vegetables and stroke. Of these, three ecological studies and six
cohort studies reported a statistically significant negative association with the
consumption of fruit and vegetables or proxy nutrients. The authors concluded that the
results of both reviews were consistent with a strong protective effect of fruit and
vegetables for stroke, but they did not calculate a summary statistic for the association

as the measures of exposure and outcome varied considerably among studies > *°. A

3% identified eight prospective cohort studies

recent review by Bazzano (2005)
evaluating intake of fruit and vegetable intake and risk of stroke which had been
published since the review by Ness and Powles 3. Of these studies, five found
significant inverse associations, while three had inverse associations which tended
towards but did not reach statistical significance after appropriate adjustment.
Subsequent to the work for this thesis (chapter 6), He et al. *' conducted a meta-
analysis of the association betwee fruit and vegetable consumption and stroke. The
paper by He and colleagues does bring this work up to date since they were able ©
include several studies that were not yet published whenl undertook the review.
Additionally, I had to exclude two of the studies they included because they did not
provide exposure data in the format required for the comparative risk assessment used

in the Global Burden of Disease study. Since the comparisons chosen by He and

colleagues are different, I cannot directly compare the figures, but they seem consistent.
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Lung Cancer

Five recent comprehensive reviews of the association of fruit and vegetable intake with
lung cancer risk were identified. Three concluded that there was convincing evidence

that a diet rich in fruit and vegetables decreases the risk of lung cancer.

One of these three reviews was by the World Cancer Research Fund and the American
Institute of Cancer "> which reviewed 7 cohort and 17 case—control studies. Of the 7
cohort studies, all showed a protective association for some fruit or vegetables, after
adjustment for smoking. Most of the relative risks (23 of 31) they presented indicated a
protective association, although not all were statistically significant. No studies showed
a statistically significant increase in risk for consumption of any type of fruit or
vegetable. Sixteen of the case—control studies reported statistically significant inverse
associations for one or more vegetable or fruit categories. The evidence was most
abundant for green vegetables and carrots. Results of an analysis examining the dose—
response relationship between vegetable intake and risk of lung cancer estimated that
the relative risk decreases by about 50% as intake increases from 150g/day to
400g/day. An intake of >400g/day is always associated with a lower risk than is
100g/day or less.

1. *2 asserted that the results of observational studies of diet

In their review, Ziegler et a
and lung cancer suggest strongly that an increased fruit and vegetable intake is
associated with a reduced risk in men and women; in various countries; in smokers, ex-
smokers, and never-smokers; and for all types of lung cancer.

1. 32 concluded that high versus low consumption of fruit and

The review by Klerk et a
vegetables (an average difference of 150 g/day) is likely to reduce the risk of lung

cancer by 35-55% in men and women.

Koo 4, in contrast, concluded that epidemiological studies performed over the last 20
years do not provide overwhelming evidence of an inverse association between fruit
and vegetable consumption and lung cancer risk. Koo proposed the imperfect control of
smoking-associated dietary correlates and “lifestyle” differences as the major problems
with the perceived associations between diet and lung cancer. Koo’s work should,
however, be interpreted in the knowledge that she been closely involved with several
scientists involved in the campaign developed by tobacco industry lawyers to
undermine the link between passive smoking and disease. A major component of this

programme has been to argue that much research on risk factors, and in particular the
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association between passive smoking and disease, is unreliable because of unmeasured

confounding **.

A meta-analysis of the association between fruit and vegetable consumption and lung
cancer is the only other attempt, apart from this study, to pool cohort study results and
obtain a summary estimate of the size of the effect *°. Controlling for smoking habits
and other risk factors for lung cancer. a 17-23% reduction in lung cancer risk was
observed for total fruit intake for quintiles 2 through 5 versus the lowest quintile of
intake (RR=0.77, 95% CI 0.67-0.87 for quintile 5; P-value test for trend <0.001). A
weaker association was observed for total vegetables (RR = 0.88, 95% CI 0.78-1.00 for
comparison of quintile 5 vs 1; P-value test for trend >0.12). Associations were similar

among never, past, and current smokers.

Stomach cancer
Four recent reviews of the literature concluded that epidemiological evidence shows a

consistent protective effect of fruit and vegetable intake on risk of stomach cancer.

The report from the World Cancer Research Fund and the American Cancer Institute '*
reviewed 6 cohort and 32 case—control studies. Three of the 6 cohort studies, and 27 of
the 32 case—control studies reported a statistically significant protective association for
one or more vegetable or fruit categories. The evidence for raw vegetables, allium
vegetables and citrus fruit in particular is consistent with a protective effect. Any
contradictory evidence related entirely to salted and pickled vegetables. Analyses of
dose-response relationships suggested that the risk of stomach cancer decreases by
about 50% as fruit and vegetable intake increases from 50 g/day to 300 g/day. An
intake of >150g/day is always associated with a lower risk than 100 g/day or less. In
comparison, the review by Klerk et al. 3% concluded that high versus low consumption
of fruit and vegetables (an average difference of 150 g per day) is likely to reduce the
risk of stomach cancer by 40-55% in men and women.

I. * of published case—control and cohort studies

A meta-analysis by Norat et a
examined the association of total fruit or total vegetable consumption with gastric,
colorectal and oesophageal cancer. It included all studies published in English from
1973-2000 and referenced in Medline that provided data on total fruit or vegetable
intake. There was no assessment of study quality, adjustment for confounders was not

assessed, and studies were included as long as they could provide the information
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necessary for the statistical analyss. For gastric cancer. 32 studies were included that
analysed total fruit intake and 22 studies were included for total vegetable intake. The
pooled relative risks associated with an increase of consumption of 100g/dav were:

0.75 (95% CI 0.67-0.83) for fruits; and 0.80 (0.74—0.86) for vegetables.

Colorectal cancer
Four recent comprehensive reviews of the literature investigating fruit and vegetable

consumption and risk of colorectal cancer were found. They all concluded that the
evidence is consistent in supporting a decreased risk of colorectal cancer with higher
consumption of vegetables, and that data for an association with fruit consumption is

inconsistent 1> 32 4 47 Only two of these attempted to quantify the relationship.

The review by Klerk et al. 32 estimated that high versus low consumption of fruit and
vegetables (an average difference of 150 g per day) is likely to reduce the risk of

colorectal cancer by 20—45% in men and women.

The meta-analysis by Norat *® (see description above in the section on stomach cancer)
included 13 studies assessing the effect of total fruit intake and 28 studies assessing the
effect of total vegetable intake. The pooled relative risks associated with an increased
intake of 100 g/day were: 0.94 (95% CI 0.90-0.98) for fruits; and 0.90 (95% CI 0.84—
0.96) for vegetables (sub-analyses found similar relative risks for men and women, and

for European and American populations).

Oesophageal cancer

. . 4
Three recent reviews of the llterature;13 8

concluded that there is convincing evidence

that diets high in fruit and vegetables decrease the risk of oesophageal cancer.

The World Cancer Research Fund and the American Institute of Cancer reviewed 22
case—control studies '. Of these, 18 showed a statistically significant protective
association with at least one category of fruit or vegetables. The protective association
reported in the studies remained after controlling for smoking and alcohol
consumption. The review by Klerk et al 32 concluded that high versus low consumption
of fruit and vegetables (an average difference of 150g per day) is likely to reduce the

risk of oesophageal cancer by 40-55% in men and women.

Finally, the meta-analysis by Norat et al. 46 pooled the results of 10 studies assessing
the effect of fruit intake and 11 studies assessing the effect of vegetable intake on

oesophageal cancer (see more details of methods described in the section on stomach
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cancer). This estimated that an increase in food intake of 100 g/day is associated with a
relative risk for oesophageal cancer of 0.79 (95% CI 0.65-0.95) for fruits; and 0.92
(95% C1 0.85-1.01) for vegetables.

Conclusion

This consistent pattern of findings, suggesting a diet rich in fruit and vegetables has a
role in the prevention of CVD, stroke and some cancers, has led several national and
international organisations to advocate an increase in individual intake to at least 400g
of fruit and vegetables per person per day (excluding potatoes and other starchy
tubers)lz; 13 -4 However, survey data and fruit and vegetable availability statistics from
the FAO ° suggest that most populations are not meeting this recommendation and that
new approaches to increase fruit and vegetable consumption in the population are

urgently needed.

Food policy as a public health policy

Public policy has been defined as the sum of policies that shape contemporary
environments in different settings including communities, schools, workplaces *!. Other
authors propose that public policies must have been generated or processed within the
framework of governmental procedures and organisations °2.. There are two major
elements in these concepts of public policy; firstly, that public polices have a broad
environmental impact; and secondly, that they ae linked with the leadership and
organisation of large administrative units of government (whether that be at
international, national, regional or local levels). As many public policies have health

315433 and because public health deals with processes that mobilise local,

impacts
national, regional and international resources to ensure the conditions in which people
can be healthy, it can be argued that there is only a marginal difference between public
policies and public health policies. The task of public health policy is to address public
health consequences of any public policy. When one thinks of a specific public health
policy such as tobacco or tuberculosis control the task of the policy becomes clearer,
including its links to other policies (for example in tobacco or alcohol policy there are
clear links with fiscal and tax policy and market regulations). However. because public
health policy is directed towards tackling the determinants of disease and ill health, the
focus may often be outside the health sector >*. Clearly food and agriculture policy have

large public health impacts, both positive and negative, and are important public

policies that should consider health.



Across Europe food is increasingly considered a public health issue requiring policy
formation. The concept of food policy differs from country to country, with the main
policy links between food and public health often focusing on two very different issues:
food safety and the promotion of healthy diets. The following examples from Finland.
France and Sweden show that variations in policies amongst individual countries

appear to be shaped by differences in the understanding of factors that impact on public
health.

In Finland, public health policy has previously targeted individual disease risk factors,
including diet. The Finnish approach is based on the success of the North Karelia
Project, which was started in the 1970s with the goal of reducing cardiovascular
disease °°. This project succeeded in reducing rates of cardiovascular disease by 73% in
the working age population over 10 years, with changes in risk factors estimated to
account for 89% of the decline. This was achieved by adopting a range of interventions
aimed at smoking, diet, alcohol and physical activity. Interventions included provision
of information to the public, strengthening health services, encouragement of
environmental changes (such as smoking restrictions, promoting vegetable growing),
and training and education of health personnel in disease risk factors and behaviour

change.

In France in 2001 a strategic national plan on nutrition focused on the promotion of
good nutritional habits (Programme national nutrition santé, described in English at

http.//www.sante. gouv.fr/htm/pointsur/nutrition/index.htm). This aimed to reduce the

prevalence of adult obesity by 20%, and to prevent childhood obesity. The plan
emphasised prevention in children and has included nutritional health education in
schools, individualised obesity management for adolescents, and linkages between diet
and physical activity programmes. It has not achieved its goals, as obesity rates

continue to rise in France.

The Swedish National Health Policy has also included an emphasis on healthy eating.
In a study at county level in Sweden, dietary advice emerged as the most cost-effective
strategy in a model which simulated costs and effects of different preventive measures.
However, this is not the sole focus of policy in Sweden as the Government is currently
considering a multi-sectoral obesity strategy. Sweden also has a strong history of
assessing the public health impacts of broader policies affecting food and nutrition,

including agriculture, and it has banned food marketing to children *7°%,

26



The wide variation in approaches to food policy by the public health sector across
Europe may to some extent be based on differences in understanding (or acceptance) of
the factors affecting dietary intake. It is well known that the nutrition transition.
occurring in all but the poorest countries of the world, is resulting in the replacement of
a traditional plant-based diet rich in fruit and vegetables by a diet rich in calories
provided by animal fats and low in complex carbohydrates *°. Such changes will
generally lead to increased rates of many norrcommunicable diseases in countries
previously protected by balanced and healthy diets ©°. Rising income is the main driver
of the nutrition transition. As populations improve their standard of living, sales of
animakbased foods increase. However, the relationship between rising wealth and
rising demand for animal-based foods is not simple as available supplies and marketing
activities shape consumer demand. Yet knowledge of these trends has not led to

significant change in food policies.

As well as increased concern by the public health community, health services are also
becoming conscious of the share of their budgets devoted to food-related ill health. For
example, in the UK, a government report estimated that treating obesity costs the NHS
at least £ billion a year, while the wider costs to the economy in lower productivity
and lost output could be a further £2 billion each year ®'. Consequently, some policy-
makers are beginning to look at wider determinants of diet related ilkhealth, turning
their attention upstream, rather than solely focusing on diagnosis and treatment, or
promotion of ‘healthy lifestyles’ in individuals. There is an increasing awareness that
there are structural and environmental factors and policies which affect attainment of

‘healthy lifestyles’ and specifically nutrition goals. These include:

e Providing appropriate information and education relating to food, nutrition and
physical activity at all age groups in a range of settings;

¢ Formulating nutritional standards for food composition and catering;

e Regulating food labelling, advertising, promotion and health claims;

e Evaluating the impact of pricing and retailing strategies.

However, one of the major influences on diets, agriculture and food production, is

usually not considered in these broad public health policies.
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The role of European Union p olicy in determining diet and
health

Two main European Union (EU) policies have a direct impact on nutrition and health.
namely the Common Agricultural Policy in place since 1962 (mostly focused on the
supply side of the food chain) and the Health and Consumer Protection strategy
(focused on the demand side) which was adopted in 2005 and preceded by the Health
Strategy from the year 2000. These two policies are interlinked via food safety which
forms the basis for any consideration of health issues concerned with food in the EU.
Another obvious connection between the two policies is nutrition. which currently
ranks much lower on the political agenda in Brussels. The broader public health issues.
including nutrition, should be incorporated into every EU policy. according to article

152 and 153 of the Amsterdam Treaty but are too rarely considered by decision makers.

Within the Health and Consumer policy several pending directives are of importance
for food demand. These include the Health Claims Directive and the Food Labelling
Directive. Furthermore, there are other important areas that have not yet been tackled,
for example the absence of an EU-wide regulation on marketing of food directed at

children.

The public health implications of European agricultural policy have risen in
prominence since the discovery in the United Kingdom of the link between bovine
spongiform encephalopathy (BSE) in cattle and new variant Creutzfeld-Jakob disease
(nv-CJD) in humans®? . Since the emergence of BSE, policy-makers across Europe
have given a high priority to food safety, culminating in the recent establishment of the
European Food Safety Authority in Parma, Italy. Food safety is considered the major
agriculturalrelated health issue despite evidence showing the greater contribution of
nutrition and food security to the burden of disease ° . This policy emphasis is
probably because food contaminants are perceived to be beyond consumer control, but
also political concerns for preserving the competitiveness of European agriculture.
Nutrition is still perceived by many as an issue of individual choice. Therefore it does
not attract the same level of attention from politicians and administrators who assume
that agricultural production is a ‘perfect market’ where the demand for food controls
the supply. Nothing could be further from the truth. The CAP regulations influence
both the availability and the affordability of food and therefore also influence the

demand. It is impossible to address food and nutrition policy without looking at the
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agricultural policy that defines, to a large extent, the foods that are available and

affordable for consumption.

The EU Common Agricultural Policy

A comprehensive European agricultural policy was a key element from the outset in the
formation of the European Community. One of the original policy drivers was
population health, driven by the memory of post-World War II food shortages and the
need to improve future food supplies in Europe. While the fundamental goal of many
agricultural policies remains the provision of adequate food to feed the population. the
precise situation in each country, and across Europe, reflects a much more complex
combination of influences of policy imperatives from the agriculture. food, trade, retail

and health sectors.

The Treaty of Rome defined the general objectives of the Common Agricultural Policy
(CAP), which remain essentially unchanged until the present day ¢, placing consumer

price and food security at its heart (Figure 1-1).

Figure 1-1 Objectives of the CAP as set out in Article 33 of the EC (Amsterdam)
Treaty

e To increase agricultural productivity by promoting technical progress and by
ensuring the rational development of agricultural production and the optimum

utilisation of the factors of production, including labour

e To ensure a fair standard of living for the agricultural community, by increasing
individual earnings of those employed in agriculture

e To stabilise markets

e To assure the availability of supplies

e To ensure that supplies reach consumers at reasonable price

Historically several policy instruments have been used to achieve the CAP objectives.
From 1962 to 1983, price subsidies were used with the multiple aims of increasing
production (including efficiency), improving income support and stabilising markets.
These price support mechanisms included import tariffs, market interventions and
export subsidies and resulted in higher prices in the EU markets. The effects of the
policy were both positive and negative. The CAP was successful at achieving its initial
goals of increased production and productivity. stabilising European markets and

securing food supplies. The result was that the EU became a net food exporter. Similar
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policies were adopted in the COMECON countries in eastern Europe. By the mid-
1970s, strong national and regional measures to support agriculture had helped ensure
better agricultural supplies within the European Region, in both the western
democracies and the Communist bloc. In general, there was plenty to eat, and a huge
food processing industry had become well established. However, these had to be
balanced against several negative side effects including the higher costs to consumers
and the unfair distribution of agricultural support (with 80% going to the 20% of
biggest farms). The end results were production surpluses and rapid increases in

agricultural spending.

Since 1970 food surpluses have constituted a costly problem for the agricultural sector
in the EU. From 1984-1992, policy instruments, including quotas, set aside policy and
price support mechanisms, were introduced to halt the increase in production and
control expenditure on agriculture. This solved the problem in the milk sector but most

of the other surpluses and budgetary problems remained.

Direct payments were introduced in 1993 in order to conclude the GATT/ World Trade
Organisation negotiations and to stabilise budgetary costs and farm incomes. Price
support mechanisms were reduced and other types of payments introduced to guarantee
farm incomes, including direct payments per hectare/head. payments for set aside land
and payments for environmental reasons and less favoured area status. This did have

the effect of stabilising the CAP budget while also stabilising farmers’ incomes.

Longstanding incentives favouring overproduction led the 2003 CAP reform to
partially decouple the financial support paid to farmers from actual production levels in
a number of sectors (arable crops and livestock)®®. Today, agriculture policy has

additional objectives related to rural development and environmental protection for

which farmers can be paid.

Thus, although the CAP has undergone several reforms since its creation 40 years ago,
these are essentially matters of detail, with none being driven by public health
considerations °%. The CAP thus continues to focus largely on yields and quantities
produced and expanding international trade. The nutritional implications of the CAP
are not considered. Consequently, it has driven the production of foods in directions

that may not be best suited to optimum population health. For example, the CAP gives



considerable financial support to the production of meat and milk, which are both

relatively expensive in environmental and financial terms but also rich in saturated fat.

In western Europe, the largest share of CAP funds has supported cereal farming, but

about half of the cereal produced is used for animal feed. (Figure 1-2).

Figure 1-2  CAP spending by the European Agricultural Guidance and
Guarantee Fund according to the products sector, 2001
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Source: Robertson et al °¢, adapted from 31% financial report on the European
Agricultural Guidance and Guarantee Fund EAGGF, Guarantee Section — 2001
financial year °’.

It is important for these figures to be set against the total output value of each food
type. For example, although the European Agricultural Guidance and Guarantee Fund
appears to spend comparable amounts on supporting the production of both sugar and
fruits and vegetables, this support amounts to 47% of the output value for the former
but only 4% for the latter 68 These differences may lead to substantial distortions in the
market. In a series of papers on the workings of CAP, the European Court of Auditors
has criticized the butter ¢°, sugar 7 and milk ' regimes for protecting and promoting

surplus production for the benefit of producers.

By subsidizing the production of certain foods, the CAP has separated the producer
from the consumer in the marketplace. It has created an artificial market for producers

that may not reflect consumers’ preferences, thus counteracting consumer pressure for

diets that promote health g
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The health impact of European agriculture policy
Agriculture policies have profound and complex effects on the food supply as well as

on demand because policy creates production incentives for many commodities by
providing market support. Traditionally in the EU, the most heavily subsidised sectors
are cereals, beef, olive oil and milk *®. Even commodities with potential or real adverse
consequences for health, like tobacco, wine and sugar. are receiving substantial
economic support. A considerable share of the food surpluses in the EU are exported at
prices below production costs because of subsidies, leading to major distortions on
international markets, usually to the detriment of developing countries >. The rest finds
its way into the European food chain as subsidised ingredients for high-fat processed
foods, thereby most likely contributing to the rise in obesity '*. At the same time the
protection of domestic markets by tariffs leads to higher consumer prices for imported

goods, which lowers the demand for certain foods.

A recent report from the Swedish Institute of Public Health has looked at the public
health impacts of four specific CAP policy regimes (dairy, wine, fruit and vegetables
and tobacco)’®. This provides concrete examples of how the CAP actually works
against dietary recommendations. For example, dairy producers are given greater
incentives to produce high-fat rather than low- fat milk; and excess dairy fat produced
in the EU is converted to half a million tonnes of surplus butter each year. This
corresponds to one third of EU consumption, and is sold at a discount (with further

subsidies) to the food industry for food processing 38,
This report concludes that:

“The CAP has become more health-oriented since 1996 in terms of food safety.
However, risk factors of cardiovascular disease, cancer, diabetes and alcohol-related
diseases, are still not taken into consideration as required under the Amsterdam
Treaty.... From a public health perspective, the tax money transferred to agriculture

could be of greater benefit to citizens if spent in other ways.’ (Schafer Elinder 2003)

The EU has a small budget for food promotional activities and, until 1999, devoted it
almost entirely to promoting meat (especially beef) and dairy products (especially
butter and full- fat milk) *® 7°. The EU has also supported distribution schemes, offering

low-price foods to hospitals, schools and other institutions. These, too, have focused on
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meat and dairy products, and only limited fruit and vegetable distribution has taken

place.

The specific aspects of how the EU Common Agricultural Policy’s fruit and vegetable
regime can impact on population health is discussed in Chapter 11 where the results of

the health impact assessment in Slovenia are presented.

The financial support for animalderived products has led to a shift in the use of
agricultural land towards livestock rearing rather than crops for human consumption.
Three quarters of agricultural land in the EU is now used for animal feed and grazing
76 Among the five pre-2004 EU countries in southern Europe, the land area devoted to
fruit and vegetable production has declined by over 20% in the last four decades, while

that for grain production for animal feed has increased by 20%.

Although the CAP is an important determinant of food availability and price, this does
not imply that agricultural policy in Europe solely determines the consumption of foods
and hence the population’s dietary patterns and nutritional status. The chain of causality
is complex. While rising income is a major driver of the nutrition transition from plant-
to animalbased foods other factors shape demand, including changes in food
availability, the power of the retail sector and marketing activities. For example, in
Europe, as more people have shifted their diet from plant to animal products, animal
production has increased, aided by agricultural incentives, leading to falling prices,

which encourages their consumption °¢.

In health terms, the CAP should be seen as a policy failure as it does not produce the
range of foods that would allow the population of Europe to meet basic healthy eating
recommendations’’. This basic contradiction demonstrates a key problem with the CAP

as a major determinant of diet.

At present, European agricultural policy takes no account of concerns about the
contribution to poor nutrition and consequently the rise in non-communicable disease.
despite the clear epidemiological evidence of the benefits of a healthy diet rich in fruit
and vegetables and low in dietary fat, sugar and salt. It does not appear that evidence of
the relationship between nutrition and disease has had any influence on recent
agriculture policy in Europe. As dietary habits are deeply embedded in cultural,
economic and political structures there should be greater emphasis on promoting

policies that target the determinants of consumption rather than the current focus of
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many health policies which simply target health education and targeting individual

behavioural change.

The challenge of assessing the health effects of agriculture
and food policy

It is clear that patterns of food consumption, and low fruit and vegetable consumption
in particular, are key risk factors for major non-communicable diseases. However, as
described above, the nutritional burden of disease and concerns over agriculturakhealth
linkages do not seem to have had major impact on agricultural policy formation in
Europe, except where this has had other, usually economic, impacts (such as BSE and

food safety).

Aims and objectives of the thesis

This thesis aims to investigate how public health evidence can be used better to inform
and influence the development of food and agriculture policy in Europe. It sets out to
achieve this by applying two methods that have been advocated as tools for evidence-
based policy making in public health, health impact assessment of agriculture and food
policy and calculation of the burden of disease due to nutritional risk factors. Using the
fruit and vegetable sector as a case study, this thesis develops and applies these two
methods as a means of informing considerations of the health effects of policies on fruit
and vegetable production, promotion and/ or consumption. The research was grounded
in a practical setting, working with policy-makers in the Republic of Slovenia. These
two methods were selected as they illustrate two extreme models of evidence-based
public health; that of research-based, expert conducted analysis, producing quantitative
estimates, compared with a participatory, inter-sectoral approach to collecting and
analysing more contextual data. The thesis analyses the strengths and limitations of the
methods as applied to the fruit and vegetable sector. It explores the different roles that

such methods might play in food and agricultural policy development and their scope

for further improvement.

Structure of the thesis
Chapter 2 will provide a discussion of the background to the purpose and methods of

burden of disease analysis and health impact assessment approaches used in the thesis.
Part two of the thesis focuses on the application of burden of disease analysis to the

fruit and vegetable sector, globally and in Slovenia. Chapters 3-7 will present in detail
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the methods used and results of estimating the burden of disease attributable to low
fruit and vegetable consumption. Chapter 8 shows how these methods were adapted
and applied to the national situation in the Republic of Slovenia. Chapter 9 discusses
the strengths and limitations of the burden of disease (and disability adjusted life vears)

approach applied to the policy process.

Part three of the thesis focuses on the application of health impact assessment to the
fruit and vegetable sector. Chapter 10 presents the health impact assessment methods
that were developed and applied in Slovenia to assess the potential impact of the
Common Agricultural Policy after European Union. Chapter 11 presents the results of
the assessment focusing on the impact on the fruit and vegetable sector. Chapter 12
discusses the strengths and limitations of the health impact assessment approach in a

national policy context.

The final chapter, 13, draws conclusions on the implications of this research for
improving the use of health evidence in agricultural and food policy-making on

population health grounds.



Chapter 2 Burden of disease studies and health impact

assessment: methods for evidence- based public
health policy

Understanding how evidence can better influence government policy requires an
understanding of how public policy is developed, and what influences the policy
process. Although this is not the main subject of this thesis, the main concepts of
evidence- based policy will be introduced to frame subsequent discussions, together
with a background and overview of the two methods used in this thesis; health impact

assessment and burden of disease analysis.

Defining policy and the nature of the policy process
The word policy has various interpretations. Authors dealing with policy issues have

defined it in a number of ways highlighting the complexity of the concept. It has been
argued that policy involves a purposive course of action involving a chain of related
activities and a series of decisions. This process is influenced by personal, group,

52 53

organisational and other circumstances . Policy also involves implementation.

Another interpretation is that policy is an attempt to do something about a problem, and

as such is an attempt to define and structure a rational basis for action or inaction ’®.

‘Policy as a term becomes the expression of political rationality. To have a policy is
to have rational reasons or arguments which contain both a claim to an
understanding of a problem and a solution. It puts forward what is and what ought
to be done. A policy offers a theory upon which a claim for legitimacy is made. In
liberal democratic systems political elites have to give rational reasons for what

they propose or what they have done’ (Parsons 1995 8).

Political scientists traditionally summarised the policy process in four key stages;
agenda setting or issue statement, policy formulation or planning, implementation and
evaluation 32 ** 8. However, recent theories stress that in reality these stages are not
necessarily so clearly defined, nor follow ore another in a fixed sequence>>. So the

policy process is recognised as being iterative not linear, with multiple influences at all
stages.

Discussing the policy process using the concept of stages, however, assists in
conceptualising how different influences, including health evidence, may affect the

process. Agenda setting occurs when policy makers identify a problem and develop
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broad goals to be addressed ’°. When governments set agendas, health issues compete
against other government priorities such as economic growth, and public health issues
must compete with health care issues. Public health advocacy is often an important
element of the process of placing an issue on the policymaking agenda. Several factors

make it more likely that an issue will reach the agenda:

* The greater the number of people who perceive that the problem exists;

* The greater the perceived severity of the problem;

e The more immediate and novel a problem is perceived to be;

e The more likely it is to affect an individual personally.

To become part of the public policy agenda, policy makers need to consider that the
issue is in the public interest and within the remit of government. Once it is on the
agenda, policy formulation involves developing alternative proposals and then
collecting, analysing, and communicating the information necessary to assess policy
proposals. Policy formulation and agenda setting involve similar inputs; assembling
evidence and information and developing arguments for various alternatives. There is
also a degree of compromise and bargaining among the various interest groups, media,

political parties and government agencies that have an interest in influencing the issue.

Once a policy is formulated, governments may take forward policy proposals in a
number of ways, including laws, regulations, and resource allocation decisions. Policy
implementation involves interpretation of the policy, organisational development and
application. The last step in the process is evaluation. This can have several aims
including understanding how well the policy was implemented, whether the policy
goals were achieved or what impact it actually had. Although policymakers do not
always encourage evaluation of policies, the process often occurs either formally or
informally and can affect whether a policy or programme is maintained, changed,

expanded or even stopped.

This simplified model of decision-making shows that evidence could be an essential
input to all stages of the policy process. However, a large literature exists which shows
that health evidence has to compete alongside a large number of influencing factors and
stakeholders which ultimately affect a policy output®® . How the full range of these
factors affect food and agricultural policy development in specific contexts was not the

focus of this thesis but it is important to reflect on them when considering how this
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research may inform public health policy. Clearly b influence decisions the public
health evidence-base has to be appropriate and timely, but there is also the need for

awareness amongst researchers that this may not be sufficient to move towards

“evidence-based policymaking’ *°.

The use of evidence in public health policymaking
Researchers are currently engaged in applying the principles of evidence-based

medicine *° to many fields of practice. The growing acceptance of these principles has
encouraged policymakers to think about what works and to look for evidence that
demonstrates the effectiveness of polices and interventions. Interest in eviderce for
decision-making has increased rapidly, and many commentators are asking about the

extent to which public health policy, as currently manifest, is based on evidence 3'"%.

Evidence-based public health can be defined as ‘a public health endeavour in which
there is an informed, explicit, and judicious use of evidence that has been derived from
any variety of science and social science research and evaluation methods’ ¥ . The
definition highlights two aspects of evidence-based public health: (i) the use of a
particular type of evidence to inform public health decisions; and (ii) an emphasis on

clear reasoning in the process of appraising and interpreting the evidence.

The types of research that are commonly associated with evidence-based medicine,
particularly the systematic review process and use of critical appraisal criteria to judge
research, are often highlighted as markers of quality in the synthesis of evidence.
However, it is has been argued that the complex, long term nature of public health
policies and interventions often makes the principles, approaches and standards
developed for clinical evidence inappropriate and hard to apply ’ because many
different kinds of evidence are required to understand not only which public health
policy interventions work but also how, why and in what circumstances 88 Many of the
outcomes of public health interventions are hard to measure, and become apparent only
over the long term. Interventions are often delivered in different ways in diverse
settings yet the concept underlying meta-analysis, seen as the gold standard for
synthesising evidence, is that by pooling data one should seek to approximate to a

universal measure of effect.

The definition of evidence-based public health should be sufficiently broad to

encompass a wide variety of health research methods as sources of evidence. Studies

38



can be categorised according to the questions that they seek to answer, and it has been
proposed that the evidence for evidence-based public health can encompass the

following approaches, with the precise choice of method depending on the nature of the

information required ®:

* Descriptive: to identify the qualities and distribution of variables:

¢ Taxonomic: to compare and classify variables into related groups or categories;

* Analytic: to examine associations between variables (both causal or therapeutic):

* Interpretive: to identify and explain meanings from particular perspectives;

e Explanatory: to make observations understandable;

e Evaluative: to determine quality and worth, often assessing the relevance,
effectiveness and consequences of activities.

Some proponents of evidence-based public health argue for greater specificity in the

type of research that is considered as evidence for public health. Brownson et al 8'%°

categorise two types of evidence; type 1 is research that describes risk-disease

relationships, and identifies the magnitude, severity of the public health problem. This

most often identifies that a public health issue exists and that something should be done

about it. Examples include burden of disease studies. Type 2 evidence identifies the

relative effectiveness of specific interventions aimed at addressing a problem. This

determines what should be done. Examples include controlled trials of interventions

and economic evaluations. However, for evidence to inform public health policy, this

taxonomy appears to be too limited. In reality there is also a third category of evidence,

drawing on descriptive and/ or qualitative methods 3¢. This may include information on

the design and implementation of a policy or intervention; the contextual circumstances

in which it was implemented; and information on how a policy or intervention was

received. Health impact assessment is an example of a methodology that attempts to

use this qualitative and contextual evidence to inform public health policymaking.

Although potentially invaluable to policymakers this third type of evidence is

infrequently found in published scientific papers particularly within the ‘evidence
based health’ literature.

Methods for linking evidence to policy recommendations are less well established than
methods for synthesising and appraising evidence. There are many frameworks setting

out how policy is made, and how policymaking occurs in the health sector 33 These

demonstrate clearly that the way that evidence is used is only one factor influencing
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policy-making. However, it is often not clear from the literature what is meant by the
concept of the ‘use of evidence’. Some of the most frequently used definitions about
‘use of evidence’ include direct, selective or enlightening (or conceptual)®®. Direct use
of evidence refers to the specific use of research results. This suggests that if research
results are relevant to finding a solution, the results should directly apply to the solution
without much adjustment. Enlightening or conceptual use of evidence refers to research
that helps to establish new goals and benchmarks, and deepens understanding of the
complexity of problems. Selective use of evidence is strategic, involving use ‘fo
legitimate and sustain predetermined positions’ ®'. Obviously different definitions of
‘use of evidence’ contribute to the difficulty in understanding how to make research
evidence more relevant for decision-making. A recent systematic review of interview-
based studies with decision-makers sought to identify barriers and facilitating factors to
the use of research evidence by health policy makers *° Twenty four studies (including
a total of 2,041 interviews with health policymakers) met the inclusion criteria. The
review identified the most common facilitating factors as personal contact, especially
two-way communication between researchers and policymakers, timeliness and
relevance of the research for decision- making, and the inclusion of research summaries
with clear policy recommendations. The most commonly reported barriers were
absence of personal contact with researchers, lack of relevance of the research, mutual

mistrust, inadequate power to implement change, and budget constraints.

This thesis focuses on two different methods that have been developed to analyse and
present evidence-based health information to decision-makers; burden of disease
studies and health impact assessment. They can be seen as methods that produce very
different types of evidence. The rest of this chapter will provide a background to the

purpose, methods and applications of these two approaches.

Burden of disease studies
Population health has long been measured in terms of indicators based on mortality

statistics. Life expectancy, all-cause and disease-specific mortality, and infant mortality
are compared within and between countries. Yet even when they are disaggregated by
socio-demographic or ethnic descriptors they provide insufficient information with
which to make any but the most basic judgements about the health of the population or

the comparative impact of a policy or intervention.
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As commitment to monitoring population health and interest in rational allocation of
health resources has grown, there has been increased interest in the development,
calculation and use of summary measures for health policy that allow the impact of
morbidity and death to be considered simultaneously. Such summary measures of
population health combine information on mortality and non-fatal health outcomes to
represent the health of a population as a single numerical value °2. Measures have
included active life expectancy (ALE), disability-free life expectancy (DFLE), and
quality adjusted life expectancy (QALE). A variant on these summary measures,
disability adjusted life years (DALYs) has been used by the World Health
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Organization, specifically in the Global Burden of Disease study . and in a number

of national burden of disease studies %°, 1°.

The justification for developing summary measures of population health is that diseases
vary greatly in duration, severity and prognosis, changing over time and the life course
in ways that are not captured by measures of mortality. As mortality can be measured
in a simple way, and death occurs only once for each individual, the interpretation of
the statistics involved is relatively straightforward. For non-fatal health outcomes there
is a huge diversity, in terms of definition and measurement, of such outcomes; each
person will experience several of them in a lifetime and there are many ways to

aggregate these data.

Quantifying the burden of disease into a single standardised measure that expresses
years of life lost to premature death plus years of healthy life lost due to disability is
attractive, particularly to decision- makers, as it permits direct comparison of the impact
of different risk factors and health problems. Consequently, the use of summary
measures of population health has been promoted as a valuable tool in the formation of
health policy and resource allocation, offering a means to incorporate population health

need °°.

There are at least eight possible applications of summary measures of population health

9 These can be grouped into three main categories (Table 2-1).
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Table 2-1 Potential applications of summary measures of population health

[ Category of potential | Examples
applications
Descriptive/ Comparing the heaith of one population to the health of
explanatory another
applications .

PP Comparing the health of the same population at different
points in time, and thus describe changes in health of a
certain population
Identifying and quantifying overall health inequalities
within populations

Policy applications Providing appropriate and balanced attention to the
effects of non-fatal health outcomes on overall
population health
Informing debates on priorities for health service delivery
and planning
Informing debates on priorities for public health, and for
research
Analysing the benefits of interventions for use in cost-
effectiveness analysis

Other Improving professional training in public health

This thesis considers the relevance of summary measures of population health (in
particular DALY as outputs of burden of disease studies) for public health policy.
Potentially, such measures might provide information for health policy at three levels:
firstly, the systematic presentation of the distribution of health within and between
populations could be an important input into the development of policy in the social
sector, identifying populations with the greatest burden of disease. The second
application focuses on the elimination or reduction of specific diseases and risk factors.
A comparison of the burden of disease attributable to specific risk factors or diseases
can inform priority setting among public health programmes. Finally, these measures

. . . 97
can be used in health service planning **.

In this thesis I consider the application of burden of disease studies to policies that fall
into the second of these categories, specifically those designed to reduce food and diet-
related diseases and related risk factors as part of a public health policy, using the

example of low fruit and vegetable intake.

Two assumptions underpin the analysis of the burden of diet-related ill health: (i) that

diet is a primary cause of disease or a factor that can reduce disease, and (ii) that the

42



extent of this causation can be measured. As will be shown in chapters 3-8, reaching
agreement about the existence of a causal relationship and measuring its extent are not
simple. For many diseases, fruit and vegetable consumption is only one of many
contributory factors (such as smoking or lack of physical activity as risk factors for
cardiovascular disease), and its impact may vary in different circumstances, for

example, culturally, or seasonally, or due to genetic differences between populations.

The Global Burden of Disease Study and use of Disability Adjusted
Life Years

Two major classes of summary measures of population health have been developed.
First, positive measures of health expectancy °® such as health adjusted life expectancy
(HALE), where estimates of overall life expectancy are adjusted according to the
amount of time spent in less than perfect health or with disability; second, there are
measures of health gaps, such as DALYs. It is this second application that will be
considered in this thesis as it has been most applied to health policy formation. The
publication of the original Global Burden of Disease (GBD) Study ?3 was initiated in
1992 at the request of the World Bank for use in its 1993 World Development Report

%9 This original project had four main objectives:

To develop internally consistent estimates of mortality from 107 causes of death,

disaggregated by age and sex, for the world and eight constituent regions;

e To develop internally consistent estimates for the incidence, prevalence, duration
and case fatality for 483 disabling conditions resulting from the 107 causes,
disaggregated by age, sex and region;

e To estimate the fraction of mortality and morbidity attributable to 10 major risk
factors, disaggregated by age, sex and region;

e To project scenarios of mortality and disability disaggregated by cause, age, sex
and region to the year 2020.

Its publication marked the first time that mortality and morbidity statistics for the

world’s population were combined into one single summary measure. The GBD study

devised the disability adjusted life year (DALY) as a common unit of measurement.

This is disaggregated with respect to cause, age sex, and geographical region and

reflects both premature mortality and life lived with disability. By using a universal

index for the impact on society of disease and injury it attempted to provide data that

can be used as a basis for rational allocation of health resources globally.
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For the first GBD study, routinely collected epidemiological source data were used
where they existed. Vital registration data existed for approximately 30-35% of all
deaths worldwide in the year 1990. The estimates for other countries were based on
sample registration data, extrapolation, or small-scale studies. Comparisons were made
between countries expected to have similar patterns of cause of death structures.
reflecting common mortality rates (i.e. at the same stage of epidemiological transition).
To support these estimates, community level mortality surveillance studies were used.
A whole range of data sources were provided by experts to estimate the duration and
severity of the disabling sequelae of disease and injury. These were subjected to
computer modelling, which checked the consistency of prevalence- incidence estimates

for the disabling results of the diseases and injuries.

In the GBD study, disease burden was defined as the combination of premature
mortality and morbidity as a result of a disease or an injury. This was calculated as the
sum of years of life lost (YLL i.e. remaining life expectancy for fatal cases) plus the
years lived with disability (YLD i.e. remaining life expectancy for non-fatal cases,
adjusted for the degree of disability remaining). The sum of these two indices equals

the DALY %, with future years discounted at a rate of 3%.

The YLL measure was defined as the standardised life-expectancy at a given age, taken
from life tables. However, it was modified to reflect the value of a year of life at
different ages. As children and the elderly were deemed to create a "social burden’ on
other adults, a curved age-weight function is used to incorporate this. A year of life
lived at the precise ages 10 and 50 is valued at 1 year. Above and below this age-range,
a year of life is given a lower value, between these points it is worth more, peaking at

about 24 years.

The GBD study uses disability attributable to disease or injury as its measure of non-
fatal health outcome. This uses the international classification of impairments,
disabilities and handicaps '°'. The calculation of DALYs as presently undertaken,
incorporates an assessment of the years of life lost to different diseases before the age
of 82.5 years for females and 80 for males (selected as representing the research team’s
assessment of the maximum attainable life expectancy at population level) °3 and the
years spent in a disabled state 102 Non-fatal health states are assigned values (disability
weights) to enable calculation of years lost to disability, applying data derived from

population surveys and studies to generate disability weights. Years lost due to
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disability (severity adjusted) are then added to years lost to premature mortality to yield

an integrated unit of health: the DALY: one DALY represents the loss of one year of
healthy life.

Health impact assessment

Health impact assessment has been developed as a method of improving evidence-
based decision making for health improvement. It is a formal approach to public health
practice, using a combination of methods whose aim is to assess and predict the health
consequences for a population of a policy, project, or programme that does not
necessarily have health as its primary objective. It is usually conducted as a
multidisciplinary process, using a structured framework to combine a range of evidence
about the health effects of a proposal **. HIA usually takes into account the opinions
and expectations of stakeholders including those who may be affected by a proposal,
using both expert opinion and lay knowledge. Potential health impacts of a proposal are
analysed and used to create evidence-based recommendations that are designed to

inform the development of policy or the decision making process >* 193,

Health impact assessment is based on the recognition that the health status of people
and communities is greatly influenced by factors that lie outside the health sector. This
broad model of health is based on the argument that a wide range of economic,

political, social, psychological and environmental factors determine population health.

The main purpose of HIA is to feed into the decision-making process. It is promoted as
a practical aid to help facilitate better policy making, based on evidence, focused on
outcomes, and encouraging inter-sectoral collaboration 104 There are numerous reasons

proposed for undertaking HIA:

e To help policymakers incorporate evidence into policymaking;

e To promote cross-sectoral collaboration;

e To promote a participatory, consultative approach to policy-making;

¢ To improve health and reduce health inequalities in a population;

e To help policy makers use a sustainable development approach

All these reasons are seen as valid aims of a HIA. The specific HIA approach taken
usually reflects the type of project or policy being assessed, the aims of the HIA and the

underlying professional backgrounds of the practitioners involved. There are two main
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theoretical foundations of health impact assessment; policy appraisal and promotion of

healthy public policy; and environmental impact assessment or risk assessment.

For some practitioners, health impact assessment has been seen as a form of
prospective policy appraisal, drawing on political and social science approaches. The
idea of building healthy public policy was set out in the Ottawa Charter for Health
Promotion ' and subsequently it has undergone a process of embedding public health
practice. The concept of sustainable development has further influenced this process,
especially since the 1992 Earth Summit 1%, reflecting increased public awareness of the

impact of the environment on health.

The principles and methods of health impact assessment are also similar to
environmental impact assessment (EIA) and other types of impact analysis, for
example social impact assessment '’ % The basis of EIA was set out in the US
National Environmental Policy Act in 1969. Now over 100 countries and international
organisations, including the European Union, have established EIA procedures, often
making EIA a statutory requirement '°°. EIA draws on many disciplines, including risk

assessment, cost benefit analysis, social science, ecology and toxicology.

It has been argued that procedures for health impact assessment would most logically
be developed by including health in existing processes for EIA '%°. In practice, although
the scope of EIA continues to broaden, most environmental assessments overlook or
neglect human health effects !'°. Initially HIA methods developed as a natural
extension of EIA methods. Health impact assessment has since been developed as a
discrete tool for promoting public health in policies and projects, with methods
diverging. However the differing conceptual backgrounds continue to prevail and the
phrase ‘Health impact assessment’ includes many different activities of varying

complexity.

A large number of differert models of HIA now exist, accompanied by guidelines and
toolkits (Table 2-2). In practice the HIA model used is adapted to the specific context

and often depends on several practical considerations:

¢ the timescale of the proposal, since an HIA report will be unable to affect decisions

taken before the report is completed,;
e the resources available (time, staff, expertise, money);

e the importance of the proposal or the potential size of the health effects.
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Hence, the application of HIA is often simply categorised as either rapid/ brief or

comprehensive approaches (also called mini and maxi HIA !'1).

Briefapproaches include desktop appraisal, usually taken by officers in an organisation
and often using checklists to gain a snapshot of health impacts to inform the direction
of proposals. Often such ‘mini’ HIAs only use existing information and seek no
stakeholder participation. However, some ‘mini’-HIAs do include rapid stakeholder
appraisal workshops ''2. These most often involve a community-based assessment,

largely using qualitative methods that are contextually embedded.

More comprehensive HIAs are much larger projects, both in terms of time and
resources. They tend to have a stronger research focus, usually involving the collection
of new data. They draw upon a range of quantitative and qualitative analysis, with a

variable balance between the two.
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Table 2-2

Examples of models of health impact assessment worldwide

Model of HIA

Examples

Main focus

Method of identification of health impacts

Policy analysis

British Columbia '3

Possible impact of public
policy on health
determinants

Checklist

Environmental Health Impact

Australia ', New Zealand 15, EHIA Bielefeld,

Protecting public health by

-Checklist

Assessment (closely based on Germany 16, Health Canada 17, Developing anticipating adverse events |
ElA) countries '8, Asian Development Bank ', British | and incorporating mitigation Involvement of local concerns
Medical Association Book (Birley et al) 10° at the planning stages. Main | -Risk assessment

focus is assessment of
environmental factors.

Project or programme HIA Liverpool Health Impact Programme '2 and other | Improving public health by - Checklist

(adapted from EIA principles and | UK local HIA approaches 103 anticipating adverse health

. ; - Local concerns

processes but with a broader effects, and seeing

health focus) opportunities to promote - Stakeholder/ expert opinion
health at the planning stage. | Evidence from literature

-Routine data
Economic appraisal English Department of Health 2! Economic valuation of health | Expert led analysis (NB methods proposed but

impacts

never implemented)

Mixed model: elements of EIA/
policy appraisal model/HIA

Swedish County Councils'2, Scotland '3, Greater
London Authority!24

Determinants of health

Assumes extensive understanding of impacts on
health determinants. Swedish model uses checklist.
Scottish model uses systematic comprehensive
framework using range of sources




Models of health impact assessments of national policies

Although there is no single universally agreed method for undertaking HIA, there is an
emerging consensus on the main stages in the HIA process (Figure 2-1); the details of
the stages in the HIA process and the terminology used are discussed elsewhere ' '®

11126 "and are covered in chapter 10 which describes the methods developed to conduct

the HIA in Slovenia.

There are now many examples of specific projects and programmes worldwide that
have been subjected to HIA ** '27. By contrast, there has been much less experience of
the application of HIA to an over-riding national policy >°. HIA of national government
policy has, however, been advocated in several countries including the United
Kingdom 128 the Netherlands '?°, Canada !'7, New Zealand''’. Australia ''* and
Thailand '*°. In those countries that have applied HIA to broader policies the methods
are more varied, and the stages are often less distinct than HIA methods developed for

projects.
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Figure 2-1  Main stages in an ‘ideal’ health impact assessment process

Adapted from Scott Samuel et al '*°, Breeze and Lock !!°

m Quickly establishes health
relevance of the policy
l or project
Policy and
programme m Where health relevance exists,
development identifies questions the appraisal
needs to ask
phase for l
prospective .
assessments Assess health impacts using
available evidence — may be
l rapid appraisal or in-depth
Conclusions/recommendations to
_________________________ remove/mitigate negative impacts
Policy l & enhance positive health aspects
implementation
phase m Action, if appropriate, to monitor
actual impacts on health to
enhance evidence base

The Netherlands is one of the few countries to have a long standing and ongoing
programme of HIA of national government policy proposals. The way in which the
HIA process is organised has changed over time but the main responsibility has
remained with the Department of Intersectoral Policy (a branch of the Ministry of
Health originally based at the Netherlands School of Public Health) which screens
policies of other ministries for potential impacts on health. It then commissions desk-
based in-depth HIA of those policies that are expected to have health impacts, subject
to the approval of the Ministry of Health B Since 1996 they have conducted in-depth
health impact assessments of a wide variety of policy areas including Energy Tax
Regulation, the National Budget, and housing and employment polices 132-134 nitially
the approach was to screen all legislation going through Parliament; however, this has
had to be reduced over time to make the workload more feasible, given the pace of

changing government priorities.

In the UK, HIA has only been used on an ad-hoc basis at a national level to examine a
few policies but there is now considerable experience at the regional government level,

by the Welsh Assembly 135 and in London '**. In the Greater London Authority, all of
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the Mayoral strategies are now subject to a HIA during their development. HIAs
completed so far include the strategic plan for London’s future spatial development 39
transport, economic development, biodiversity, air quality, municipal waste disposal,
noise and culture '*’, with an HIA of the London Food Strategy being undertaken in
spring 2006. The methods employed in London are very different from the approach
taken in the Netherlands. They do not screen large numbers of policies or documents to
select those that will require more in-depth work. Instead there is a clear commitment
by the administration to conduct HIA only on new major (mayoral) strategies, which
comprise only a small amount of the work of the Greater London Authority. In contrast
to the situation in the Netherlands, the London approach also emphasizes the
importance of broad stakeholder involvement in the HIA process, rather than merely

being an expert-determined process.

These two examples illustrate how models of HIA have been implemented and
institutionalised differently by different governments, and adapted to the particular
context in which it is being applied. Further examples of how HIA has been applied in
a national policy process are discussed in Chapter 13. This thesis investigates not only
how to apply HIA to national food and agricultural policy, but also how the application

of health ‘evidence’ within HIA can influence agricultural policy-making process.

The use of evidence in health impact assessment
So far the most common approach to HIA has been one based on broad determinants of

health ** ' 125 This emphasis on health determinants means that HIAs will confront
considerable uncertainty about potential health impacts. For many policies, especially
those implemented at a supra-national level where even the immediate effects are often

138 the causal pathways are very complex, with the current evidence base

unclear
patchy and often irrelevant to concrete policy options '''. Methods to assemble the
evidence to enable HIA to contribute to decision- making remain poorly developed ''' ¥

and often require a trade-off between speed of working and depth of analysis.

The evidence needed for HIA can differ from other forms of public health evidence in a

number of ways. These include:

e the focus on complex interventions or policy proposals and their potentially diverse

effects on determinants of health;



* the diversity of the sources of evidence in terms of relevant disciplines, study
designs, quality criteria and sources of information because of the wide range of
interventions/approaches that may contribute to improving health, (i.e. the need to
search, obtain, and appraise a broad ‘evidence base’);

* the need for, but paucity of, evidence on the reversibility of adverse factors
damaging to health (most evidence being of associations between factors and
adverse effects, not studies that seek to reverse them);

e the broad range of stakeholders that could be involved:;

* the need to seek evidence about potential unequal health impact within the
population as well as on the overall effect;

* the need to apply health impact assessment within the realities of policymaking.
planning and decision- making processes, which can often mean short timescales
and limited resources;

e the pragmatic need to inform decision-makers even when the evidence is *less than

perfect’.

Health impact assessment of food and agriculture policy
This thesis explores how HIA, as a method of evidence-based public health research,

can inform national policymaking, given the constraints that it faces. It develops and
applies HIA methods to study the potential effect of incorporating the EU Common
Agricultural Policy into national agricultural and food policy in the Republic of
Slovenia during the process of accession to the European Union. The work presented in

this thesis focuses primarily on the effects on the fruit and vegetable sector.

Agriculture and food programmes and policies worldwide are often subjected to
environmental impact assessments '*°, but to date few published studies of HIA have
been applied to agriculture, with very few at a national level. The models of HIA that

have been used for these agricultural projects and policies have been very varied.

In Canada there have been two HIAs of agricultural systems, both in Quebec. as part of

an integrated approach to health impact assessment, looking at ways of incorporating

7 The approach is

health within the framework of environmental assessments
presented in a three volume manual. This includes discussion of the use of social
impact assessment, epidemiology, health evaluation, economics. risk assessment and

the role of health professionals. Rather than looking at overall agricultural policies, the
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two published examples of agricultural HIA, hog farming and pesticide use in apple
growing, have been conducted on discrete issues in single agricultural svstems in
response to particular public concerns. Despite the theoretical integration of methods
advocated in the manual, the actual examples take a very quantitative approach,

drawing on risk assessment methods and data on known health risks, and mainly

focusing on the issue of environmental pollution.

This focus on traditional health risk assessment methods is rather more common than
formal HIA in the agriculture sector. Risk assessment is particularly useful when there
is a single specific and well-defined health risk. It has been applied extensively in the
issues of food safety, for example by the United States Department of Agriculture 0.
The English Department of Health also conducted an assessment of risks to public
health arising from the policy of disposal of animals destroyed during the 2001 foot and

mouth disease outbreak 4!

. Although this study was presented as an expert
environment and health risk assessment, it took a broader approach by considering the
impact of the policy on psycho-social health, smilar to the approach that would be
taken in a HIA. The health assessment proved to be an important tool to get other
ministries to take account of wider public health issues that had not previously been
considered. It contributed to changes in the animal disposal policy. leading to methods
that had fewer potential health risks, and helped define characteristics of the long term
environmental and health monitoring systems that will be required by other government
departments. More recently the Welsh Assembly has conducted a retrospective health
impact assessment of the mental health effects of the Foot and Mouth disease outbreak

142 This was a more qualitative approach to HIA and focused on psycho-social and

economic impacts on rural communities in Wales.

Thailand is the only low or middle-income country that has been successful at
explicitly introducing HIA and applying it to the agriculture sector. The Thai
government has made a commitment, as part of a programme of health system reform,
to fund a research unit that conducts national HIAs under the auspices of the Minister
of Public Health. It has now conducted national and regional HIAs in a range of policy
sectors, including agric ulture 130 Many of these have been focused on infrastructure or
development projects, and seek to balance the health of local communities with other
policy pressures. Examples of HIAs in agriculture and rural policy include an

assessment of a contract farming system and of large orange plantations where
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pesticide use was a major concern. They have also started to develop HIA at a national

policy level, for example, looking at the health and economic effects of sustainable

agriculture.

At a trans-national level, the European Union (EU) Common Agricultural Policy
(CAP) provides agricultural subsidies whose effects impact not just on Europe but
world wide due to distortion of world food prices and hence trade. This has potentially
adverse impacts on less developed nations '**. The Swedish Institute of Public Health
assessed the potential health impact of the CAP in 1996 >’. It focused on broad public
health effects in Europe of four CAP regimes, for dairy products, fruit and vegetables,
tobacco and alcohol. Although this was entitled a health impact assessment, it did not
take a recognisable HIA approach and is rather a useful descriptive review of the
potential health effects of the policy sectors. The report has had very little impact in the
European Commission and on CAP reform. Since it was published, the public health
dimension has continued to be marginalised in CAP negotiations. Clearly, if it had been
an applied HIA, it would have not been considered a success in effecting change. The
Swedish Institute of Public Health has recently produced an updated analysis of the
public health implications of the CAP. This is a much more detailed and critical
analysis, presenting stronger evidence to support the inclusion of health considerations
in CAP reform 8. Although this report was prepared by the Institute of Public Health,
its publication has stimulated collaboration on the health effects of the CAP between
the health sector and Ministry of Agriculture in Sweden. Both of these reports should
be considered as important evidence for use by policy makers in Europe even if they

are not ‘an HIA process’ in its formally defined sense.

This review of the HIA literature was unable to identify any example of a country that
has so far prospectively conducted an assessment of the health effects of incorporating
the CAP into their national agricultural policy. The way in which HIA methods were

developed and applied to agricultural policy in Slovenia will be described in chapter

10.

Conclusion
The rise in the popularity of ‘evidence- based’ public health approaches, and their

perceived importance in influencing policy decisions, has led to a large body of

literature devoted to discussing how to synthesise and appraise research evidence.

54



However, the empirical basis for theories and methods that seek to make research
evidence more appropriate to inform public health decision-making is less clear. In
practice, methods for linking evidence to policy recommendations are less well

developed than methods that have been designed for synthesising evidence.

Burden of disease analyses and health impact assessment have developed from very
different theoretical and empirical bases. However, both seek to provide more relevant
evidence for use by policy-makers, with both having stated aims of improving public
health considerations in decisionmaking. This thesis will examine how these two
different methods can be developed and applied to the same policy sector, to gain an
understanding of how they set about achieving their goal of improving evidence-based
decision-making. The second part of this thesis presents the methods and results for the
burden of disease analysis due to low fruit and vegetable intake, while part three

presents the methods and results of the health impact assessment of fruit and vegetable

policy in Slovenia.
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PART 2 ESTIMATING THE BURDEN OF DISEASE DUE
TO LOW FRUIT AND VEGETABLE INTAKE
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Chapter 3 Methods of estimating fruit and vegetable
consumption in the Global Burden of Disease Study

Background to nutritional risk factor analysis in the Global
Burden of Disease Study

The 1990 WHO-led Global Burden of Disease (GBD) project ** was the first study to
calculate the worldwide burden of disability and mortality and the contribution of
different diseases and risk factors to it. In that first study the number of risk factors was
limited, especially with respect to nutrition. Although it identified protein-energy
malnutrition as the single greatest contributor to overall disease burden (16% of
DALYs), it did not look explicitly at the impact of different elements of dietary intake
12 In the second round of the GBD, which updated the findings to the year 2000, the
WHO expanded the risk factors studied to include a wider range of physiological.
behavioural, environmental, and socio-economic factors '**. For the first time this has
included diet-related risk factors including cholesterol, overweight and obesity.
Although not initially included, I, together with colleagues, argued successfully for the
inclusion of low fruit and vegetable consumption as a risk factor. I presented the case
for including this measure at a meeting in Auckland in December 2000, having
undertaken an initial literature review to demonstrate its potential importance. Its
inclusion was at that time opposed by those leading the project for several reasons but,
in particular, their belief that any relationships observed were attributable to
unidentified confounding. Consequently, the research described in the following
chapters is the first time that the global burden of disease attributable to low fruit and

vegetable consumption has been estimated.

The WHO GBD project estimates the burden of disease attributable to various risk
factors using the Comparative Risk Assessment method (CRA) 145 146 Two sources of
information were combined to derive the burden of disease attributable to low fruit and
vegetable intake; first, information on the level and distribution of consumption in the
population and a baseline level of intake that would yield the lowest overall population
risk; second, estimates of the association (relative risks) between fruit and vegetable
intake and selected health outcomes. Data on both risk factor levels and relative risks
were obtained for both genders, 8 age groups (in years: 0-4, 5-14, 15-29. 30-44, 45-59,
60-69, 70-79, 80+). and 14 geographical regions (Table 3-1)
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The regional classification used by WHO in the GBD study, and adopted for this
research has no official status and is for analytical purposes only. Countries were
divided into five mortality strata on the basis of their levels of child mortality under
five years of age and 15-59-year-old male mortality: A. Very low child mortality and
very low adult mortality; B. Low child mortality and low adult mortality; C. Low child
mortality and high adult mortality; D. High child mortality and high adult mortality;
and E. High child mortality and very high adult mortality. These mortality strata were
then applied to the six main WHO regions (African Region, Region of the Americas,
Eastern Mediterranean Region, European Region, South-East Asia Region, and

Western Pacific Region) to produce the 14 epidemiological sub-regions (Table 3-1).
This is discussed further in chapter 8.
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Table 3-1 Countries and standard regions use in Global Burden of Disease

study

Region

Country

AFR D

Algeria, Angola, Benin, Burkina Faso, Cameroon, Cape Verde, Chad, Comoros,
Equatorial Guinea, Gabon, Gambia, Ghana, Guinea, GuineaBissau, Liberia,
Madagascar, Mali, Mauritania, Mauritius, Niger, Nigeria, Sao Tome and Principe,
Senegal, Seychelles, Sierra Leone, Togo

AFR |E

Botswana, Burundi, Central African Republic, Congo, Cote d'Ivoire, Democratic
Republic of the Congo, Eritrea, Ethiopia, Kenya, Lesotho, Malawi, Mozambique,
Namibia, Rwanda, South Africa, Swaziland, Uganda, United Republic of Tanzania,
Zambia, Zimbabwe

AMR [A

Canada, Cuba, United States of America

AMR

o

Antigua and Barbuda, Argentina, Bahamas, Barbados, Belize, Brazil, Chile, Colombia,
Costa Rica, Dominica, Dominican Republic, El Salvador, Grenada, Guyana, Honduras,
Jamaica, Mexico, Panama, Paraguay, Saint Kitts and Nevis, Saint Lucia, Saint Vincent
and the Grenadines, Suriname, Trinidad and Tobago, Uruguay, Venezuela

AMR

Bolivia, Ecuador, Guatemala, Haiti, Nicaragua, Peru

W} O

EMR

Bahrain, Cyprus, Iran (Islamic Republic of), Jordan, Kuwait, Lebanon, Libyan Arab
Jamahiriya, Oman, Qatar, Saudi Arabia, Syrian Arab Republic, Tunisia, United Arab
Emirates

EMR

Afghanistan, Djibouti, Egypt, Irag, Morocco, Pakistan, Somalia, Sudan, Yemen

> O

EUR

Andorra, Austria, Belgium, Croatia, Czech Republic, Denmark, Finland, France,
Germany, Greece, Iceland, Ireland, Israel, Italy, Luxembourg, Malta, Monaco,
Netherlands, Norway, Portugal, San Marino, Slovenia, Spain, Sweden, Switzerland,
United Kingdom

EUR |B

Albania, Armenia, Azerbaijan, Bosnia and Herzegovina, Bulgaria, Georgia, Kyrgyzstan,
Poland, Romania, Slovakia, Tajikistan, The Former Yugoslav Republic of Macedonia,
Turkey, Turkmenistan, Uzbekistan, Yugoslavia

EUR (C

Belarus, Estonia, Hungary, Kazakhstan, Latvia, Lithuania, Republic of Moldova,
Russian Federation, Ukraine

SEARIB

Indonesia, Sri Lanka, Thailand

SEAR|D

Bangladesh, Bhutan, Democratic People’s Republic of Korea, India, Maldives,
Myanmar, Nepal

WPR |A

Australia, Brunei Darussalam, Japan, New Zealand, Singapore

WPR |B

Cambodia, China, Cook Islands, Fiji, Kiribati, Lao People’s Democratic Republic,
Malaysia, Marshall Islands, Micronesia (Federated States of), Mongolia, Nauru, Niue,
Palau, Papua New Guinea, Philippines, Republic of Korea, Samoa, Solomon Islands,
Tonga, Tuvalu, Vanuatu, Viet Nam

A: very low child mortality and very low adult mortality;

B: low child mortality and low adult mortality;

C: low child mortality and high adult mortality;

D: high child mortality and high adult mortality;

E: high child mortality and very high adult mortality.

High- mortality developing sub-regions: AFR-D, AFR-E, AMR-D, EMR-D, SEAR-D.
Low-mortality developing sub-regions: AMR-B, EMR-B. SEAR-B. WPR-B.
Developed sub-regions: AMR-A, EUR-A, EUR-B, EUR-C and WPR-A.
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Estimating fruit and vegetable consumption worldwide

The rest of this chapter describes the research methods devised to estimate fruit and
vegetable consumption worldwide for the burden of disease analysis, and discusses the

methodological constraints.

Defining fruit and vegetable intake as a risk factor
In this study, the risk factor was an aggregate measure designated “fruit and vegetable

intake’ which is defined as being total fruit and vegetable consumption, including fruit
and vegetable juices but excluding potatoes, pulses and starchy vegetables as this is
consistent with current international recommendations '*7.'* 2. Intake was treated as a

continuous variable and expressed in grams per person per day.

Criteria for considering sources of data on fruit and vegetable
intake

Potential sources of data on intake and supply
Data on dietary intake and supply of fruit and vegetables may be available at the
national, household, and individual level. The following sub-sections briefly describe

these potential sources of information and the extent to which they were used for the

study.

I: National level
The most commonly-used source of information at the national level is data from food

balance sheets, published by the Food and Agriculture Organization of the United
Nations (FAO) for 176 countries 0 148 Food balance sheets provide standardized
estimates of the average amount of food available per person on a daily basis. They are
calculated by estimating the quantity of food produced in a given country added to the
quantity of food imported (adjusted for changes in stocks), and subtracting the food
exported, lost in storage and transport, fed to livestock, or used for non-dietary
purposes, with some adjustment for wastage. The estimated national food supply is
then divided by estimated population size to derive per capita figures (in kg per person
per year). The main limitation of food balance statistics is that they tend to reflect
national food availability patterns rather than actual dietary intake and are thus a
reflection of both intake and wastage at the household level. As a result, they cannot
provide information on the dietary intake of different population sub-groups and they

tend to overestimate food consumption, particularly in developed countries. However,



time trends in food availability tend to parallel those reported in household surveys '+

so FAO food balance sheets constitute a useful tool for international comparisons.

II: Household level

Household-based surveys, where the unit of measurement is the household rather than
the individual, are undertaken to explore the diversity of food consumption patterns
among communities. They can give information about dietary patterns among different
groups, making distinctions between geographical sub-regions, income categories and
family types. The most frequently used methods to collect data are the food account
method, the inventory method, the household food record method, and the list-recall
d 150

metho Household surveys have several limitations: they cannot provide

information on individuals; they are subject to sampling errors; they sometimes exclude
foods consumed outside the home or certain food groups (e.g. sweets, alcoholic
beverages, etc.); and some methods are subject to recall bias. In addition, they are
available for only a limited number of countries and the diversity of the methods used
make international comparisons difficult. Due to these limitations, data from household

surveys were not used in this research.

HI: Individual level
It is generally agreed that there is a marked lack of internationally comparable data at

an individual level. This is partly due to the difficulties associated with measuring the
dietary intake of individuals, including potential measurement error and bias. In spite of
this, data collected at the individual level provide invaluable information on the mean
dietary intakes of population sub-groups (e.g. stratified by age and sex) and variability
in intakes. They are thus essential if intake estimates are to be stratified (necessary for

the GBD methodology).

Data on present or recent food consumption are collected using four main techniques:
(1) the 24-hour recall; (2) food records (with or without weighing of foods); (3) food
frequency questionnaires; (4) food history. Details of these methods and their
limitations can be found elsewhere '*° 1!, The choice of method to collect data at the
individual level will normally depend on the objectives of the study and on the
resources available. When the main objective is to obtain the mean consumption of a
group of individuals, it is generally sufficient to use a single 24-hour recall or a one-day

food record. This approach is often used in large national surveys of dietary intake as it
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represents a relatively small burden for the respondents and is associated with relatively
low costs. The main caveat in using information covering only one day is that it tends
to increase artificially the standard deviation of the estimates due to high day-to-day
variation. Thus, the observed distribution of intakes has extreme values that are higher
and lower than any of the true long-term averages for any individual. Including several
days of data collection Br each respondent will normally dampen day-to-day variation
but it will also increase the burden on the respondents and the costs. If the objective of
the study is to assess the distribution of food consumption in a group or the position of
an individual’s intake within the population, more complex methods such as repeated
24-hour recalls or food records, food frequency questionnaires (FFQ), or dietary history
are needed. These approaches have been used mostly in cohort studies or smaller, more
focused surveys of dietary intake; they have less frequently been used in national

surveys of dietary intake.

Sources of data used
Only dietary surveys with data collected at the individual level can provide information

on mean intakes and variability in intakes in population subgroups. Thus, this source of
information was used as the “gold standard”. The initial aim was to identify data from
at least one valid and representative population-based survey of dietary intake for each

of the 191 countries covered by the GBD.

This was not however possible as currently only a few countries (mainly economically
developed) have conducted representative national or sub-regional surveys of dietary
intake at the individual level, while a few others have performed surveys in selected
sections of the population only. Conversely, for the majority of countries in the world,
yearly estimates of available food supply exist only in the form of the FAO Food
Balance Sheets. These food balance sheets were used to complement data collected at

the individual level, when required. The methods used and the sub-regions to which

they were applied are described below.

Criteria for including sources of individual level data
The main criteria used for including sources of individual level data of fruit and

vegetable intake were as follows:

e Time frame: The study was relatively recent—defined as having been performed

since 1980;



* Study sample: The reference population was described and the sample was
representative of this population;

* The sampling strategy was documented and was as close as possible to random
sampling;

* The sample size was large (sample size calculation ideally included) with as wide
an age range as possible was included;

¢ The level of nonrresponse was documented:;

* Study design: Only population-based cross-sectional studies, baseline assessment of
large cohort studies (sample representative of the general population), or large
interventions (sample representative of the general population) were considered for
inclusion. Case—control studies were excluded from the selection process:

e Validity of the methods: The methods used to collect data were as free of bias as
possible;

e Data were collected at the level of the individual;

e The statistical analysis of the data was appropriate;

e Type of dietary information: Data on fruit and vegetable intake had to be available
as grams per day and not as frequencies (e.g. <l serving a day, 1-2 servings a day,

every day, etc.).

Search strategy for the identification of dietary intake data
Dietary intake data were identified using a comprehensive worldwide search which

included computerized databases of published articles, library catalogues, hand-
searching of bibliographies, an internet search of possible sources of data, and
extensive contact with experts in the field, national governments, and nongovernmental

organizations.

Computerized databases and library search
I used the following computerized sources of information in the search process:

Medline, CAB abstracts, and Embase. MESH terms used to search in Medline and
HealthStar included “Fruit”, “Vegetables”. “Nutrition-Surveys”, “Diet-Surveys”, and
“Food-Habits” (each term included all subheadings). Similar search terms were used in
the other databases but adapted to the specific database search facilities. The search

was restricted to human studies published in all languages since 1980.

63



I rejected articles on initial screen if it was possible to determine from the title and
abstract that the article did not provide estimates of fruit and vegetable intake of a
population or did not report data from a representative population-based survey of
dietary intake. When a title or abstract could not be rejected with certainty, the full text
of the article was obtained for further evaluation. Citation lists in the articles retrieved

were reviewed. Random checks were performed by a second reviewer .

The following catalogues were searched for other publications and conference
proceedings that could provide appropriate data: the University of London; the British
Library; the former Resource Centre of the Public Health Nutrition Unit at the London
School of Hygiene and Tropical Medicine; libraries at the UN Food and Agriculture
Organization (FAO), Rome and the Ministry of Agriculture, Food and Fisheries
(MAFF) in the United Kingdom. Citation lists in the documents retrieved were

reviewed.

Internet searches
Internet searches (using “Google” search engine—http://www.google.com) had two

objectives: to locate original sources of food intake data available on the internet, and
to identify national and international organizations that could identify possible data
sources including academic departments of nutrition or dietetics, food and nutrition

agencies, and ministries of health.

Messages requesting help in identifying data sources were also posted to four scientific
mailing lists: (1) NUTEPI@listserv.gmd.de (nutritional epidemiology); (2) food- for-
thought(@jiscmail.ac.uk (nutrition); (3) public-health@jiscmail.ac.uk (public health);

and (4) epidemio-l@cc.umontreal.ca (epidemiology).

Contacts with experts
Numerous direct contacts were made with WHO Regional Nutrition Advisers and other

experts, seeking references to published or unpublished data sources or for the
identification of appropriate contact persons. Experts were defined as corresponding
authors of large population-based studies of dietary intake. or contact persons in
governmental agencies or country-specific nutrition organizations (this included

existing networks involving the WHO, the International Obesity Task Force, and other

international nutritional networks).

64



Methods for obtaining estimates of national intake

Methods used where more than one data source exists
The following hierarchy of data quality was used to select one source of data for a

given country where more than one data source was available:

* national survey of individual dietary intake;

* large sample survey of good quality—its quality being assessed from its general
design, method of data collection (appropriate method applied adequately, ideally
with data collected prospectively), potential sources of bias (limited), and
generalisability (representative sample of the population surveyed); and

e small sample survey of good quality—its quality being assessed as discussed above.

Methods for obtaining estimates where no data source exists

I: Data on mean intakes not available for some age or sex groups

Attempts were made to contact the original investigators to obtain data disaggregated
into the required age categories. However, this was not always possible and so indirect

estimates were made using the following approaches.

Il: Data not available for children
Few of the available dietary intake surveys contained data from children under 18

years. To extrapolate intakes of children, two sources of information were used.

147 suggested that

Published estimates on energy requirements for infants and children
girls and boys aged 5—14 years require approximately 15% and 20% less dietary energy
than adult women and men respectively. The figures for girls and boys aged 04 years
are about 40% and 50% less than adults of the same sex respectively. These estimates
may, however, vary among countries and they will depend on the true energy

expenditure of the children.

Using data from the surveys collected for this study, it was estimated that boys and
girls aged 5-14 and those aged 04 years consume, respectively, about 20% and 45%
less fruit and vegetables than adults aged 30-59 years.

On the assumption that fruit and vegetable consumption decreases proportionally with
energy intake in children compared with adults, the two sources of information tend to

agree. Thus, the following adjustment factors were used:



* Children 5-14 years: 20% lower fruit and vegetable intake than adults aged 30-59.
* Children 04 years: 45% lower fruit and vegetable intake than adults aged 30-59.

ll: Data not available for the elderly
Many surveys only included adults up to age 60-65 years. Once again. published

estimates of energy requirements '*7 and available survey data on fruit and vegetable
intakes were used to derive an adjustment factor. Figures based on energy requirements
suggest that men and women in older age groups consume approximately 10-15% less

energy than middle-aged adults.

Information on fruit and vegetable intakes from survey data (collected for this research)
indicate that men and women aged 70-79 years consume approximately the same
amount of fruit and vegetables daily, on average, as their counterparts aged 30-59
years, while individuals aged 80 years and over consume approximately 10% less fruit

and vegetables than middle-aged adults.

Based on these observations, the following assumptions were made.

¢ Individuals aged 70-79 years consume the éame amount of fruit and vegetables as
individuals in the closest age group (60—69 years).

¢ Individuals aged 80+ years consume 10% less fruit and vegetables than those aged
30-59 years.

e However, when the resulting estimates were greater than the reported intakes of
survey participants aged 70-79, a different approach was taken: it was assumed that
individuals aged 80+ years had an intake of fruit and vegetables similar to the

intake observed in the 70-79 age group.

IV: Surveys where the age groups did not correspond to the GBD age
groups
In these cases, the results available for the most similar age categories (greatest overlap

of ages) were applied, weighing for population sizes when necessary.

V: Data on mean intakes available for only one gender or for males and
females taken together
In the case of Mexico, adult data were available only for women. In the case of France.

only the overall mean intakes by age group (males and females taken together were
available) were accessible. Using data available from the surveys obtained, it was

estimated that. on average, males consume approximately only 1% more fruit and
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vegetables than females. It was thus assumed that Mexican and French males consume

similar amounts of fruit and vegetables to their female counterparts.

VI: Data on standard deviations not available
In some cases, survey information did not include calculations of standard deviations

although these were necessary for the GBD methodology. The authors of the studies
were contacted and, in some countries, the required figures were provided. When this

was not possible, the following assumptions were made:

* When standard deviations were missing for one or more age groups and for one or
more countries within a sub-region (usually for children or the elderly), data were
pooled, based on the information available (all countries with information for these
age groups).

* When standard deviations for all age groups were missing for a country, the
standard deviations of the country within the same sub-region displaying the most
similar mean intakes and method of data collection were applied. For example, for
the United Kingdom, the standard deviations from Germany were used.

However, since data on sample size are required for the estimation of the pooled

standard deviation (and its confidence interval), pooled estimates were based only on

the information available from the surveys. The following sections describe the

assumptions and extrapolations that were made.

ViI: Data on standard deviation and sample size not available for all
countries in a sub-region

For two sub-regions (SEAR-D and EMR-B) the survey data available included only
mean intakes. As a result, it was not possible to extrapolate standard deviations from
other countries within the same sub-region. Thus, the pooled standard deviations of the

sub-region displaying the closest sub-regional mean intakes were applied (EUR-C for

SEAR-D and EUR-B for EMR-B).

Another approach to the extrapolation of missing standard deviations could have been
to use the standard deviations of a sub-region that is close geographically, that has
similar economic characteristics, and for which data were available. With SEAR-D, for
example, a possible choice may have been to use the standard deviations of WPR-B.
However, as the standard deviations obtained for WPR-B are smaller than those of

EUR-C, it was decided to opt for an approach that used the larger standard deviation,
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hence the choice of EUR-C. For EMR-B, there was no obvious choice among the sub-

regions for which data were available and thus the standard deviations of EUR-B were

retained.

VIII: Data on mean intakes unavailable for a sub-region
When survey data were unavailable for all countries within a sub-region, it was

originally planned to apply the results obtained for another sub-region displaying the
most similar fruit and vegetable availability (from FAO Food Balance Sheets
information) and demographic and health characteristics (using data from the World
Health Report 2000 °°, the World Bank classification of economies based on gross
national product '*?, and the CIA World Factbook !53 )-

The dietary patterns of the African country groupings (AFR-D and AFR-E), and of the
EMR-D, SEAR-B, and AMR-D groupings are too different from those in the other

GBD sub-regions to allow for valid extrapolation.

As an alternative approach, FAO food balance sheet data were combined with survey
information to obtain FAO-derived proxy mean intakes by age group and sex for the
five sub-regions for which no individual survey data were identified (as described in
the following section). This approach was likely to provide more valid estimates of
mean sub-regional fruit and vegetable intakes than extrapolations from other sub-

regions, as the basis of the calculations was information collected directly from within

each country within the sub-region.

Methods for estimating FAO-derived proxy mean intakes

Country-specific data on availability of fruit (excluding wine) and vegetables
(excluding potatoes) and estimates of population size were downloaded from the
FAOstat database on the FAO internet website for the appropriate time-frame '**.
Three-year averages (1996-1998) were calculated in order to reduce the effect of
yearly variations. These data were then used to calculate sub-regional population-
weighted average fruit and vegetable availability in grams per person per day. For
seven relatively small countries, no estimates were available (Bahrain, Bhutan,
Equatorial Guinea, Oman, Qatar, Samoa, Singapore). Estimates of sub-regional food

availability (1996—1998) are listed in Table 3-2.
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Table 3-2 Fruit and vegetable availability by GBD sub-region

(199698 average)
Sub-region with no available l:-'ruit and vegetable availability
lsurvey data grams/person.day)
AFR-D 291
AFR-E 194
AMR-D 317
EMR-D 323
EAR-B 05

Source: FAOstat Food Balance Sheets Statistics 2001

What differences are found when comparing data from food balance
sheets and dietary surveys?

As mentioned earlier, food balance sheets provide information on the amounts of foods
available for consumers and are thus a reflection of both intake and waste at the
household level. Although food supply statistics are commonly used in ecological
studies of diet and disease, little information is available on how they actually compare
with reported intakes of foods. It has been reported that the balance sheets tend to
overestimate intakes in developed market economies 18 In developing countries, such
as those included in the five sub-regions for which no survey data were obtained 152 it
has been suggested that food balance sheets are likely to underestimate food
availability as they do not take account of food grown for home consumption or wild
food collected. However, few studies have tested this hypothesis. In Nepal and
Pakistan, the average energy consumption from intake surveys was found to be about

10% higher than that from FAO food balance sheets 155156,

Using survey data obtained for this project, a comparison was made between fruit and
vegetable availability from FAO availability statistics and estimates of national mean
intakes derived from national food consumption surveys. For each country, mean
national supply, based on at least 3 years of FAO data, was calculated. National
estimates of mean fruit and vegetable intakes were derived from population-based
surveys from fifteen countries, gathered for this study. For each country, the
FAO:survey estimate ratio was calculated. This ratio ranged from 0.93 to 2.70 (median
value=1.39). Although there was a tendency for FAO data to overestimate intakes
(fourteen out of fifteen countries), the degree of overestimation varied greatly among

the countries included in this study (5-270 %) 137 As food supply statistics are the only
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source of information on dietary patterns in most countries of the world, further
information on how they reflect food intakes is needed. In view of these contradictory
results and because of the lack of further available information, no correction factor
was applied to the FAO estimates in the calculations of the FAO-derived proxy mean

intakes for the five sub-regions with no available survey data.

Estimating age-sex distributions for FAO-derived proxy mean
intakes

As food balance sheets do not provide information on food intake by sex and age
group, an attempt was then made to estimate how the total availability of fuit and
vegetables in a sub-region would be distributed among the different sex and age

groups. To achieve this objective, a two-step process was used.

The proportion of total fruit and vegetable intake consumed by the different age/sex
groups for each sub-region with available survey data was estimated. As expected, the
distributions of intakes were strongly influenced by the population structures of the

sub-regions.

For each of AFR-D, AFR-E, AMR-D, EMR-D, and SEAR-B, the calculated
distributions of intakes (Step 1) of the sub-region displaying the most similar
population structure (Table 3-3) was applied to the FAO availability data. As a result,

FAQO-derived proxy mean intakes by age and sex were obtained.

Table 3-3 Details of sub-regional extrapolation of age—sex intake distribution

for sub-regions where no survey data were available

ISub-region with no available survey |Distribution of intakes extrapolated from
data

AFR-D EMR-B

AFR-E EMR-B

AMR-D EMR-B

EMR-D EMR-B

SEAR-B SEAR-D

Obtaining standard deviation estimates for FAO-derived proxy
mean intakes
In order to obtain estimates of standard deviations when FAQO-derived proxy mean

intakes were used, the following approach was used. Proxy intakes were compared with

all other sub-regional mean intakes. The standard deviations of the sub-region
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displaying the most similar sub-regional intakes and closest level of socioeconomic
development were then applied to AFR-D, AFR-E, AMR-D, EMR-D and SEAR-D,
(Table 3-4).

Table 34 Details of sub-regional extrapolation of standard deviations for sub-

regions where no survey data was available

lzub-region using FAO-derived Sub-region from which standard deviations
roxy intake estimates re extrapolated

AFR-D EMR-D

AFR-E SEAR-D

AMR-D EMR-B

EMR-D EMR-B

SEAR-B SEAR-D

Description of intake survey data included
Details of the 26 studies from which survey data were available and which are included

in this project are described in Table 3-5. The proportion of the sub-regional population

covered by these countries is given in Table 3-6. This proportion is generally high or
acceptable except for two sub-regions (EMR-B = 1.4%; EUR-B = 3.8%).

Twenty-two of the surveys were national. For Argentina, a compilation of small
representative surveys was provided—these cover the majority of the country. All but
two studies were from the 1990s. Most surveys used information from one 24-hour
dietary recall or food diary. Other methods of data collection included multiple 24-hour
recalls, 7-day weighed food records, food-frequency questionnaire, and food history.
The majority of the surveys attempted to provide nationally representative samples,
most using stratified random sampling. Sample sizes ranged from about 1000 people

(Argentina) to over 22 000 (Belgium).

Characteristics of excluded studies
Due to the paucity of available information on fruit and vegetable intake at the

individual level, few studies were excluded. Reasons for exclusion included the
following:
e Another source of data was used for the country (e.g. more representative sample of

the population or better method of data collection);

e The amounts consumed in grams per day could not be derived from the survey;

e The data were not representative of the population of the country:
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Table 3-5

Details of the dietary intake studies used

Sub-

Country Contact/ Name of survey Sample Dietary data Year Sample |[Sex [Age Limitation
region Reference (if any) ~ collection method size range
AMR-A {United States |19, 159 USDA Continuing Survey|Nationally representative  |Two 24-hr dietary [1994-96 |4 806 MF 25-75yrs
of America of Food Intakes of sample recall—non-
Individuals consecutive days
AMR-B |Argentina 160 Collection of various Random samples in 7-day records 1999-2000 {1 068 MF 0+yrs  |Collection of several small
dietary surveys in Greater Buenos Aires, surveys. Very small sample
Argentina Province of Buenos Aires, size in 60+ yrs excluded
West Areas (Mendoza). (n = 35). In West Areas
(Salta), recruitment through
a nutrition program
Mexico 161 National Nutrition Survey |Representative sample of [Not known 2000 2 646 F 12-49yrs |No data on adult males.
21 000 families Data on children not
provided.
EMR-B [Kuwait 162 Kuwait Total Diet Study [Not known Not known Not MF 0+ yrs No SD
known
EUR-A |Belgium 163 Belgian Interuniversity {Random sample form One 24-hrrecall |1980-84 (22224 |MF 25-74 yrs
Research on Nutrition  |voting lists in 42 out of 43
and Health Belgian Districts
Denmark 164 Dietary habits in Random sample from 7-day food record {1995 3098 MF 1-79 yrs
Denmark Central Population register
Finland 165 Dietary Survey of Finnish [Random sample (age One 24-hrrecall 11997 3153 MF 25-74 yrs
Adults stratified), cross-sectional-
5 sub-regions
France 166 INCA: Enquéte Representative national 7-day food record {1998-99 {3 003 MF 3+ yrs Means for males and
Individuelle et Nationale |[sample females jointly
sur les Consommations No SD/ sample size
Alimentaires
Germany 167 German Nutrition Survey |Representative national Dietary history 1998 4030 MF 18-79 yrs
sample
Ireland 168 National Health and 2 stage sampling using Semi-quantitative |1998 6 332 MF 18+ yrs
Lifestyle Survey Irish Electoral register food-frequency
uestionnaire

/ continued ...




Table 3-5 (continued) Details of the dietary intake studies used

Sub- Country Contact/  |Name of survey Sample Dietary data Year Sample |Sex |Age Limitation
region Reference |(if any) collection method size range
EUR-A |lsrael 169 First National Health and Representative national  }24-hr recall (in 1999-2001}1 963 MF 25-64yrs
(contd) Nutrition Survey sample 50% 2 recalls)
Italy 170 INN-CA - Nation-wide Multistage random sample |7-day food diaries |1994-96 {2734 MF 0+ yrs
Nutritional Survey of Food  |of households with sub-
Behaviour of the Italian regional stratification
Population
Norway m National Dietary Survey Representative random Selfadministered [1997 4 465 MF 16-79yrs
sample of the population  |food-frequency
questionnaire
United 172475 National Diet and Nutrition ~ [Nationally representative  |7-day weighed 1986-2000 {Each MF 1.5-4.5/ |[No SD for combined fruit
Kingdom Survey (4 surveys) random sample from record (4-days for |4 surveys |survey 4-18/  |and vegetable intake, not
postcode address files under 5 yrs) ~2 000 16-64 / |correct age categories
>65 yrs
EUR-B |Bulgaria 176 National Dietary and Nationally representative |24 hr estimated {1998 2 800 MF 1->75
Nutritional Survey of the popn |quota sample consumption yrs
of Bulgaria .
EUR-C |Estonia Ry Baltic Nutrition Survey Random sample from the |One 24-hrrecall {1997 2108 MF 18-65 yrs
National Population
Register
Kazakhstan  |178 National survey of the state of |Nationally representative  |One 24-hrrecall  |1996 3480 MF 15-80 yrs
nutrition in the Republic of random sample
Kazakhstan
Latvia L Baltic Nutrition Survey Random sample from the |One 24-hr recall {1997 2308 MF 18-65 yrs
National Population
Register
Lithuania L Baltic Nutrition Survey Random sample from the |One 24-hrrecall 1997 2153 MF 18-65 yrs
National Population
Register
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Table 3-5 (continued) Details of the dietary intake studies used

Sub- Country Contact/  |Name of survey Sample Dietary data Year Sample |Sex |Age Limitation
region Reference |(if any) collection method size range
Russian 179 Russian Longitudinal Multistage probability One 24-hrrecall  |1998 9593 MF 0+yrs |No SD
Federation Monitoring Survey sample
SEAR-D |Bangladesh |18 Nutriion Survey of Rural Two stage systematic One 24-h weighed |1981-1982 |4 904 MF 1-70+ yrs|{No SD, different age
Bangladesh sampling for study record by trained categories
locations, and random dietary investigator
sampling of households
India 181 National Nutrition Monitoring |Varied survey designs One 24-hrrecall  {1994-96 |Compiled |MF 1-18+ yrs|No SD, different age
Bureau surveys (1994) and surveys of categories
District Nutrition Profiles 18 states,
(1995-6) 4 sub-
regions
WPR-A |Australia 182 National Dietary Survey in  |Multi-stage sample with One 24-hrrecall  |1995-96 13858 [MF 2+ yrs
Australia quota
Japan 183185 National Nutrition Survey Cross-sectional Nationwide | Semi-weighed 1- {1995 14240 |MF 1+ yrs
survey day food record
Singapore 186 National Nutrition Survey Random sample Food frequency [1998 2 388 MF 18-69 yrs
questionnaire
WPR-B |China 187 China Health and Nutrition  |Multistage random cluster |3 contiguous 24-hr | 1997 12194 |MF 0+ yrs
Survey sampling recall
F female M male
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Table 3-6 Proportion of sub-regional population for which survey data were

obtained
Sub-region % of sub-regional
population?

AFR-D -
AFR-E -
AMR-A 87.5
AMR-B 32.0
AMR-D -
EMR-B 1.4
EMR-D -
EUR-A 71.3
EUR-B 3.8
EUR-C 69.2
SEAR-B -
SEAR-D 93.7
WPR-A 97.6
WPR-B 84.0

Obtaining sub-regional estimates from dietary survey data
The following approach was used to obtain sub-regional estimates of fruit and

vegetable intake using available data from individual dietary surveys.

Obtaining estimates for sub-regions where data is available for two or
more countries

In order to obtain sub-regional means and standard deviations (and thus to obtain 95%
confidence intervals for these estimates) when data were available for two or more
countries within a sub-region, means and standard deviations were pooled. The
methods used are shown in Figure 3-1. It is assumed that each sub-region is a stratified
sample, with the strata being countries. Because of the lack of information on the
shape of the distributions of intakes, it was also assumed that intakes follow a normal

distribution (this assumption is discussed in more detail in the following section).

It is important to note that if there is substantial heterogeneity among countries in a
sub-region these methods will tend to underestimate the true standard error of the
pooled mean and pooled standard deviation. In addition, pooling includes only a few
countries within a sub-region. It was thus assumed that the pooled sub-regional mean
intake and standard deviation are representative of the true estimates and that

differences between the pooled estimates and errors due to nor-availability of data
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would cancel each other out. Finally, using data from only a few countries may
underestimate the true variation of intakes within a sub-region. However, for most sub-

regions with available data, a large proportion of the total sub-regional population was

covered by the surveys (Table 3-6).

Figure 3-1  Estimating the sub-regional mean intake

Estimation of the sub-regional (pooled) mean:

i = 2 Nix;
E N; . : . : :
where i=1,..., k sampled countries, Ni is the population of the ith

country and */ is the mean of the ith country.
95% confidence interval (CI) for this estimator:

The variance of this estimator can be derived using:

Var(ii) = (Yle)zVar(Z ;%)

and assuming the means are independent

- <ﬁ>zz Var(N; %) = (ﬁ)ZZNEVar@)

Where now:

Var(®,) =22 (1 -1y
n.

i N, , with si the standard deviation for the ith country, sample size ni.

n;
(1- Fi)

The term is the finite population correction.

The standard error of the estimator is the square root of the variance.

The 95% CI for the sub-regional (pooled) mean is calculated as:
= Sub-regional mean * (1.96 x standard error of this estimator)
Estimating the sub-regional standard deviation

Estimation of the sub-regional (pooled) variance and standard deviation:

2
62 - ZN,S’/éNI —6'2 _ ZN,.S%
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2
where O =pooled variance for the sub-region, i=1....k sampled countries, Ni is the

: . 2
population of the ith country and i is the variance (square of SD) of the ith country; N

is the sum of the Ni, in other words the sum of the populations of the sampled

countries. This is unbiased because the expected value of a sample country’s variance

2

b

2
is the sub-regional variance, i.e. E(*i )=0

1 2y _ 1 2 2
.2 —) NE(s)=—0“Y N; =0
. thenE(O'z):Nz 6D = oL,
*  95% CI for this estimator:
The 95% CI for the sub-regional (pooled) variance (6' 2 ) is approximated using:

* LowerCI = Sub-regional variance* (n-1) /x2(n-1,0.025)
e UpperCI = Sub-regional variance* (n-1) /x2(n-1,0.975)

where " = (Z ) and ni is the sample size for the ith country: n is thus the total size of

the sample taken from the sub-region.

Obtaining estimates for sub-regions where data is available for only one
country

In four country groupings (AMR-A, EMR-B, EUR-B. and WPR-B), only one source of
intake data was available. For AMR-A and WPR-B, the surveys were conducted in the
United States and China, respectively. As these countries represent 84-88% of the total
sub-regional population (Table 3-1), it was assumed that intake data from these
countries were representative of sub-regional intakes. For EMR-B and EUR-B,
however, the surveys were conducted in countries that represented only a very small
proportion of the total sub-regional population (1.4% and 3.8% respectively). For this

reason, a different approach based on pooling survey and FAO food balance sheet data

was used.

EMR-B: First, FAO-derived proxy mean intakes for the sub-region were calculated
using the method described above (when no survey data were available for a sub-
region). The sub-regional fruit and vegetable supply in AMR-A is the closest to that
observed in EMR-B. It was assumed that the sex/age sub-regional distribution of
intakes was similar to that observed in Kuwait. Second, the FAO-derived proxy mean

intakes were pooled with intake data from Kuwait to obtain mean intakes for EMR-B.
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EUR-B: First, FAO-derived proxy mean intake for the sub-region was calculated. It
was assumed that the distribution of intakes among sex/age groups was similar to that
observed in Bulgaria. Second, the FAO-derived mean proxy intakes were pooled with

intake data from Bulgaria to obtain pooled mean intakes for EUR-B.

Results of estimates of fruit and vegetable intake by sub-
region, age and sex categories

Estimates of fruit and vegetable intakes stratified by sub-region, age and sex are given
in Table 3-7 and Table 3-8. Results are presented as means, with 95% CI for the mean,

and as standard deviations with 95% CI for the standard deviation.

Estimates of fruit and vegetable intakes were highest in EUR-A, followed by WPR-A.
In these sub-regions, it is possible that reported consumption could have been inflated
by conscious (social desirability bias) or unconscious over-reporting of fruit and

vegetable intake by the survey respondents '®8

. The reported intakes in some countries
within these sub-regions are greater than expected. This is particularly the case for the
United Kingdom and Germany where the estimated mean national fruit and vegetable
consumption was higher than in Mediterranean countries such as Italy and Israel. It is
possible that recent public health campaigns, such as those that took place in Finland
18 coupled with changes in the retail trade, and thus in marketing and distribution of
fruit and vegetables, have improved the dietary habits and increased the fruit and
vegetable intake of these populations. This would be consistent with the striking
improvements in cardiovascular mortality in these populations. Conversely, it is
possible that the inclusion of fruit juices in the estimates of fruit and vegetable intakes
made the estimates appear larger than expected. Surprisingly, reported intakes in AMR-
A—the other highly economically developed sub-region—are on average only 74-82%
of those observed in the EUR-A and WPR-A. The lowest intakes were found in AMR-

B, in EUR-C, SEAR-B, SEAR-D, and AFR-E.

As expected, intakes varied by age group, with children and the elderly generally
having lower intakes than middle-aged adults. However, in a few sub-regions our
calculations yielded higher intakes for elderly individuals than younger adults. This
was the case particularly for AFR-E, AFR-D, and EMR-D, three groupings where
FAO-derived proxy mean intakes were calculated using the distribution of total intakes
from another grouping with available data. Because the true age/sex distribution in

AFR-E. AFR-D and EMR-D is slightly different from that of the chosen proxy
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grouping, the calculation of mean intake within each age—sex strata and the balance
among strata was affected. This is observed particularly in the smaller age strata
(especially among elderly people in these sub-regions). As a result, the FAO-proxy
mean intakes are less reliable in population strata with smaller sample sizes and must

be interpreted with caution.

Pooled standard deviation estimates were available from only seven groupings (AMR-
A, AMR-B, EUR-A, EUR-B, EUR-C, WPR-A, and WPR-B). For the other sub-
regions, data were applied from the sub-region displaying the most similar intakes by
age and sex, and when appropriate, method of data collection. These extrapolations
need to be regarded with caution, as the standard deviations of one sub-region may not
represent well the standard deviations of another sub-region despite similarity in overall
mean intakes. The results shown in Table 3-8 indicate that standard deviations varied
considerably by sub-region, sex and age group, with an overall median standard
deviation of 223 g/day. Estimates tended to be lower in females than in males on
average (but with variations by age group), and they were generally lower in young
children. In some sub-regions, standard deviations were also slightly smaller in the

elderly.

It is assumed that the reported fruit and vegetable intakes are normally distributed, due
to the lack of available information on the skewness of the distributions, except for the
United States where dietary intakes are typically skewed towards higher values 190,
However there was no empirical basis to expect skewness to apply to any other
country. The alternative, assuming a normal distribution, creates the problem that some
individuals will be recorded as having negative consumption. As this is impossible, the
normal distribution has been truncated at zero, with all those falling below this value
allocated a value of zero. The results of a sensitivity analysis, described below, based

on data from the United States suggest that the approach used is likely to be

conservative.
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Table 3-7

(grams per person per day)

Mean intake of fruits and vegetables by sub-region, age and sex

Sub- Sex Age Group (years)
region
0-4 5-14 15-29 30-44 45-59 60-69 70-79 80+
AFR-D Male 144 296 288 413 419 439 446 476
(115-173)  |(272-320)((256-319) {(378-448) |(386-452) | (403-476) (404-488) [(406-546)
Female |140 279 302 345 305 355 349 382
(113-167)  [(255-304)|(275-328) |(308-381) |(271-340) (320-390) |(306-392) (302462)
AFR-E Male 94 193 192 278 294 325 333 380
(82-105) (181-205)[(178-206) [(266-290) |(279-309) |(309-341) [(306-361) |(316-443)
Female |91 181 201 236 214 257 244 245
(78-103) (170-192)1(194-209) |(229-243) {(205-223) | (245-268) | (229-259) | (225-266)
AMR-A  |Male 278 247 257 305 338 369 387 364
(265-291) [(235-259)|(240-274) |(288-321) |(321-354) [(349-390) |(361-413) | (323-404)
Female |[262 236 234 261 307 335 346 348
(251-274) 1(224-248)|(221-248) | (248-274) |(292-321) |(318-352) |(325-367) |(316-380)
AMR-B  |Male 72 147 148 168 208 220 230 180
(42-103) (104-189)](124-171) |(143-194) [(148-268) |(160-280) [(171-290) |(120-239)
Female (82 134 167 218 204 220 235 230
(51-112) (78-191) [(153-182) [(111-324) {(153-255) |(168-271)|(183-286) |(178-281)
AMR-D  |Male 193 352 299 408 392 387 353 306
165-222) |(328-376){(268-330) [(372-443) |(360-425) |(351-424)|(311-395) |(236-377)
Female (192 339 316 332 287 328 287 241
(165-220) |(315-363)|(289-342) |(295-368) |(253-321) [(293-363) |(244-330) |(161-322)
EMR-B  [Male 218 335 296 368 374 392 350 334
(189-247)  1(311-359)|(265-327) | (333-404) |(341-407) |(355-428) |(308-392) [(264-404)
Female [218 327 323 362 346 392 336 319
(190-245) [(303-351)](297-350) [(325-398) [(311-380) [(357—427)|(293-378) | (238-399)
EMR-D  [Male 174 342 312 388 409 446 442 420
(145-203)  [(318-367)](281-343) |(353-424) |(376—442) {(410-482) |(400-485) {(350-490)
Female (174 333 348 352 319 385 372 409
(147-201)  |(308-357){(322-375) |(316-389) |(284-353) |(350—420) [(329-415) |(329-489)
EUR-A Male 232 299 423 450 488 511 515 469
(204-260) [(274-324)[(401-445) | (433-468) |(467-508) [(487-535) [(473-556) |(407-530)
Female (233 299 423 448 483 488 479 446
(211-255) [(279-318)((406—439) |(435-461) [(469-497) |(467-509) [(451-507) [(411-481)
EUR-B Male 263 374 396 352 396 366 358 300
(234-292) [(349-398){(365-427) |(317-388) |(363-428) |(330-403) |(316—400) {(230-370)
Female (238 372 344 333 383 352 358 303
(211-265) [(348-396){(317-370) |(296-369) |(348-417) |(317-387) |(315-401) |(223-383)
EUR-C Male 134 198 233 237 246 254 233 233
(122-146)  [(185-210){(218-247) |(225-249) |(231-261) |(237-270) | (206-260) | (169-297)
Female |133 182 196 187 202 200 209 190
(121-146)  [(171-193){(188-204) [(180-194) [(193-211) | (189-211) |(194-224) [(170-211)
SEAR-B |Male 108 198 245 243 258 248 244 225
(96-120) (185-210)|(231-259) [(232-255) |(243-273) [(231-264) |(217-272) |(161-288)
Female |107 183 201 195 202 201 201 173
(94-120) (172-195){(194-209) {(188-202) |(193-211) [(190-212) [(187-216) |(153-194)
SEAR-D |Male 94 177 258 262 262 259 259 234
(82-106) (165-190)|(244-272) {(250-274) |(247-277) [(243-275) | (232-286) |(170-298)
Female |95 170 224 229 227 229 228 205
(82-108) (159-182)1(217-232) [(222-236) [(218-236) {(218-240)|(213-243) | (185-226

Numbers in brackets are the 95% confidence intervals
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Table 3-7 (continued)

Mean intake of fruits and vegetables by sub-region,

age and sex (grams per person per day)

Sub- Sex Age Group (years)
region 04 514 [15-29 [30-44 |45-59 |60-69 |70-79 |80+
WPRA |Mae  |264 345 366 376 450 491 446 415
(253-275) |(333-356)|(355-378) | (367-386) [(439462) | (474-509) | (428—463) |(398433)
Female |232 342 352 383 486 485 440 386
(222-242)  |(332-351)|(342-362) | (374-392) |(475-497) | (469-501) | (424—456) |(370-402)
WPR-B__ |Male  |204 274 344 346 360 335 304 258
(187-221)  |(266-282)|(336-352) |(338-354) |(350-370) |(320-350) |(285-323) [ (221-294)
Female |190 270 37 334 345 304 273 250
(170-209)  |(261-279)1(308-325) | (326-341) |(336-355) | (292-317) |(257-288) |(221-278

Numbers in brackets are the 95% confidence intervals
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Table 3-8

Standard deviations of fruits and vegetables by sub-region, age and sex (grams per person per day)

Sub-region{Sex Age group (years)
04 5-14 15-29 30-44 45-59 60-69 70-79 80+
AFR-D Male 175.0 2448 2931 225.0 220.7 2134 2351 2146
(156.7-198.2) (228.7-263.3) (272.6-316.9) (202.4-253.3) (199.6-246.8) (190.4-242.8) (208.6-269.3) (174.1-279.9)
Female ]163.3 240.8 2476 2245 2374 210.5 2515 239.0
(146.0-185.3) (224.8-259.3) (230.2-267.9) (201.2-253.9) (215.3-264.6) (188.4-238.5) (224.4-286.1) (192.8-314.6)
AFR-E Male 96.2 178.6 2549 220.7 231.5 192.6 176.3 165.8
(88.6-105.3) (170.3-187.8)  |(247.5-262.7)  |(214.7-227.1)  [(224.3-239.3)  [(183.5-202.6)  [(159.9-196.4)  [(130.0-228.9)
Female ]105.5 155.9 163.4 157.6 171.6 168.2 163.5 115.4
(97.3-115.3) (148.4-164.2) (206.3-222.2) (189.6-202.3) (166.9-176.5) (161.2-175.1) (144.2-164.1) (102.5-132.0)
AMR-A Male 239.0 2213 297.0 299.3 297.8 295.8 295.8 318.7
(230.2-2484)  [(213.0-230.3)  |(285.3-309.8)  [(288.0-311.5)  |(286.5-310.0)  (282.0-310.9)  [(278.5-315.5)  [(292.5-350.1)
Female [222.5 2091 2304 236.3 2624 243.3 2228 2434
(214.4-231.2)  [(201.1-217.8)  |(221.2-2405)  [(227.3-246.0)  [(2524-273.2)  |(231.6-256.2)  [(209.1-2384)  [(222.8-268.1)
AMR-B Male 163.3 2943 4701 260.0 390.3 390.3 390.3 390.3
(1344-1784)  [(229.8-409.4)  [(438.2-507.0)  [(210.9-339.2)  [(312.9-518.9)  [(312.9-518.9)  |(312.9-518.9)  {(312.9-518.9)
Female {160.2 3418 293.6 718.2 260.5 260.5 260.5 260.5
(141.2-185.2)  |(250.2-539.1)  |(272.8-317.9)  |(515.0-1185.6)  |(190.7-410.8)  [(190.7-410.8)  |(190.7410.8)  |(190.7-410.8)
AMR-D Male 175.0 244 8 2931 225.0 220.7 2134 2351 2146
(156.7-198.2) (228.7-263.3) (272.6-316.9)  |(202.4-253.3) (199.6-246.8) (190.4-242.8) (208.6-269.3) (174.1-279.9)
Female [163.3 240.8 2476 224.5 2374 210.5 2515 239.0
(146.0-185.3)  [(224.8-259.3)  [(230.2-267.9)  [(201.2-253.9)  {(215.3-264.6)  [(188.4-2385)  |(2244-286.1)  [(192.8-314.6)
EMR-B Male 175.0 244 8 293.1 225.0 220.7 2134 2351 214.6
(156.7-198.2) (228.7-263.3) (272.6-316.9) (202.4-253.3) (199.6-246.8) (190.4-242.8) (208.6-269.3) (174.1-279.9)
Female [163.3 240.8 247.6 2245 2374 210.5 2515 239.0
(146.0-185.3) (224.8-259.3) (230.2-267.9) (201.2-253.9) (215.3-264.6) (188.4-238.5) (224.4-286.1) (192.8-314.6)
EMR-D Male 175.0 2448 293.1 2250 220.7 2134 2351 2146
(156.7-198.2) (228.7-263.3) (272.6-316.9) (202.4-253.3) (199.6-246.8) (190.4-242.8) (208.6-269.3) (174.1-279.9)
Female [163.3 240.8 2476 2245 2374 210.5 2515 239.0
(146.0-185.3) (224.8-259.3) (230.2-267.9) (201.2-253.9) (215.3-264.6) (188.4-238.5) (224.4-286.1) (192.8-314.6)

Numbers in brackets are the 95% confidence intervals
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Table 3.8 (continued) Standard deviations of fruits and vegetables by sub-region, age and sex (grams per person per day)

Sub- Sex Age group (years)
region
04 5-14 15-29 30-44 45-59 6069 70-79 80+
EUR-A Male 3479 2847 350.3 312.2 3454 283.7 344.6 289.7
(333.9-363.1) (273.9-296 4) (341.5-359.7) (306.3-318.3) (338.6-352.5) (275.9-292.0) (332.0-358.2) (269.1-314.2)
Female {2804 226.2 290.2 254.2 262.4 265.8 3171 266.6
(269.2-2926)  [(217.5-235.8)  [(283.2-297.4)  [(252.0-258.9)  |(257.2-267.7)  [(258.3-273.8)  {(305.1-330.1)  [(250.1-285.8)
EUR-B Male 175.0 244 8 293.1 225.0 220.7 2134 235.1 214.6
(156.7-198.2) (228.7-263.3) (272.6-316.9) (202.4-253.3) (199.6-246.8) (190.4-242.8) (208.6-269.3) (174.1-279.9)
Female [163.3 240.8 247.6 224.5 2374 210.5 251.5 239.0
(146.0-185.3) (224.8-259.3) (230.2-267.9) (201.2-253.9) (215.3-264.6) (188.4-238.5) (224.4-286.1) (192.8-314.6)
EUR-C Male 96.2 178.6 254.9 220.7 2315 192.6 176.3 165.8
(88.6-105.3) (170.3-187.8) (247.5-262.7) (214.7-227.1) (224.3-239.3) (183.5-202.6) (159.9-196.4) (130.0-228.9)
Female [105.5 155.9 163.4 157.6 171.6 168.2 153.5 115.4
(97.3-115.3) (148.4-164.2) (206.3-222.2) (189.6-202.3) (166.9-176.5) (161.2-175.1) (144.2-164.1) (102.5-132.0)
SEAR-B |Male 96.2 178.6 254.9 220.7 231.5 192.6 176.3 165.8
(88.6-105.3) (170.3-187.8)  |(247.5-262.7)  |(214.7-227.1)  |(224.3-239.3)  }(183.5-202.6)  ](159.9-196.4)  [(130.0-228.9)
Female |105.5 155.9 163.4 157.6 171.6 168.2 1535 1154
(97.3-115.3) (148.4-164.2) (206.3-222.2)  |(189.6-202.3) (166.9-176.5) (161.2-175.1) (144.2-164.1) (102.5-132.0)
SEAR-D [|Male 96.2 178.6 254.9 220.7 2315 192.6 176.3 165.8
(88.6-105.3) (170.3-187.8) (247.5-262.7) (214.7-227.1) (224.3-239.3) (183.5-202.6) (159.9-196.4) (130.0-228.9)
Female (1055 155.9 163.4 157.6 171.6 168.2 153.5 115.4
(97.3-115.3) (148.4-164.2) (206.3-222.2) (189.6-202.3) (166.9-176.5) (161.2-175.1) (144.2-164.1) (102.5-132.0)
WPR-A Male 2014 204.9 255.5 239.6 268.0 278.1 249.8 238.7
(190.9-213.2) 198.7-206.7) (249.4-261.9) (234.2-245.3) (261.4-275.1) (268.1-288.8) (237.8-263.1) (220.0-260.9)
Female |158.1 190.4 234.2 229.8 260.0 262.0 2414 217.3
(149.8-167 4) (184.6-196.7) (228.7-240.1) (224.8-235.1) (253.7-266.6) (252.9-271.7) (231.6-252.1) (203.7-232.8)
WPR-B Male 110.1 136.1 161.5 157.3 167.7 167.1 141.3 147 1
(99.2-123.7) (130.7-142.0) (155.9-167.5)  [(151.8-163.2) (161.2-174.7) (157.1-178.4) (129.1-156.0) (125.0-178.8)
Female |107.5 146.0 150.2 153.2 161.9 148.4 130.9 136.2
(95.4-123.1) (139.9-152.7)  |(144.6-156.3) 148.1-158.7)  |(155.6-168.8)  [(140.0-157.9)  |(120.6-143.2) (118.6-159.9)

83




Quantitative and qualitative sources of uncertainty

One major source of uncertainty is that the collective term “fruit and vegetables™
comprises a very heterogeneous group of foods in different countries and cultures. For
example, in a western diet, fruit and vegetables include roots, leaves, stems, fruit, and
seeds from more than 40 botanical families '°!. They can be consumed fresh or cooked
in many different ways that will influence their biochemical content. Biochemical
composition also varies among different types of the same fruit. For example. the
vitamin C content of different types of apple varies 10 fold. Composition is also subject
to differences in growing conditions, such as soil composition, and storage conditions,
a factor of increasing importance as commodities are transported globally to ensure
year-round supply in developed countries. It was decided to keep fruit and vegetables
as a single entity for two main reasons. First, there remains uncertainty as to which
components of fruit and vegetables would confer a protective effect. Even if the
relevant constituents had been correctly identified, the nature of their relationship to
disease risk would still need to be specified correctly. Second, obtaining intake data for
specific foods (for this project) would have been even more difficult than for fruit and

vegetables taken together.

Seasons also influence the amounts and variety of fruit and vegetables consumed.
Furthermore, evidence is emerging to link seasonality of consumption of fresh fruit and
vegetables to the pattern of cardiovascular disease mortality in some countries °. It is
possible that the consequences for disease of an annual cycle of seasonal excesses and
out-of-season shortages (as in the less economically developed countries of the former
Soviet Union) may be quite different to the effects of consuming a similar annual level
where counter-seasonal supplies ensure that there is no period of very low consumption
(as in the affluent countries of north-west Europe). However, in the absence of either
information on national variations in fruit and vegetable intake or of relevant
epidemiological evidence, it was assumed that it is the long-term annualized average of
fruit and vegetable intake that best predicts disease risk. Yet the need for caution is
illustrated by the case of alcohol, where risk of cardiovascular disease appears to be
more sensitive to the pattern of alcohol consumption over time as well as the total

amount consumed 2. It is also assumed that the estimates used represent annualized

mean intakes.
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The choice of data sources may also have influenced the final estimates. It was decided
that dietary surveys of representative population samples would be used as the gold
standard in this project. However, the quality and validity of individual level data
depend on the ability (and willingness) of each individual to provide accurate
information on his/her dietary intake'*°. If the aim is to assess current diet, the
procedures involved in measuring dietary intake may lead to changes in behaviour. If
the aim is to measure past diet, then the reliability of the information provided will
depend on memory and on the conceptual abilities of the respondents. Other difficulties
include the conversion of food frequencies into mean intakes in surveys that used food-
frequency questionnaires, and the limitations and completeness of the various
computerized food analysis softwares used in different countries. Finally. it is possible
that the survey respondents were not entirely representative of the reference

populations, even though most data were from national surveys of dietary intakes.

In dietary surveys, variation, as measured by standard deviations, is influenced by the
method used to collect data. As noted earlier, it is recognized that methods based on
only one day of data collection (e.g. one 24-hour recall or one day of food record) tend
artificially to increase standard deviations due to large intra-individual variation in

193 Most of the surveys used in this study were based on only one day

intakes
(sometimes two days) of information. It is thus expected that standard deviations were
overestimated. However, as described earlier, the method used to pool data from two or
more surveys tends to underestimate the level of uncertainty surrounding the pooled
standard deviation for the sub-region based on a sub-sample of countries if there is

substantial between-country variation.

Although I sought to obtain dietary survey data for each country, few such data exist
and thus food availability statistics were used for sub-regions where no or few data
were available. The validity of food balance sheet statistics depends on the availability
and validity of the basic national data on which they are based, including statistics on
population, production, stock, import and export. These are known to vary among
countries, and from one year to another, both in terms of coverage and accuracy '**.
The net availability of vegetables is affected by factors such as non-commercial
production and uncertain losses to animal feed. spoilage and waste. However, the FAO

performs external consistency checking using supplementary information such as

household survey results as well as the application of rele vant technical, nutritional and
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economic expertise in an attempt to eliminate these potential deficiencies. In this study
I have used at least three years of FAO data in order to trv to reduce the effect of
potential yearly variations in coverage and accuracy. However, the current lack of
information on adjustment factors to apply to FAO Food Balance Sheet data in
developing countries creates a source of uncertainty. Finally, extrapolation from one
country to others remains an important source of uncertainty, especially in the presence

of inter-country heterogeneity.

Sensitivity analysis: skewed distributions and calculation of
the attributable fraction

Data from the United States were used to evaluate the possible effects of skewness in
the distribution of fruit and vegetable intake on the calculation of the attributable
fraction for AMR-A region. The data indicated a positive skewness ranging from 1.5 to
3. To approximate this type of skewed distribution, the Weibull PDF was utilized by
varying the shape and scale parameters (decreasing the shape parameter of a Weibull

increases positive skewness away from a normal distribution).

Figure 3-2 illustrates a normal distribution with a fruit and vegetable mean intake of
300 g/day and standard deviation of 300 g/day. A significant part of the population with
a normal distribution is truncated at zero consumption (approx 10% of the population in
this example). The skewed distribution is the approximation of what the actual intake

data resembles (skewness is 2 in this illustration). Note that all data in the skewed

distribution are non-zero (even though it appears that there are zero values).

The attributable fraction was then calculated, for the two different distributions, for

ischaemic heart disease. The result for the truncated normal distribution with
probability mass at zero was 35%. Incorporating a skewness value of 2 resulted in an

attributable fraction of 38%, thus suggesting that the general approach taken is the

more conservative.
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Figure 3-2  Illustration of skewed and normal distribution based on data from
the United States.
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Conclusions

This chapter presents the methods used for estimating the consumption of fruit and
vegetables worldwide. Although there are several different sources of dietary data
available at a national level, an innovative approach was developed for estimating fruit
and vegetable intake to fulfil the requirements for the global burden of disease study.
The approach had to take into account the large variations in data sources available for
many countries. Available data estimations and extrapolations provided mean (and

standard deviations) for fruit and vegetable intake by sub-regions of the world. The
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fruit and vegetable intake estimations are presented by sub-region, gender and age
groups. The results show that the availability and quality of fruit and vegetable intake
data varies considerably between countries, and especially between world sub-regions.
Unsurprisingly, the most comprehensive data from nationally representative intake

surveys was found from Europe and the USA. Africa had the greatest paucity of data.

There are a large number of potential sources of uncertainty in the methods used for
intake estimation. These include parameter uncertainty, which can sometimes be
quantified (e.g. due to measurement error), and model uncertainty due to gaps in
theory, measurement technology or simply lack of data, plus the extrapolation of
exposure from one population to another. The last issue was a problem for estimating
regional fruit and vegetable intake as in some regions of the world there are few studies
reporting individual dietary intake. However, it is felt that the methodology for
estimating intake s justified in the context of the Global Burden of Disease study.
Given the limitations of the data, there were two options for this global project; either
exclude those regions without good quality representative intake survey data (meaning
that the focus of diet as a risk factor would have been in developed countries, ignoring
the rapid epidemiological and nutrition transition occurring worldwide); or use clear
assumptions and extrapolations, which may stimulate the need for more research on

dietary intake in developing and transition countries with poor resources.

The following chapters present the relevant risk factor epidemiology, discussing how

the relationship between fruit and vegetable intake and major non-communicable

diseases is quantified for the global burden of disease analysis.
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Chapter 4 Risk factor epidemiology

This chapter explores the putative relationship between fruit and vegetable
consumption and the outcomes being studied in this thesis, focussing on the question of

whether such relationships can be considered causal.

The choice of outcomes attributable to low fruit and vegetable consumption was guided
mainly by previous reviews of the literature. Those of Ness and Powles ** and Law and

Morris *

8 suggested a protective effect of fruit and vegetables for coronary heart disease
and stroke. The review from the World Cancer Research Fund (WCRF) and American
Institute of Cancer (AIC) looking at a wide range of cancers !* concluded that the
evidence for fruit and vegetables decreasing cancer risk was convincing for lung and
digestive tract cancers. In this thesis, cancers of the lung, oesophagus, stomach, colon
and rectum were examined, leaving cancers of the mouth and pharynx for future
research. Cancers for which the WCRF/AIC review reported only a probable
association (larynx, pancreas and bladder cancers) or limited evidence of an association
(cancers which may have a hormonal aetiology including ovary, endometrium, thyroid
and prostate) were not included in the CRA project at this stage.

Although there is also limited evidence for other health outcomes such as diabetes,
chronic obstructive pulmonary disease and cataract *°;*’, it was decided not to include
these in the 2000 revision of the GBD project because the number of published studies
is currently too limited to draw conclusions on the size of any effect on these outcomes.
Again, consideration of the relevant evidence is a subject for future research. Although
other types of cardiovascular disease, such as peripheral vascular disease, share nost
risk factors with ischaemic heart disease and occlusive stroke, these outcomes were

also excluded from the current thesis because of the so far limited information on a

possible relationship with fruit and vegetable intake.

Evidence for causal relationships with the selected health

outcomes
In considering the implications of research for exposures and outcomes in

epidemiological studies, it is essential to distinguish mere association from causality.
Bradford Hill’s criteria of biological plausibility, temporality, strength, consistency,

dose-response, and experimental evidence, were considered in order to determine the
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likelihood of causality for the association of fruit and vegetable intake with the six

selected health outcomes.

Biological plausibility

Evidence of causality for the relationship between fruit and vegetable consumption and
health can be obtained from the identification of possible biological mechanisms. A
number of mechanisms have been proposed '’!. They generally involve specific
nutrient and non-nutrient constituents of fruit and vegetables, including antioxidants
and various other micronutrients in fruit and vegetables. However. few attempts have

been made simultaneously to explore a combination of potential mechanisms.

The issue of biological plausibility is extremely complex and evidence remains
fragmentary. There are several reasons for this. First, it is very difficult, in conventional
epidemiological studies, to specify precisely the exposure to different types of foods or
food components over a prolonged period of time. As demonstrated in chapter 3,
obtaining valid information on individual dietary intake is very difficult. Even where
this is possible, it is likely that the true content of the reported foods will have varied
due to differences within particular types of food (such as different brands of oranges),
differences in methods of food preparation, and seasoml variation in food composition.
Second, while the growth in understanding of molecular mechanisms of disease is
identifying many new factors, in particular non-nutrient components of food which
may be important in preventing specific diseases, in many cases their existence, let
alone their possible importance, was not known at the time when cohort studies now
reporting results were established (e.g. gluconisolates in brassicas'”> and isoflavones in
soya!®®, both of which appear to reduce incidence of some types of cancer). The
incompleteness of current food composition tables is a major limitation for the

assessment of the possible effect of varying intakes of these substances.

Consequently, much of the available research on the assessment of biological
mechanisms is based on studies in animals and often involves the administration of
pharmacological, rather than physiological, doses of various substances. This raises
important questions about the applicability of such studies to humans. These

reservations must therefore be borne in mind when interpreting the evidence discussed

below.
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Cancer

The immediate cause of cancer is damage to DNA at some stage during the cell
197 : TP : :

cycle””’. At the risk of over-simplification, this can arise from one of three broad

mechanisms.

One is genetic, with obvious examples being certain childhood cancers, certain forms
of breast cancer (with the same genetic abnormality possibly also causing some forms

198

of prostate cancer) "°°, as well as disorders causing abnormalities that have a high

probability of malignant transformation, such as familial polyposis coli.

A second group of cancers are linked with endogenous hormonal patterns. The
association between reproductive history and some forms of breast cancer is perhaps

199

the best-known example . There is, however, growing evidence that the incidence of

some of these cancers is determined, to some extent, by patterns of growth in early life
20 mediated by levels of insulin-related growth factor. Hormonal influences are also
likely to be important in the aetiology of prostate cancer and some cancers linked with

obesity.

A third mechanism involves the action of exogenous carcinogens such as those
compounds produced from combustion of tobacco. They include a wide range of other
chemical agents, such as asbestos or benzene, ionising radiation, and, as is being
increasingly recognized, many infectious agents (e.g. Helicobacter Pylori as a major

cause of stomach cancer).

These factors may, of course, act together in certain cases. Thus, the risk of colorectal
cancer appears to be influenced by diet, and by implication, exogenous carcinogens. It
is also influenced by an individual’s acetylator status, which is determined genetically
and which leads to certain dietary derived carcinogenic chemicals being excreted either
in the bile, when they can then act on colonic mucosa, or in the urine 2°'. A greater risk

is also associated with high circulating levels of the growth promoting hormone IGF-1
202

From this brief review it is apparent that fruit or vegetable consumption might only be
expected to influence directly the risk of certain cancers and not others, and even where
they do have a role this is likely to be modulated by a wide variety of other factors, the

importance of which will vary in different populations.
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The substances present in fruit and vegetables that might have an impact on cancer
incidence can be divided into agents that block the action of carcinogens (Table 4-1).
agents that suppress the progress of carcinogenesis (Table 4-2), and antioxidants, which
can prevent oxidative DNA damage. Some of these agents have both complementary

and overlapping mechanisms of action.

Table 4-1 Selected blocking agents present in fruit and vegetables

Component Fruit/ vegetable

Terpenes 203 Citrus fruit

Organosulphides 204 Allium vegetables: onion, leek, garlic, scallions, chives

Indoles 205 Cruciferous vegetables

Flavonoids 208 Onions, apples, citrus fruit, tea, coffee, cola, alcoholic beverages

Carotenoids 207 Yellow and orange vegetables and fruits, green leafy vegetables
Table 4-2 Selected carcinogenesis suppressing agents present in fruit and
vegetables

Component Fruit/ vegetable

Protease inhibitors 208 Legumes, potatoes, spinach, broccoli, cucumbers

Terpenes Citrus fruit

Isothiocyanates Cruciferous vegetables

Plant sterols 2° Vegetables, beans, seeds

Carotenoids Yellow and orange vegetables and fruits, green leafy vegetables

. . . . . . . . 210 21 1 . 2[2
Antioxidants include certain vitamins, such as vitamins C and E "', carotenoids

(including beta-carotene and other compounds such as flavonoids), and selenium.
These act by scavenging free radicals that would otherwise damage DNA. In doing so

they would reduce the impact of certain exogenous carcinogens.

In general, any protective effect that fruit and vegetables might exert is more likely to

be apparent with cancers where exogenows carcinogens play a major part. Examples
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include lung, stomach, and colorectal cancer. Evidence from observational studies
seems to support this. The WCRF/AIC review of the literature'® concluded that the
evidence for fruit and vegetables decreasing cancer risk was convincing for orak
pharyngeal, lung and digestive tract cancers; that there was a probable association for
larynx, pancreas and bladder cancers; and that the evidence was limited for cancers
which may have a hormonal aetiology including those of the ovary. endometrium,

thyroid, and prostate.

The case of stomach cancer is perhaps best understood®, showing the complexity
involved. Helicobacter Pylori infection is thought to lead to cancer by causing
inflammation in the pylorus. This would lead to the production by the host of
interleukin 1B, a cytokine with a wide range of effects. These include both the
generation of an intense local inflammatory response and a powerful inhibition of acid
secretion. In susceptible individuals, the combined effects would lead to progressive
atrophy, metaplasia and eventually carcinogenesis. There is, however, a considerable
degree of individual variation in the probability that Helicobacter Pylori infection will
follow this course. One factor is the existence of polymorphisms in the interleukin 18
gene that modulate the inflammatory response. A second is modulation of the
progression to atrophy by dietary antioxidants. Thus, an individual with Helicobacter
infection may be protected by genetic status, diet, or both. The latter is complicated
further by the presence of polymorphisms in genes controlling other factors in the
cytokine cascade, such as the Tumour Necrosis Factor. Research so far has been based
largely on laboratory work in animals. Epidemiological research must take account of
the long time scale involved but must also find ways of categorising individuals’

dietary exposures and genetic status.

Most research has been at a more general level, examining either the effect of a specific
compound or of overall fruit and vegetable consumption. Research into the former has
yielded mixed results. While many studies have shown an association between high
beta-carotene intake and reduced risk of cancer, especially lung and stomach cancer’'?,
a highly publicized study among smokers receiving vitamin supplements, including
beta-carotene, found that they were associated with an increased rate of lung cancer.
Similarly, while a recent meta-analysis found a small reduction in the risk of breast

214

cancer with high levels of fruit and vegetable consumption ", some large studies

looking at vitamin supplements have found no effect 213 218 However, the effect of
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dietary composition in the post-pubertal years is likely to be greatest for such cancers
with hormonal aetiologies, as diet during this phase of growth may influence breast

cancer risk substantially via its effect on body size, age of menarche, etc.

Given the many substances potentially involved in protecting against cancer. and the
diverse mechanisms involved, these mixed results have highlighted the need to look at
non-nutrient components of fruit and vegetables. Research is now investigating, among
others, the potential impact of other food components such as bioactive compounds
(allium compounds, dithiolthiones, isothiocyanates. terpenoids, isoflavones, protease
inhibitors, phytic acid, polyphenols, glucosinolates and indoles, flavonoids, plant
sterols, saponins, and coumarins). For example, a controlled trial of the consumption of
300 g Brussels sprouts per day for 3 weeks reported a significant decrease of 28% in
oxidative DNA damage 2'”.

In summary, there are many possible mechanisms by which fruit and vegetable
consumption might reduce the risk of cancer but our knowledge is handicapped by the
uncertainty with regard to the many pathways involved in carcinogenesis and the
relative quantitative importance of each of the mechanisms that, on current knowledge,
could plausibly be involved. However, it appears that the impact of diet is likely to be
greatest for carncers caused by specific external carcinogens, such as gastrointestinal
and lung cancer, and less important for cancers where endocrine factors play a greater
role, such as breast and prostate cancer. The overall importance of diet in a given
population will clearly reflect the prevalent pattern of exposure to specific carcinogens
as well as differences in genetic susceptibility. Thus, an agent that acts to protect
against the effects of a particular carcinogen will have less of an effect in a population

where exposure to that carcinogen is rare than where it is common.

Cardiovascular disease
As with cancer, the multiple mechanisms by which fruit and vegetable consumption

might act on the risk of cardiovascular disease are difficult to disentangle because of
inadequate understanding of the determinants of disease. Most research has
concentrated on atherosclerosis, but other potential mechanisms by which fruit and
vegetables could impact indirectly on cardiovascular risk include a link with blood
pressure modulation, through the high potassium content of some fruit and vegetables
191 218 " o with chronic respiratory disease (associated with fruit and \egetables—and

their constituents) and vascular disease risk. For the sake of simplicity this short review
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will focus on ischaemic heart disease, although some issues are also relevant to

cerebrovascular disease.

Atheroma is thought to arise as a result of monocytes adhering to endothelial cells and
migrating into the arterial intima where they become macrophages. taking up low-
density lipoprotein, subsequently becoming foam cells. The role of fruit and vegetables
in monocyte adhesion is increasingly well understood. Methionine, derived from
dietary protein, is converted within cells to homocysteine. In this process. a methyl
group that is essential for DNA synthesis and certain other compounds are generated.
The homocysteine is then either remethylated, in a reaction in which folic acid and
vitamin B12 are essential co-factors, or is irreversibly broken down to cysteine, in a

reaction that requires vitamin B6 as a co-factor 2!

. Thus. a deficiency of any of these
vitamins will give rise to an elevated level of homocysteine. However, the
remethylation reaction may also be compromised by a mutation (677C—T) in the
enzyme involved. This mutation is present in about 15% of the European population
220 High levels of homocysteine contribute to the generation of free radicals, and thus
oxidative damage, in enthothelial cells. This leads to deactivation of cellular nitric

221 and thus the aggregation of monocytes and platelets, as well as

oxide
vasoconstriction. These, in turn, promote atherogenesis. There is now compelling
epidemiological evidence to link homocysteine and vascular disease. A meta-analysis
showed that the risk of cardiovascular disease increased with plasma homocysteine,
with odds ratios of 1.6 (1.4-2.3) and 1.8 (1.4-2.3) per 5 pmol/L increment in plasma
homocysteine in men and women respectively. The relationship was similar for
cerebrovascular disease 222. It is important to note, however, that it appears that
naturally occurring folate would be only about half as effective in reducing plasma

homocysteine as pharmacologically produced folic acid, and emerging research

suggests that the homocysteine mechanism is not as important as previously thought.

It is also possible that dietary factors might be involved in the mechanisms by which
the monocytes, turned into macrophages, become laden with low-density lipoprotein.
This involves the expression of two scavenger receptors on the macrophage surface 223
a phenomenon that is modulated by a transcription factor 224 the activity of which can
be affected by certain compounds such as glitazones. Further research is required to

determine whether food components play a similar role.
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It has been suggested that other components of fruit and vegetables, in particular
antioxidants, act at other stages in the process of atherogenesis. This theory gains
credence from the observation that differences in antioxidant activity are strongly
associated with differences in cardiovascular disease between the Baltic States and
Scandinavia 2. Such compounds could act by reducing the oxidation of low-density
lipoprotein, thus reducing the formation of fatty streaks and plaques. These antioxidant
compounds include vitamin C, which is involved in free radical scavenging,
haemostasis and in the stabilisation of lipid membranes “26 and beta-carotene. which
neutralizes singlet oxygen molecules and prevents chain formation, so reducing
oxidative processes that are important in atherogenesis 22’. Flavonoids also inhibit the
oxidation of low-density lipoprotein and reduce thrombotic tendencies. They are
believed to act by the scavenging of superoxide anions, singlet oxygen and lipid peroxy
radicals. Flavonoids also inhibit cyclo-oxygenase, so reducing platelet aggregation and

thus the risk of thrombosis.

Observational studies support a strong inverse association between plasma levels of
vitamins C and E and cardiovascular mortality 228'231, 22 However, only a few studies
have reported a significant inverse relationship between vitamin C specifically and
cardiovascular risk 2*3. Several reviews have found no significant benefit from vitamin
C after controlling for other antioxidant intake or multivitamin use 2**23°. Even those
that reported a benefit from vitamin C differ with regard to the point at which an effect
appears and the potential magnitude of the relationship. Some studies indicated an
increased risk of cardiovascular disease only at very low levels of plasma vitamin C,
with no effect within the range seen in most populations. Other studies have reported a
significantly reduced risk only in persons with the highest levels or with supplemental
intake. However, a recent study showed a significant decrease in cardiovascular and
ischaemic heart disease risk throughout the normal plasma range 233 Similarly,
although results from many observational studies suggest that higher serum levels of
beta-carotene reduce the risk of cardiovascular disease, systematic reviews have
concluded that evidence for a protective effect is inconsistent >3 236

As with studies of cancer. there is no clear evidence from intervention trials that
antioxidant supplements reduce the risk of cardiovascular disease 2*7 238 239 240 In the
case of beta-carotene there is even some evidence of harm. Several trials were not,

however, designed specifically to assess cardiovascular disease risk and did not provide
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data on non-fatal cardiovascular endpoints. In addition, most trials may have been of
insufficient duratior?*!. Some authors have suggested that the apparent protective
association found in observational studies could be due b residual confounding by

differences in socioeconomic status, health behaviour, and dietary intake?*2.

Many of the same challenges that arise with studies of the aetiology of cancer also
apply to ischaemic heart disease. First, if fruit and vegetables do affect atherogenesis,
then their effect will be modulated by other important factors that are involved in
atherogenesis and that are also influenced by diet. This is particularly the case for high-
density and low-density lipoproteins. These are determined primarily by the amount
and nature of fat in the diet but are also influenced by alcohol consumption, with the
precise effect determined by the pattern of drinking. In addition, it is important to
remember that atherogenesis is only one factor involved in myocardial infarction.

Another is thrombosis, which may also be influenced by certain dietary factors®*’.

Second, and less well recognized, cardiovascular disease embraces a wide variety of
different processes. In particular, it is becoming clear that some myocardial infarctions
in young people have a different aetiology. For example, binge drinking of alcohol is
recognized as an important factor in the high death rate from cardiovascular disease in
the former Soviet Unior’!, and it has been estimated that a quarter of non-fatal
myocardial infarctions in Americans aged between 18 and 45 are attributable to
cocaine?**. Even within the more conventional understanding of ischaemic heart
disease there are clearly differences between those whose atheroma predominantly
takes the form of plaques that are lipid-rich, and thus likely to lead to plaque rupture
and so to acute infarction, and those that are predominantly fibrous, with smooth

. . . . . . 245
muscle proliferation, which are more likely to cause progressive angina “*.

Experimental evidence

Trials of dietary changes

There is little experimental evidence for the health effects of increasing fruit and
vegetables in the diet. Obviously foods that are part of a usual diet are not easily
amenable to traditional trials in the general population. Although no trial examined just
giving advice to eat more fruit and vegetables on the disease outcomes considered in
this thesis, a few trials of dietary advice in secondary prevention of coronary heart

disease have included advice to eat more fruit and vegetables 2****%.
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The Diet and Reinfarction Trial (DART) was set up to examine the role of diet in
secondary prevention of myocardial infarction. Participants were randomized to receive
advice or no advice on each of three dietary factors: a reduction of fat intake and an
increase in the ratio of polyunsaturated to saturated fat, an increase in fatty fish intake.
or an increase in cereal fibre intake. Although the fat advice arm of the trial was
associated with an increased fruit and vegetable consumption of about 50 g/d, no effect
on total mortality at 2 years was observed (relative risk = 1.00, 95% CI 0.77-1.30) and
there was no effect on ischaemic heart disease events (ischaemic heart disease deaths
plus non-fatal myocardial infarction: relative risk =0.91, 95% CI 0.71-1.16) **°. 1t is
possible, however, that the increase in fruit and vegetable consumption was too small,
or that 2 years was not long enough, to produce a detectable effect. However, on the
latter issue evidence from an ecological study in Poland suggests that population
dietary changes can lead to reductions in ischaemic heart disease deaths in similar

timescales 28

The Lyon Diet Heart Study investigated whether a Mediterranean-type diet ould
reduce the rate of recurrence after a first myocardial infarction compared with a prudent
Western-type diet. Intermediate analysis showed a marked protective effect after 27
months of follow-up (73% reduction in rate of recurrence and death from
cardiovascular causes, relative risk =0.27, 95% CI 0.11-0.65) which was maintained
for four years after infarction (relative risk =0.28, 95% CI 0.15-0.53)**°. The increase
in fruit and vegetable consumption in the intervention group was thought to be an
important factor in risk reduction. However, as in the DART study, diet changed in a
number of ways during the trial and it is thus impossible to estimate the specific

influence of increased fruit and vegetable intake in either trial.

Evidence that increasing fruit and vegetable intake alone may be important as a dietary
intervention in reducing cardiovascular disease risk comes from the Indian Experiment
of Infarct Survival (IEIS) 2*’. This randomized controlled trial showed that the
consumption of a low-fat diet enriched with fruit and vegetables compared with a
standard low-fat diet was associated with about 40% (relative risk = 0.60, 95% CI
0.31-0.75) reduction in cardiac events and 45% (relative risk = 0.55, 95% CI 0.34—
0.75) reduction in mortality in 406 men with acute myocardial infarction after one year.

These findings suggest a very rapid effect of dietary change on incidence of and
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mortality from ischaemic heart disease that would appear to be difficult to explain

otherwise.

Some recent trials also assessed the impact of increased fruit and vegetable intake on
blood pressure. In the Dietary Approaches to Stop Hypertension (DASH) trial,
hypertensive participants were fed a control diet for three weeks and then were
randomized to receive for eight weeks either the control diet, a diet rich in fruit and
vegetables, or a combination diet rich in fruit and vegetables, and reduced in saturated
fat, fat and cholesterol 2°! %2, Both the combination diet and the fruit-and-vegetables
diet significantly reduced systolic and diastolic blood pressure. After eight weeks, 70%
of the participants on the combination diet had a normal blood pressure, 45% of those
on the fruit and vegetable diet, and 23% of those on the control diet. Unsurprisingly the
fruit and vegetable diet produced few changes in blood lipids and had less effect on
blood pressure reduction than the combination diet. Both diets showed that they could
potentially help reduce coronary heart disease risk. However, studies with a longer

follow-up would be required to assess the true long-term effect of such changes.

Another trial assessed the specific effect of increased guava intake in hypertensive
individuals 2°3. After four weeks, the diet rich in guava (0.5-1 kg/day) was associated
with 7.5/8.5 mmHg net decrease in mean systolic and diastolic pressures compared
with the control group, a significant decrease in serum total cholesterol (7.9%),
triglycerides (7.0%), and an insignificant increase in HDL-cholesterol (4.6%) with a
mild increase n the ratio of total to HDL-cholesterol. The authors suggested that an
increased consumption of guava fruit could cause a substantial reduction in blood
pressure and blood lipids without a decrease in HDL-cholesterol. These changes were
attributed to its high potassium and soluble fibre content, respectively. Further research

is needed to confirm this hypothesis with more widely applicable dietary changes.

Nutrient supplement trials
Due to the lack of trials of increased fruit and vegetable intake on health outcomes,

most data from intervention studies relate to studies of nutrient supplements.

Unfortunately, these trials have generally been of small sample size and relatively short

duration '°'.

In contrast to the results of observational studies. findings from trials of antioxidant and

vitamin supplementation have mostly shown no effect on mortality, cardiovascular
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events or incidence of cancer *>* 2% 2% 257 There has even been some concemn
following two trials that showed an increased risk of lung cancer mortality with beta-
carotene and vitamin A supplements in the Alpha-Tocopherol. Beta-Carotene and
Cancer Prevention (ATBC) study 2°® and the Beta-Carotene and Retinol Efficacy Trial
(CARET) 259 29 However, the recent Heart Protection Study (HPS) showed neither
benefit nor harm of supplementation with antioxidant vitamins after 5.5 years follow-
up. This double-blind randomized trial with a 2x2 factorial design investigated, in over
20 500 persons, the use of simvastatin and antioxidant vitamins (vitamin E, vitamin C,
and beta-carotene) 260 1t did not, however, assess the effect of folate, a micronutrient
that, at least on the basis of in vitro studies, might have been expected to have an

effect®®!.

One exception is the Linxian trial in China 22

. This trial showed reduced total mortality
after 6 years in the group supplemented with beta-carotene, alpha-tocopherol and
selenium compared with the placebo group. However, it is not possible to identify
which micronutrient contributed most to the lower mortality. Some trials have also
suggested that vitamin E supplementation may prevent ischaemic stroke in high-risk

hypertensive patients 2%°.

These generally negative findings, whilst initially surprising, are not entirely
unexpected given the large number of potentially active compounds in food and the
scope for interactions, both with other exogenous substances and genetic status. Given
that there are very few randomized-controlled trials that investigated the association of
fruit and vegetable consumption with disease outcomes, current evidence of causality is

mainly based on that derived from observational studies.

Strength of association
The review of the evidence from cohort and case—control studies generally supports the

hypothesis that a high dietary intake of fruit and vegetables is protective for
cardiovascular disease and certain cancers (see later). However, although many studies
have shown a significant inverse relationship between fruit and vegetables and cancer
or cardiovascular disease, the potential size of the protective effect has varied among
studies. Some have shown an increased risk of disease at very low intakes **, while
others have shown a reduced risk only in individuals with high intakes. Those studies
that reported statistically significant associations between the level of fruit and

vegetable consumption and disease outcome have. in general, produced consistent
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estimates of relative risks comparing high versus low intake. This is a relatively strong
association for the outcomes discussed in this chapter, especially taking into account

the dilution inherent in dietary exposure measurement.

Some authors have suggested that the association could be explained by
confounding265 . The studies and reviews included in this document have considered the
effect of confounders, but not all studies may have adequately adjusted for them.
Although confounding cannot be completely excluded as a partial exp lanation for the
observed association, recent large prospective nutrition studies provide evidence for a
protective association of fruit and vegetables after adjusting for a wide range of

potential risk factors (see chapter 5).

Consistency
Most studies of fruit and vegetable consumption show a generally consistent inverse

relationship with the six disease outcomes in different populations (see chapter 5)
There were virtually no studies of whole foods (thus excluding nutritional supplements)
that showed harmful associations, and many of the studies that reported a negative
association exhibited an insignificant inverse trend. The major caveat to this statement

is that there have been few studies in populations from developing countries.

Temporality

It is virtually axiomatic that fruit and vegetable consumption will precede disease
outcomes. The many cohort studies reviewed here that have long follow-up periods
provide more convincing evidence for temporality, as they are less likely to have been
affected by information bias, a major source of bias in case—control studies (e.g. recall

bias).

Evidence from the epidemiological literature shows that, in general, those people in the
highest categories of fruit and vegetable consumption have lower risk of cardiovascular
disease and cancers compared with those in the lowest consumption categories. Many
of the studies also reported a significant trend between the quartiles, quintiles or tertiles
of consumption and disease risk, and a few studies have reported significarnt effects

with fruit and vegetable treated as a continuous variable (see chapter 5).

The WCRF/AIC review'? attempted to estimate the dose—response relationship between
fruit and vegetable intake and various cancers. Using the strength of association across

all the large studies in the review, the authors adjusted the odds ratios and relative risk
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estimates to a common baseline before fitting a regression line through the resulting
points. There was a need to shift curves so that all studies had a common baseline as
there is no “zero consumption group” found with other risk factors such as smoking
and alcohol consumption. When looking at the relationship between lung cancer and
vegetable intake, the fitted regression line showed that the relative risk decreases by
about 50% as intake increases from 150 g/day to 400 g/day. An intake of >400 g/day
was always associated with a lower risk than an intake of 100 g/ day or less. For the
association of stomach cancer with fruit intake, the fitted regression line showed that
the relative risk decreased by about 50% as intake increased from 50 g/day to
300 g/day. An intake of >150 g/day was always associated with a lower risk than an
intake of 100 g/day or less.

Conclusions
There are still many uncertainties with regard to the mechanisms that lead to common

diseases, in the roles that fruit and vegetables could play in these mechanisms, and in
the particular substances in fruit and vegetables that are especially important. Different
studies have suggested that flavonoids, carotenoids, vitamin C, folic acid, and fibre
(amongst others) could play a protective role. However, it must be kept in mind that
studies based on single food constituents may underestimate the effects of exposures to
foods that are chemically complex, especially where different constituents act at
various stages along metabolic péthways. Also, single constituents can be a marker for
other active constituents (as the conflicting results between observational studies and
trials have suggested for beta-carotene)’>>, or even for a combination of constituents
that are responsible for the protective effect. Until these mechanisms are better
understood, it will not be possible to determine with any certainty, what precise role
specific components of fruit and vegetables might play. What can be said with some

confidence is that there is a wide variety of substances within fruit and vegetables that

appear to play a role in disease prevention.

The health outcomes selected for the GBD study were ischaemic heart disease,
cerebrovascular disease, and cancers of the lung, stomach, oesophagus, colon and
rectum. The choice of outcomes was guided by previous reviews of the literature which
reported a consistent protective effect of fruit and vegetable intake on these health
problems (see previous section) 32333 Before finally including these outcomes in the

GBD study, Bradford Hill’s criteria of biological plausibility, temporality. strength.
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consistency, dose-response, and experimental evidence, were considered in order to
determine the likelihood of causality for the association of fruit and vegetable intake
with these six selected health outcomes. There is growing evidence for an association
with other outcomes, including cancers of the bladder, pharynx and larynx !* and

obesity and diabetes 2%°, but it was considered that there were an insufficient number of

epidemiological studies for inclusion in this study.

The subsequent chapters describe the methods and results from the systematic review

and the meta-analyses used to quantify the relationships between fruit and vegetable

intake and these six disease outcomes.
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Chapter 5 Systematic review & meta-analysis methods

The associations between fruit and vegetable intake and various disease outcomes in
the thesis are based on a systematic review of the literature. This provided evidence
about the direction and size of the relationship between fruit and vegetable
consumption and the selected disease outcomes. This was complemented with meta-
analyses for four disease outcomes. This chapter describes the methods used to conduct
the systematic reviews and meta-analyses. The results, quantifying the risk factor-

disease relationships for the six outcomes are presented in the subsequent chapters.

Methods of the systematic literature review

Search strategy
Studies were identified through a systematic review of the literature. The following

databases were searched from 1980 to 2000, except for CAB abstracts where the search
was from 1987 to 2000:

e PUBMED

e Medline

e CAB Health and CAB Abstracts (including nutritional abstracts and reviews)

e The Cochrane Library (including DARE: Database of Abstracts and Reviews of
Effects)

e Web of Knowledge (including Web of Science and ISI database)

e EMBASE
The search strategy was designed to be used initially in PUBMED and adapted to the

other databases.

Free text terms used to search included (fruit* OR vegetable*) AND [(diet* OR food
habit*); with coronary heart disease, ischaemic heart disease, cerebrovascular disorder,
stroke, (lung OR colorectal OR stomach OR esophageal OR oesophageal) AND

(neoplasm OR cancer)]; limited to human studies and not animals.

MeSH terms used included diet*, food habit*, fruit* (not exploded to exclude nuts and
seeds), vegetable*; with coronary heart disease, ischaemic heart disease,
cerebrovascular disorder, stroke, (lung OR colorectal OR stomach OR esophageal OR

oesophageal) AND (neoplasm OR Cancer)); limited to human studies and not animals.
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The database search was complemented by a comprehensive search for grey literature
and other relevant material. This included a hand search of citations from books,
reviews and citations of references already located. Published systematic reviews
addressing fruit or vegetable intake and disease relationships were sought. Authors who
had published key studies and reviews in the field were also approached to help
identify any other studies, published or unpublished. Other nutritional experts in the
field were also contacted for references to studies not identified by the database search
process. These included WHO regional nutrition officers, coordinators of national fruit
and vegetable promotion programmes and WHO nutrition collaborating centres
worldwide. Messages requesting help in identifying data sources were posted on a

nutritional epidemiology scientific mailing list (NUTEPI@listserv.gmd.de). All

retrieved references were entered into one large Endnote bibliographic file.

Process for selecting included studies
Only papers or reports in English were considered (due to the language limitations of

the candidate). Articles were rejected on initial screening only if the reviewer could
determine from the title and abstract that the article was not a report of a study
researching the relationship between fruit and vegetable intake and the selected disease

outcomes.
The outcomes included in this systematic review were:

e Cardiovascular diseases: symptomatic heart disease, cerebrovascular disease and
total circulatory disease. Studies of peripheral vascular disease, all-cause mortality
and cardiovascular risk factors were excluded.

o Cancer: all histological types of the site-specific cancers were included but not
reviewed separately.

When a paper could not be rejected with certainty from review of the abstract, the full

text of the article was obtained for further evaluation. In each selected article, reference

lists were checked and other articles that appeared appropriate to the review were

retrieved.

Data collection
An Excel spreadsheet was used to assess studies inclusion (or otherwise) into the

review. The inclusion of studies was assessed independently by two assessors (the

candidate and Dr Louise Causer), and differences between reviewers’ results were
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resolved by discussion. Reasons for exclusion were noted. Data abstraction was
performed by the candidate and checked by the other assessor. Disagreements between
reviewers’ results were resolved by discussion and, when necessary, in consultation
with a third reviewer. When several articles described the same study, the most

complete article was used as the main source of data and the other articles used for

supplemental information.

Inclusion criteria

All studies that satisfied the following criteria were included in the systematic review

of the literature:

» studies that measured dietary intake of fruit and/or vegetables:

o studies of vegetarians that measured food intake; and

e a special focus was placed on studies that explored associations of fruit and
vegetable intake with diseases.

However, for completeness I have also ncluded studies that used as their exposure

variable proxy measures of intake derived from the measurement of intermediate

variables (such as dietary fibre) or biological markers (such as carotenoids, folate,

flavonoids, vitamins A and C not due to supplements) where there was a high

correlation with the specific food type.

Studies were excluded if any one of the following criteria was satisfied:

¢ The measurement of risk was based solely on blood biochemical markers with no
measure or estimate of dietary or nutrient intake;

e The study focus was on investigating the effect of non-dietary supplements;

e The outcome measure was prognosis, pre-cancerous lesions or pre-disease markers
rather than incident cases or mortality;

e The statistical analyses of the study were not adjusted for major confounding

factors such as age, sex and smoking.

Overview of studies identified by the systematic review
Details of all studies included in the review of the literature are described in chapters 6

and 7, where the assessment of cawsality for each outcome is discussed. A short

summary of the number of studies included in the systematic review is given in Table

5-1.
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Table 5-1

Summary of the studies included in the review of the literature

Outcome | Case—control studies Cohort studies
Number | Countries/sub-regions Number | Countries/sub-regions

covered covered
Ischaemic | Not 28 USA, Europe (north)
heart assessed and Japan
disease
Ischaemic | Not 22 USA, Europe (north)
stroke assessed and Japan
Lung 32 USA, Canada, China, 21 USA, Europe (north and
cancer Japan, Brazil, India, and south), Japan

Europe (north, south and

east)
Colorectal | 34 USA, Canada, China, 15 USA, Europe (north),
cancer Japan, Australia, Argentina, Japan

Uruguay, Russia,

Singapore, Europe (north

and south)
Gastric 32 USA, Canada, China, 14 USA, Europe (north),
cancer Japan, Korea, Mexico, Japan

Venezuela, Turkey, Europe

(north and south)
Oesophage | 28 USA, China, Japan, India, 4 China, Japan, Europe
al cancer South America, Europe (north)

(north and south)

Characteristics of the studies included in the literature review
The studies included in the review of the literature differed in many ways, including:

e the type of study design;

e the sex, age range and ethnicity of the study population;

e the method and validity of measurement of the dietary exposure;

e the method of reporting the dietary exposure (qualitative versus quantitative);
e the period of follow up;

e the outcome measured;

e the range of intake of fruit and vegetables of the study population;

e the underlying disease risk of the population (i.e. high versus low); and

o the potential confounders that were adjusted for.

These differences often made results difficult to compare directly between studies. The

fact that the majority of studies came from Europe, the United States and Japan is
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another limitation as it restricts the generalisability of the data to the rest of the world.

The details of the study differences are discussed in chapters 6 and 7.

Methods used to obtain the summary estimates of relative
risks

To date there have been few reported meta-analyses of the association of fruit and
vegetable intake with disease. In 1998, Law and Morris reported the results of a meta-
analysis of published cohort studies of the relationship of different markers of fruit and
vegetable consumption, including dietary intake of fruit and vegetables, on the risk of
ischaemic heart disease, adjusted for other factors 38 However, the results of this study
were criticized by some researchers who suggested that potential residual confounding

and heterogeneity among studies could have influenced the results 6>

More recently, a group of researchers reported the results of an unpublished meta-
analysis of previously published case—control and cohort studies. This has estimated the
association of total fruit or total vegetable consumption with oesophageal. gastric and
colorectal cancer 2%7. The methodology used had limitations; studies were included if
there was information necessary for the statistical analysis, but there was no assessment
of study quality or potential confounding. The studies had measured fruit and vegetable
intake in a range of ways, both quantitative and qualitative. If intake data were only
from qualitative assessments (i.e. a subjective categorization into high versus low
consumption), the amount of fruit and vegetables consumed in grams was estimated
from average consumption in other studies or data sources, including FAO food
balance sheets. The methodology used in this meta-analysis highlights the difficulties

in obtaining an accurate summary measure of association for studies of fruit and

vegetable intake.

Selection of studies for meta-analysis
Considering the large variations among studies with regard to study design. study

quality and measurement of both exposure and outcome, it appeared to be
methodologically inappropriate and potentially misleading, to obtain summary
measures of association by pooling results statistically from all the separate studies
identified in the systematic review. This view has also been taken by other researchers
who believe, given the quality and heterogeneity of the evidence for fruit and vegetable
consumption and the substantial potential error in the measurement of diet. that meta-

analyses are not appropriate for pooling observational studies and will only serve to
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attenuate the error without exploring the heterogeneity which may be important in diet-

disease relationships 33 40 268,

In this study it was decided first to apply strict criteria to select only the best quality
and most representative studies for the association of fruit and vegetable intake with

each disease outcome. Only the studies meeting these criteria were then eligible for

inclusion in a meta-analysis.

I applied the following selection criteria to the studies dentified in the systematic

review:

* Results from cohort studies were considered as more reliable evidence of
association than results from case—control studies. Thus, case—control studies were
excluded from the analysis.

o The sample size of the study was large and ideally representative of the population.

e The follow-up period was sufficiently long to expect an effect to be detected.

e The study population ideally included a broad age range.

e The methodology for data collection and analysis was robust and clearly
documented.

e The study collected data on total fruit and vegetable consumption and not just by
selected groups of fruit or vegetables (e.g. citrus fruit, green leafy vegetables, raw
and cooked vegetables).

¢ Dietary measurement had been validated and was detailed enough to quantify fruit
and vegetable consumption accurately (e.g. a food frequency questionnaire having
>40 items of fruit and vegetables is likely to be better than one that includes only 4
items).

e Studies in which dietary assessment performed us ing one 24-hour recall or food
record/diary were excluded.

o The statistical analyses were adjusted for important potential confounders.

e The information was available to enable the estimation of relative risk and
confidence intervals with intake treated as a continuous variable for meta-analysis.

The number of studies that met the selection criteria for each outcome is given in Table

5.2.
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Table §5-2 Number of cohort studies meeting the selection criteria for inc lusion

in a meta-analysis

Outcome Number of cohort studies Number of studies
reviewed meeting selection criteria
Ischaemic heart disease 28 4
Ischaemic stroke 22 2
Lung cancer 21 4
Colorectal cancer 15 3
Gastric cancer 14 1
Oesophageal cancer 4 0

Data preparation
In the GBD study, fruit and vegetable intake was treated as a continuous variable and

expressed in grams per person per day (see chapter 3). The final relative risk estimates
are expressed as the unit of change in relative risk associated with an 80 gram increase
in fruit and vegetable consumption—this amount representing a recognized standard
serving size '3. When data from the selected studies were not presented in this format, I

used the following methods:

Where food consumption was expressed in frequencies (e.g. number of servings per
day), these were multiplied by 80 grams — considered to be a standard portion size 13

— to give daily intake in grams/day.

Where the relative risk estimates were reported for various increments in intake (e.g.
for 100 grams or 1 gram increase in intake), the relative risk estimates were first
transformed onto a log scale and then divided by the comparison difference to give the

log relative risk per gram per day; these were then multiplied by 80 to give final

estimates expressed as per 80 gram increase.

Where an overall relative risk was not reported for consumption over the entire
population range, two methods were used to obtain the relative risk estimates. In
method 1, I estimated the additional g/day for which the relative risks given applied
(details are given in chapters 6 and 7 for each selected study). In method 2, the method
of Greenland and Longnecker 269 implemented in Stata 7. was used to estimate the
weighted regression slope over the published relative risks, allowing for correlations
due to a common reference category. This method uses all the published relative risks,
and should coincide approximately with method 1 if the log relative risks are linear on

consumption. When there is non- linearity the two methods will differ, with the second
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giving the best “average” slope over the whole consumption range, while the first gives
a better estimate of slope over a smaller consumption range. Where there is a tendency
for risk reduction to be less marked at higher consumption levels, method 2 will give a

more conservative estimate of the relative risk per consumption increase.

Standard errors were calculated on the log scale by taking the upper (log) confidence
limit minus the (log) estimated relative risk and dividing this by 1.96: standard errors
were also scaled in the same way as estimates to apply to an 80 g/day comparison

difference.

Meta-analysis
Where more than one study was identified using the selection criteria, I undertook a

meta-analysis to combine estimates and obtain a summary estimate of the relationship
between fruit and vegetable intake and the selected outcome 27°. The meta-analysis was
performed using study log relative risks and the corresponding standard errors and
implemented in Stata 7 (“meta” macro). Heterogeneity between studies was tested
using the chi-squared statistic. The random effects result was pre-specified conditional
on evidence of heterogeneity. When only two studies were available, fixed-effect meta-
analysis was used. Forest plots, showing the results for individual studies, were

prepared.

Extrapolations of the relative risk estimates to the GBD study

The studies used to derive relative risk estimates came mainly from Japan, the USA
and Western Europe. It is likely that differences in factors that interact with fruit and
vegetables also vary among populations. However, as these differences are not known,
the same relative risk estimates were applied to all regions, assuming no interaction
between the level of intake and sub-region on the associations. It is not possible to
verify whether this assumption is true as the study populations covered by the literature
reviews were from limited geographical areas, which did not allow sub-regional
comparisons. While it is important to consider the issue of transferring relative risks
across populations, this 5 likely to be a smaller source of uncertainty than how one

defines and measures exposure in such epidemiological studies.

Many of the studies covered only limited age ranges, with most being from middle-
aged or elderly populations. None of the studies were of children younger than 16 years

of age. A low intake of fruit and vegetables in childhood would be expected to be a risk
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factor for disease later in life?”!, but there is currently little evidence to support this. A
previous review for the New Zealand burden of disease and injury study proposed that
the age-specific relative risks for fruit-and-vegetable disease associations describes an
inverted u-curve, which assumes that the relative risk is one at the extremes of age (<25
years and >75 years)'®. The authors of the review argued that they do not expect
individuals less than 25 years to be at risk given that the outcomes are chronic diseases,
that such outcomes are rare in children, and that children have probably had insufficient
duration of exposure. They also applied reduced relative risks to older age groups (i.e.
applying a relative risk of one to everyone over 75 years) as there are high competing

mortality risks at these ages.

Because there is currently little evidence for significant variations in relative risk by
age and sex, the relative risk estimates were applied to both sexes and to all groups of
people aged between 15 and 69 years. Although studies of fruit and vegetable intake
have not quantified this there is, however, evidence from other, presumably
intermediate, risk factors like obesity and blood pressure. This suggests that age
attenuation is likely in relative risk at both extremes of age '°. However, due to the
current lack of information on how this would influence relative risks at varying intakes
of fruit and vegetables, approximate age attenuations were thus applied as follows:
relative risks were reduced by 25% for individuals aged 70-79 years and by 50% for
those aged 80 years and over. Under the age of 15 years, a relative risk of 1 was

applied.

Steps to assess and reduce bias
There are a number of generic methodological issues that could lead to the introduction

of bias in nutritional epidemiology studies. The following paragraphs briefly describe
confounding and the major sources of measurement, recall and selection biases
common to such studies, with a particular focus on issues that are specific to

conducting this systematic review of fruit and vegetables as a protective factor.

Confounding
Well-known potential confounders of the association of fruit and vegetable intake with

cardiovascular disease and cancer include. among others, sex, age and smoking. It is

possible that a high intake of fruit and vegetables may be associated with other healthy



behaviour, for example lower consumption of saturated fat or non-smoking. that also

have a protective effect on the selected outcomes.

In order to account for the potential effect of confounding on the relative risk estimates,
all studies that were identified in the review of the literature must have performed some
statistical adjustment for potential confounders. Most studies adjusted for the basic
confounding factors, age and sex. The majority of recent studies also controlled
statistically for a range of other variables including smoking, alcohol consumption,
total energy intake, other foods and food constituents (including saturated fat intake for
heart disease), body mass index, and vitamin supplementation. Some studies also
adjusted for socioeconomic status, educational level, ethnicity, occupation and place of
residence. The potential confounders that are specific to each of the selected disease
outcomes are discussed in more detail in chapter 6. It is important to note that statistical
adjustment for potential confounding implies accepting that the instruments used to
measure these potential confounders did this reasonably well. This may not be the case
for all potential confounders (e.g. energy intake or physical activity level). In addition,
even where there is a high degree of statistical control for potential confounding, the
possibility remains that part of the association estimated is due to uncontrolled

(residual) confounding 2%°.

Another method frequently used to take account of potential confounding is to restrict
the study population. For example, some studies included only nonrsmokers when
investigating the association of fruit and vegetable consumption with lung cancer. A

disadvantage of this approach is that it limits the generalisability of the study findings.

Selection bias
The issues related to selection bias in the studies reviewed for this project are similar to

those of studies investigating other risk factor—disease relationships. For example, it is
generally accepted that the selection of controls in case—control studies is likely to
influence the study results. Study participation is usually high for cases but lower for
controls; those who participate are more likely to be more health conscious, and thus

perhaps consume more fruit and vegetables 2712,

The studies reviewed employed a variety of approaches to reduce selection bias. For

example, many studies tried to match controls to their cases as closely as possible in
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terms of age and sex. The generalisability of the results is also influenced by the source

of controls with population-based controls being better than hospital-based controls.

Information bias

Exposure
In the studies included in the review of the literature, data on dietary intake were

collected using some form of diet history, food frequency questionnaire, 24-hour
dietary recall(s) or food diary/food record. Details regarding the technical aspects and
limitations of these methods of data collection were discussed in chapter 3.
Measurement error is an issue in all studies of dietary exposure 2. In general. this
imprecision leads to a substantial attenuation of disease-exposure associations, such
that relative risk, dose-response, and the extent to which there are thresholds in

disease-exposure associations may be underestimated 274,

Food frequency questionnaires are commonly used in nutritional epidemiology.
However, most food frequency questionnaires can be criticized because of their limited
ability to collect detailed accurate information on the intake of fruit and vegetables *”.
Very few instruments have been designed to sudy fruit and vegetable consumption
specifically. Recent publications from the US Nurses Health Study and the US Health
Professionals Study purporting to show no effect have been questioned as being
unreliable as their food frequency questionnaire is inadequate to fully assess fruit and

vegetable intake 272,

Little is known of the measurement error structure for reported fruit and vegetable
intake in FFQs. Many early estimates based on comparisons with different
questionnaires or diet records had problems, underestimating both the degree of error
and the correlation between the sources of errors 2’® 277, Various problems are apparent.
The level of measuremert error is large compared with the true variation of intake in
many study populations, there may be systematic bias in reporting at the individual
level, and lack of independence of the measurement errors between the food frequency

- : : 278279
questionnaire and reference instrument .

These factors may lead to considerably greater relative risk attenuation than has been
previously realized, making modest decreases in relative risks difficult to detect 280,
The implications are that regative results of diet-disease studies may be misleading,

and that controlling for a number of correlated dietary variables when exploring the
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diet-disease association of a specific dietary item can lead to uninterpretable or

unpredictable results.

Recall bias is a major problem in case—control studies. Where participants are asked to
recall the dietary intake that they had in the past, recall bias may be present if the recall
of previous dietary intake is influenced by disease status. In addition, when current diet
is the exposure of interest in the study, dietary intake may have been affected by the
disease process itself (e.g. reduction of food intake in individuals with oesophageal
cancer). In some cases, surrogate interviewees (spouses or immediate family members)
are asked to provide information for the cases and controls. This might also lead to

misclassification bias.

A few studies reviewed for this project used a single 24-hour recall as their method of
dietary measurement. A single 24-hour recall has a high degree of intra- to inter-
individual variability and cannot accurately represent an individual's usual intake %!
This may lead to important misclassification error and may bias the observed risk

estimates towards the null value. This is likely to be norrdifferential bias 2%2.

A further difficulty with the methodologies of the studies reviewed in this thesis is the
assumption of unchanged dietary intake over long follow-up periods. This again may
lead to measurement error in long-term cohort studies due either to changes in dietary

habits over time or to dietary recall of past exposure.

The studies reviewed also raised the issue of the validity and reliability of extrapolating
results from studies based on micronutrient intakes or status to the effect of intakes of
fruit and vegetables. In this review, I have tried to select only studies with data based
on food consumption rather than biomarkers of intakes. Where no appropriate food-
exposure data existed, it was decided to include proxy nutrients (such as vitamin C
from diet) when this was validated by consumption studies. This approach was
necessary as there were a large number of studies that framed their hypotheses in terms
of specific nutrients, and reported only associations with these nutrients. For example,
studies such as the EPIC-Norfolk study ** have tried to reduce the subjective nature of
dietary assessment by using biological indicators such as plasma ascorbic acid, which
they correlated with food intake. The use of plasma ascorbic acid measurement is
thought to represent dietary intake in the preceding few weeks and may overcome some

of the issues involved with dietary assessment 2**. However. biomarkers are also prone

115



to measurement error that could also explain the lack of consistency in studies in which
such biomarkers (including vitamin C) have been used. In addition, these proxy
measures of intake are not ideal as it is clear that any beneficial effect of fruit and
vegetables involves many nutrient and norrnutrient factors. They would tend to

underestimate the impact of a mixed intake of fruit and vegetables.

Finally, there is substantial variability among studies in the categorization of exposure
groups, not only in terms of what constitutes the “fruit and vegetables™ measured (e.g.
only citrus fruit, only green leafy vegetables or total fruit and vegetables). but also the
actual levels of intake within these groups (e.g. quintiles versus quartiles versus tertiles,
or “rarely” vs “frequently”). Exactly what level of intake represents a high or a low
intake will vary significantly among populations and will be influenced by the method
of data collection. This literature review does not comment on the association of
disease risk with specific fruit and vegetables, although several studies have attempted

to do this in their analyses.

Outcome
The best studies reviewed for this project were those that utilized more than one

method to identify cases to avoid any losses to follow-up in the final analysis. The
methods used included death certificates, hospital records, living relatives, self-report,

and cancer registries.

Summary
This chapter presents the methods used for conducting a systematic review and meta-

analysis of fruit and vegetables and six disease outcomes- ischaemic heart disease,
stroke, lung, colorectal, gastric and oesophageal cancer. This provided a means to
obtain evidence on the direction and size of the relationship between fruit and vegetable
consumption and the selected disease outcomes in a form appropriate for the
Comparative Risk Assessment methods being used in the GBD study. The results for
each of the six disease outcomes are given in chapters 6 and 7. The methods and results
of how these relative risk estimates are used in the calculation of the burden of disease

due to low fruit and vegetable consumption is presented in chapter 8.
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Chapter 6 The association between fruit and vegetable
consumption and cardiovascular disease
This chapter presents the results of the systematic review and meta-analysis for the

relationship between fruit and vegetable intake and ischaemic heart disease and stroke.

Ischaemic heart disease

Detailed description of the studies included in the review of the
literature

28 papers were identified that described prospective studies investigating the
association of ischaemic heart disease risk with fruit and vegetable consumption.
Details of the study characteristics are given in Table 6-1. The study populations were
all from the United States, Europe (United Kingdom, Norway, Sweden, Finland, The
Netherlands) and Japan. Five studies gave rise to more than one report; 14 studies
included men and women, 9 studied men only and 5 studied women only. The follow-
up time varied between 4 and 25 years. The method used to measure fruit and vegetable
intake differed considerably among studies, ranging from one 24-hour dietary recall
and a seven-day prospective weighed food diary to a variety of food-frequency

questionnaires.

Sixteen of the 28 studies reported a statistically significant inverse association between
intake of fruit and vegetables and ischaemic heart disease. Thirteen of these showed an
association with food intake, while the other three showed an association with a proxy
diet measure that was correlated with fruit and vegetable intake. Nine further studies
also reported an inverse association; seven of these were not statistically significant;

two others did not report confidence intervals or measures of statistical significance.
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Table 6-1

Summary of cohort studies reporting association between intake of fruit and vegetables and ischaemic heart disease

Study population(s) Sex Age Study size  No of cases Follow-up Exposure measure Association with Association with diet
Rk range fruit or vegetables  proxy
Bus and bank workers, London and South M 30-67 337 Mortality(26), Incidence  10-20 years 7 day weighed diary Inverse, not
England 25 (45) statistically significant
(fibre)
Japanese general population survey (1965  M+F 40+ 265 118 Mortality (n/a) 16 years Crude-Not clear Inverse, statistically
census) 26 significant
(unadjusted)
Gothenburg women, Sweden 287 F 38-60 1462 MI (23), Mortality (75) 12 years 24 hour recall No association
(Vitamin C)
Rancho Bernardo Cohort, California 288 M+F 50-79 859 MI and Mortality 12 years 24 hour recall Positive, not
statistically significant
(potassium)
The Adventist Health Study, California 289 M+F 25+ 26 473 MI(134), Mortality(260) 6 years 65 item food frequency  Positive, not
questionnaire statistically
significant
Caerphilly Ischaemic Heart Disease Study M 45-59 2423 Incidence (148), 5years (10 7 day weighed diet Inverse, No CI (VitC,
2021 Mortality(132) years) intake Magnesium)
Zutphen Elderly Study, the Netherlands 22 M 65-84 805 MI(38),Mortality(43) 5 years Cross check dietary Inverse, not Inverse (flavanoids)
history statistically
significant
The Seven Countries Study, Europe, Japan M 40-59 12763 Mortality (1555) 25 years Weighed diet intake (1-7  Inverse, statistically
and USA 23 day records) significant
: (vegetables)
Finnish mobile clinic health examination M+F 30-69 5133 Mortality (244) 14 years Repeated diet history Inverse, statistically
survey cohort 234 295 significant
Western Electric Company Study, Chicago M 40-55 1 556 Mortality (231) 24 years 2x Cross check diet Inverse, not
2% history and food statistically significant
frequency questionnaire (Vit C, B-carotene)
Massachusetts Health Care Panel Study 27  M+F 66+ 1299 Mortality (48) 4.75 years 43 item food frequency Inverse, statistically
questionnaire significant
Elderly cohort, Deptof Health and Social M+F 65+ 730 Mortality(182) 20 years 7 day weighed food Inverse, not
Security Survey, United Kingdom 229 record statistically sig (VitC)
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Table 6-1 (continued) Summary of cohort studies reporting association between intake of fruit and vegetables and ischaemic heart disease

studies, USA 39

M: 40-75 M:42 148

F:1127; M: 1063

questionnaire (intervals)

significant

Study population(s) - Sex Age Study size  No of cases Follow-up Exposure measure Association with Association with diet
range fruit and/ or proxy
vegetables
lowa Women's Health Study, USA 298 2% F 55-69 34 486 Mortality (242) 7 years 127 item food frequency Inverse, statistically  Inverse, not
questionnaire significant for some statistically significant
vegetables (vitamin C)
Vegetarians and Health Conscious People,  M+F 16+ 10771 Mortality (350) 16.8 years  Crude food frequency Inverse, statistically
United Kingdom 300 questionnaire significant
Vegetarians and Health Conscious M+F 16-79 10 802 Mortality (64) 13.3years  food frequency Inverse, statistically
Individuals Study II, United Kingdom 301 questionnaire significant
Smokers in ATBC study, Finland302 M 50-69 21930 Incidence (818) 6.1 years Diet history Inverse, statistically
mortality (581) significant
Rotterdam study, the Netherlands 303 M+F 55-95 4 802 MI (124) 4 years food frequency Inverse, statistically
questionnaire sig (B-carotene)
Scottish Heart Health Study 304 M+F 40-59 11 629 Incidence (296) 6-9 years 60 item food frequency Inverse, statistically
questionnaire significant (vitamin C,
B-carotene, fibre)
EPIC-Norfolk, United Kingdom 233 M+F 45-79 19 496 Mortality (123) 4 years food frequency Inverse, statistically
questionnaire and significant (vitamin C)
plasma ascorbic acid
analysis
NHANES 1 epidemiological follow-up study, M+F 24-74 11924 Mortality (793) 19 years 24 hr recall and food Inverse, statistically
USA 305 frequency questionnaire  significant
Nurses Health Study, USA 230 F 34-59 87 245 MI(437), Mortality(115) 8 years Repeated food Inverse, not
frequency questionnaire statistically sig. (vitC)
Nurses Health study, USA 306 F 34-59 39 876 MI (126) 5 years food frequency Inverse, not
questionnaire statistically sig.
Health Professionals Follow-up Study, USA M 40-75 43 757 MI: Nonfatal(511) and 6 years Repeated food Inverse, statistically
307 fatal (229) frequency questionnaire  significant
Health Professionals Follow-up study, USA M 40-75 15 220 Ml (387) 12 years food frequency Inverse, statistically
308 questionnaire repeated  significant
2 yearly
Nurses and Health Professionals Follow-up ~ M+F F:34-59 F:84 251 Incidence 8-14 years 131 item food frequency Inverse, statistically
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Confounding

Before assessing the impact of fruit and vegetable consumption, it is important to
consider some methodological issues. A high intake of fruit and vegetables may be
associated with other healthy behaviours, such as not smoking. High intakes of fruit
and vegetables may also displace other foods from the diet, causing reduced intake of
potentially harmful substances such as saturated fat and salt. Results from the Dietary
Approaches to Stop Hypertension (DASH) trial suggested that changes in dietary fats
do not necessarily accompany an increase in fruit and vegetable intake. As noted
previously, in that trial, hypertensive participants were fed a control diet for three
weeks and then randomized to receive for eight weeks either the control diet, a diet rich
in fruit and vegetables, or a combination diet rich in fruit and vegetables, and reduced
in saturated fat, fat and cholesterol 2°! %, Both the combination diet and the fruit-and-
vegetables diet significantly reduced systolic and diastolic blood pressure. After eight
weeks, 70% of the participants on the combination diet had a normal blood pressure,
45% of those on the fruit and vegetable diet, and 23% of those on the control diet. The
fruit and vegetable diet produced few changes in blood lipids but had an independent
effect of reducing coronary heart disease risk. Sodium/salt is perhaps an under
acknowledged potential confounder for ischaemic heart disease and stroke. Persons
who consume more salads may consume less salt. The lack of evidence of confounding
by salt mainly relates to the difficulty of measuring sodium exposure in individuals—

not to its intrinsic importance.

Most of the studies reviewed adjusted for some potential confo unding factors known to
be associated with the risk of cardiovascular disease. All adjusted for age, and most
studies adjusted for sex and smoking. Very few of the older studies had adequately
addressed the issue of confounding and this cannot be discounted as an explanation for
an observed association in some studies. However, most recent studies have dealt with
a comprehensive range of confounding factors, including the majority of the following:
smoking, alcohol, total energy intake, saturated fat intake, cholesterol, body mass
index, hypertension, diabetes, physical activity, hormone replacement therapy,
educational status or social class, and nutritional supplement use. Measurement of some

of these candidate confounders will potentially have substantial error (e.g. energy

intake).
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Summary

In summary, the review of the literature suggests that there is a strong inverse
relationship between fruit and vegetable intake and cardiovascular disease in over half
the prospective observational studies in many different populations. The relationship
remains after some adjustment for confounding. This result needs to be interpreted in
the light of findings with regard to the more favoured diet hypotheses. In a review of
the evidence for the classic diet-heart hypothesis, Willett found a positive association
with saturated fat intake in only 2 of the 12 cohort studies reviewed, and a positive

association with cholesterol intake in two '°°.

Ischaemic stroke
It was decided to limit the analysis to ischaemic stroke as most of the studies identified

in the systematic review had only considered outcomes of ischaemic stroke. The few
studies that had analysed ischaemic and haemorrhagic stroke separately provided
insufficient evidence to draw any conclusions on the association of differential
outcomes with fruit and vegetable intake. Furthermore, it is more biologically plausible

that the relationship of fruit and vegetable protection is with ischaemic stroke.

Detailed description of the studies included in the review of the
literature
As with ischaemic heart disease, evidence from case—control and ecological studies

was not reviewed because the number of cohort studies identified was sufficiently high
(cohort studies represent a stronger study design), and because there was a consistent
pattern among studies. Overall, the evidence suggests a strong protective effect of fruit

and vegetable consumption on ischaemic stroke risk.

Twenty-two references to prospective studies of the association between stroke and the
consumption of fruit and vegetables were identified. The study characteristics are
shown in Table 6-2. In summary, the study populations were all from China, Europe
(Finland, the Netherlands, Norway, Sweden, the United Kingdom), Japan or the United
States. Three of the studies gave rise to more than one report. Ten studies had
populations of men and women, eight studied men only and four studied women only.
The follow-up period varied between 5 and 28 years. The method used to measure
dietary intake of fruit and vegetables also varied considerably, including postal diet
survey, 24-hour dietary recall, seven-day prospective weighed diet record, and various

food- frequency questionnaires of differing length and quality.
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Fourteen studies showed a statistically significant inverse association between the
intake of fruit and vegetables and stroke. Six studies showed an association with food.

while the other eight showed an association with a nutrient considered to be a proxy for
fruit and vegetable intake.



Table 6-2

Summary of cohort studies reporting measures of association between intake of fruit and vegetables and stroke

Study population(s) - Sex Age Study size  No of cases Follow-up Exposure measure Association with fruitor ~ Association with diet
, , range vegetables proxy

Norwegian dietary postal survey 310 M+F 45-74 16713 Mortality (438) 11.5years  Postal diet survey Inverse, statistically
significant (vitamin C)

Japanese general population survey (1965  M+F 40+ 265 118 Mortality (n/a) 16 years Crude (not specified) Positive, not statistically

census cohort) 26 significant

Shibata Study, Rural Japan (Yokoyama, M+F 40+ 2121 CVA (109) 20 years Food frequency Inverse, statistically

2000) questionnaire and significant (vitamin C)

serum vitamin C infarction and
haemorrhagic stroke

Gothenburg women, Sweden 27 F 38-60 1462 CVA (13) 12 years 24 hour recall No significant correlation
(Vitamin C)

Rancho Bernardo Cohort, California 311 M+F 50-79 859 Mortality (24) 12 years 24 hour recall Inverse, statistically
significant (dietary
potassium)

Hawaiian men of Japanese Descent 312 M 45-68 7591 CVA (408) 16 years 24 hour recall Inverse (dietary
potassium)

Men in Shanghai, China 313 M 45-64 18 244 CVA mortality (245) 5-8 years food frequency No association

questionnaire

Framingham study, USA 314 M 45-65 832 Incident stroke (97) 20 years 24 hour recall Inverse, statistically

significant

Zutphen study, the Netherlands 315 M 50-69 552 CVA (42) 15 years Repeated cross check  Inverse, not statistically Inverse statistically

dietary history significant significant (flavanoids)

Finnish mobile clinic health examination M+F 30-69 9208 Mortality (244) 28 years Repeated diet history  Inverse, statistically

survey cohort 316 significant (sub groups)

Elderly cohort, Department of Health and M+F 65+ 730 Mortality (124) 20 years 7 day weighed food Inverse, statistically

Social Security Survey, United Kingdom 229 record significant (vitamin C)

Western Electric Company Study, Chicago M 40-55 1 556 CVA (222) 24 years 2x Cross check diet Inverse not statistically

z1 history and food significant (Vitamin C and

frequency B-carotene)
questionnaire (

participant/

homemaker)
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Table 6-2 (continued)
stroke

Summary of cohort studies reporting measures of association between intake of fruit and vegetables and

Study population(s) Sex Age Study size  No of cases Follow-up Exposure measure Association with fruit or Association with diet
range vegetables proxy
lowa Women'’s Health Study, USA 317 F 55-69 34 492 Mortality (131) 10 years 127- item food No association
frequency (flavanoids)
questionnaire
Cohort of Vegetarians and Health M+F 16+ 10771 Mortality (147) 17 years Crude food frequency  Inverse, statistically
Conscious People, United Kingdom 300 questionnaire significant
Smokers in ATBC study, Finland 318 M 50-69 26 593 Cerebral infarct (736) 6.1 years Diet questionnaire Inverse, statistically
Haemorrhagic stroke significant (B-carotene)
(178)
NHANES 1 epidemiological follow-up study, M+F 24-74 9 805 Stroke events (927) 19 years 24-hr recall and food Inverse, statistically Inverse, statistically
USA 305319 frequency significant significant (dietary
questionnaire potassium)
Nurses Health study, USA 306 F 34-59 39 876 Incidence CVA (160) 5 years food frequency Inverse, not statistically
questionnaire significant (all CVD)
Nurses Health Study, USA 320 F 34-59 87 245 Incidence CVA (345) 8 years Repeated food Inverse, statistically
frequency significant
questionnaire
Health Professionals Follow-up study, USA M 40-75 43738 CVA (328): Ischaemic 8 years Repeated food Inverse, statistically
218 321 (210), haemorrahgic frequency significant (dietary
(70) questionnaire potassium); positive not
significant (vitamin C)
Nurses and Health Professionals Follow-up ~ M+F F 34-59 F 75 596 Ischaemic stroke 8-14 years  Repeated food Inverse, statistically
studies, USA 32 M 40- M 38683 incidence: F 366, M frequency significant
75 204 questionnaire at
intervals
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Confounding

As with ischaemic heart disease, the observed protective association between fruit and
vegetables and stroke could, in theory, be explained by confounding. All studies
included in the literature review adjusted for age and sex, and most recent studies
reviewed also dealt with a comprehensive range of major measured confounders.
However, very few of the older studies had adequately addressed the isste of
confounding and this cannot be discounted as an explanation for an observed

association in some studies.

Summary
There is a strong inverse relationship between the level of fruit and vegetable

consumption and stroke risk in prospective observational studies in many populations.

The relationship persists after adjustment for major confounders.

Estimating Relative Risks
This section describes, for each selected outcome, the studies that were chosen based

on the selection criteria for meta-analysis outlined, and the final estimates of relative

risks derived.

Meta-analysis of the association of fruit and vegetable intake with
ischaemic heart disease

Details of the cohort studies that most closely met our selection criteria (discussed in
chapter 5) are given in Table 63. The EPIC-Norfolk study 2} was included even
though it presents results in relation to plasma vitamin C, because plasma vitamin C
measurements (available for the whole cohort) were relatively well correlated with fruit
and vegetable intake (available from a 7-day food record analysed for a subset of the

cohort) and because of the high quality of the methods used to collect and analyse data.



Table 6-3 Relative risk estimates for the association between ischaemic heart
disease and fruit and vegetable consumption considered for the CRA project

Study population Sex Outcome RR (95% Cl) per 80 g/day
(age range) increase in fruit and
vegetable intake
Nurses Health and Health  M+F Mlincidence  0.96 (0.94-0.99)

Professional Follow-up (34-75 yrs)
studies, USA 309

EPIC Norfolk, United M+F Mortality 0.54 (0.40-0.74)
Kingdom 233 (45-79yrs)
Finnish Mobile Clinic M+F Mortality 0.964 (0.930-0.999)

Health Examination Study  (30-69yrs)

294

Massachusetts Health M+F Mortality 0.54 (0.35-0.84)
Care Panel Study, USA 27 (>66 years)

Data transformation
Fruit and vegetable intake in the Nurses Health and Health Professional’s Follow-up

studies (NHS/HPFS), EPIC Norfolk and the Finnish Mobile Clinic Studies were treated
as continuous variables. The NHS/HPFS Study gave the relative risk in terms of one
additional serving per day, which were converted as 80 g/day (assumed to be one
standard serving); The EPIC Norfolk and Finnish Mobile Clinic Study reported relative
risk estimates for 50 g and 1 g increase in intake respectively. Thus, the relative risk

estimates were transformed to give final estimates expressed as per 80 g/day increase.

For the Massachusetts Health Care Panel Study (data analysed as quartiles of intakes),
the two methods described in chapter 5 were used to estimate the relative risks. With
method 1, I estimated the additional g/day Hr which the relative risks given applied.
The study gave exposure quartiles with mid-points at 32, 88, 133 and 190 g/day (the
last estimated as the lower limit, 164, plus half the previous category interval), and
reported relative risks for the two latter categories compared with the first quartile. A
difference of 55 g between adjacent quartiles was assumed, which gives exposures of
approximately 30, 85, 140 and 195 g/day. This approximation yielded comparable
relative risks per 55g difference whichever of the two reported relative risks was
converted, and the relative risk reported for the 4" vs 1% quartile was used, which was
expressed as a difference in exposure of 3 x 55 = 165 g/day. The method of Greenland
and Longnecker (method 2) was then used to estimate the weighted regression slope

over the published relative risks, allowing for correlations due to common reference
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category. Because of its advantages (see chapter 5), method 2 was chosen to obtain the

final estimates for inclusion in the meta-ana lysis.

Meta-analysis

Meta-analysis was used to pool relative risk estimates using the method described in
chapter 5. The test of heterogeneity gave a chi-squared value of 19.044 (df=3;
P<0.001). The resulting variation between studies suggests that it is inappropriate to
pool estimates according to the fixed effects method. Using random effects meta-
analysis, the pooled relative risk estimate was 0.903 (95 % confidence intervals 0.824-
0.989) for an 80g/day increase in fruit and vegetable consumption. The random effects

results are shown in Figure 6-1.

The figure shows that there is marked heterogeneity in the best available evidence on
the effects of fruit and vegetable consumption on the risk of ischaemic heart disease.
The sources of this heterogeneity are currently not understood scientifically, and there
is, therefore, no fully satisfactory means for arriving at a summary effect estimate. The
random effects model used here provides a pragmatic interim solution to summarizing
this evidence, pending better scientific understanding of the underlying relationships.
The derived effect size seems plausible in the light of the consistency of the study
findings but it remains subject to substantial uncertainty—only some of which derives

from the statistical uncertainty associated with the our studies included.
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Figure 6-1 Random effects meta-analysis of the association of fruit and
vegetable intake with ischaemic heart disease

Combined

T
a1 .8 .9 1

o -

.6
relative risk per 80g
Key to studies:

1 = NHS/HPFS; 2 = EPIC Norfolk Study; 3 = Finnish Mobile Clinic Health
Examination Study; 4 = Massachusetts Health Care Panel Study

Meta-analysis of the association of fruit and vegetable intake with
ischaemic stroke
Only two cohort studies met the selection criteria for meta-analysis. These are

summarized in Table 6-4.

Table 6-4 Relative risk estimates for the association between stroke and fruit

and vegetable consumption considered for the CRA project

Study Population Sex Outcome RR (95% Cl) per 80 g/day increase

(age) in fruit and vegetable intake
Zutphen Study, the M Incidence 0.87 (0.49-1.53)
Netherlands (50-69) CVA
NHS/HPFS Study, M+F Incidence 0.96 (0.94-0.99)
USA 309 (34-75) ischaemic

stroke

F female; M male
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Data transformation
The NHS/HPFS gave the relative risk in terms of one additional serving per day. which

were converted as 80 g/day. As the Zutphen Study did not give a single estimate of
linear (log) relative risk per consumption, the relative risk estimates were derived using
the two methods described earlier for ischaemic heart disease. Since vegetable and fruit
consumption were separately analysed, the relative risk for vegetable consumption was
used: it seems to us likely that vegetable and fruit consumption would confound each
other, so that what is reported as a purely “vegetable” effect includes the effect of fruit
eaten by vegetable consumers. Since a diet of only fruit is rare, the vegetable effect
reported was assumed to be similar to that which would have been reported for a
combined fruit and vegetable diet (although this may underestimate the effect). Method
2, of Greenland and Longnecker 269 gave an almost identical estimate to Method 1,
which used a consumption difference of the 4 ys 1% quartile (249.9 -
128.1 = 121 g/day) for the 0.82 relative risk (vegetables) as the basis for the estimate.

Results based on method 2 are therefore reported here.

Meta-analysis
Relative risk estimates were combined using fixed-effect meta-analysis as the random

effects could not be estimated. The pooled relative risk estimate was 0.939 (95% CI
0.892-0.989) for an 80 g/day increase in fruit and vegetable consumption. The results

are shown in Figure 6.2.
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Figure 6-2  Fixed effects meta-analysis of the association of fruit and vegetable

intake with ischaemic stroke
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Key to studies:

e |= Zupthen Study; 2= NHS/HPFS

Summary
The relative risk estimates for ischaemic heart disease and stroke, and 95% confidence

intervals are summarized in Table 6-5. Estimates are expressed as the change in relative
risk associated with an 80 g increase in daily fruit and vegetable intake.
Table 6-5 Relative risks with increased fruit and vegetable consumption (95%

confidence intervals) by age group

Outcome  [Age group (years) |
04 14 [15-29 30-44 U45-59 9 0-79 0+
ischaemichean |y oo koo P90 0.90 0.90 0.90 093 0.95
isease : (0.82-0.99) (0.82-0.99) §0.82-0.99) k0.82-0.99) k0.85-1.01) k0.87-1.03
' .94 094 004 .94 0.95 097
Ischaemic stroke 1100 [1.00 539 0 99) k0 89-0.99) k0.89-0.99) k0.89-0.9) k0.91-1.00) k0.92-1.02)

Unit of change in risk: change per 80 g/day increase in fruit and vegetable intake

As discussed earlier, the relative risks are applied to all sub-regions and to both males
and females. Assuming age attenuation at the extremes of age, these relative risks apply

for individuals aged 15-69 years. For older adults the relative risks were reduced by a
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quarter for ages 70—79, and by half for over 80 years of age. Under the age of 15 years

a relative risk of 1 was applied.

The following chapter will present the equivalent results for the relationship between

fruit and vegetable intake and four cancer outcomes.
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Chapter 7 The association between fruit and vegetable
consumption and selected cancers
This chapter examines the evidence from available literature on the association between

fruit and vegetable consumption and certain cancers. These are cancer of the lung.

stomach, colon and rectum, and oesophagus.

Lung cancer

The literature review identified 21 cohort and 32 case—control studies that examined the
association of fruit and vegetable intake with the risk of lung cancer incidence and
mortality. Details of the studies are provided in Table 7-1 and Table 7-2. Overall, the
evidence appears to support an inverse relationship between fruit and vegetable

consumption and lung cancer risk (both incidence and mortality).

Cohort studies

The cohort studies identified were conducted in a range of countries including the
United States, the Netherlands, Finland, Japan and other southern and northern
European countries participating in the Seven Country Study. The study populations
were not necessarily nationally representative as some studies were limited to religious

323 300

groups or those with particular lifestyle characteristics , specific occupational

groups 22435 or very narrow age groups such as the elderly 326. Three studies from the

United States analysed national survey data and are therefore likely to be more

nationally representative. Very few studies were of young people.

Of the 21 cohort studies it should be noted that five of the study populations were each
used in more than one study. The studies differed in their analysis by reporting different
risk factors (i.e. carotenoids vs fruit and vegetables) or using different outcome

measures (mortality versus incidence).

Of the 21 cohort studies, 12 studied incidence of lung cancer as the outcome measure
while eight studied lung cancer mortality. Follow-up periods varied between 4-25
years, with 16 studies having follow-up periods longer than 10 years. Twelve of the
studies investigated populations of men and women, seven studies had male-only
cohorts and two studies were entirely female. Most studies have pooled results for men
and women, the explanation being that the number of lung cancer cases in women is

too small to justify a meaningful separate analysis. Only a few studies have analysed
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men and women separately, usually where the entire study cohort was either men or

women. More detailed characteristics of all studies are given in Table 7-1.

Of the 21 cohort studies, 11 showed a statistically significant inverse association
between a diet high in fruit or vegetables (in one of these the association was
significant for dietary carotenoids) and lung cancer. The remainder of the studies
showed an inverse association that was not statistically significant. In some studies with
norrsignificant results for total fruit and vegetables, sub-analyses were reported as

having significant associations.

Of particular interest are studies of lung cancer incidence and mortality that considered
non-smokers, former smokers and smokers separately in the analyses. It appears that
the benefit conferred through a high intake of fruit and vegetables more often reaches
statistical significance in current smokers than in non-smokers (however, confidence
intervals are often large and overlap). In summary, eight of the cohort studies reviewed
for this project stratified the analyses by smoking status. Three of these showed a
significant relationship between fruit and vegetable consumption and lung cancer
incidence in smokers but not in non-smokers (but for one of these, the relative risks of

17:323 327 \while only one study showed an inverse relationship

324 329 330 331

both groups were similar)
in non-smokers only *2%. The other studies showed nonsignificant results
for both smokers and nom-smokers. These results would tend to agree with the
hypothesized biological nechanisms for the benefits of fruit and vegetables in lung
cancer through late stage modification of carcinogenesis following an initial carcinogen
exposure. Intuitively it seems reasonable that the effect of fruit and vegetables may be
different between these two groups; however further research is needed considering the
current inconsistencies in findings, including exposure among non-smokers to

environmental tobacco smoke and the range of other lung cancer risk factors.



Table 7-1

Summary of cohort studies reporting association between intake of fruit and vegetables and lung cancer

Study population(s) Sex Age range Study size No. of cases Follow-up Exposure measure Association with fruitor ~ Association with
= AR & vegetable intake diet proxy
National Health Interview survey, USA 332 M+F Nationally 20 004 Mortality (158) 8.5 years 59 item food Inverse, not statistically
representativ frequency significant
e questionnaire
Japanese general population survey (1965  M+F 40+ 265 118 Mortality (1 917) 16 years Crude—not clear Inverse, statistically
census cohort) 286 333 significant (men)
Volunteers from 25 states (American M+F 1000 000 N/a 11 years Not clear Inverse, not statistically
Cancer Society Cohort), USA 34, significant
lowa Women's Health Study, USA 32 F 55-69 41 387 Incidence (179) 4 years 127 item food Inverse, statistically
frequency significant
questionnaire
Lutheran Brotherhood Insurance Cohort, M 17 818 Mortality (219) 20 years Diet questionnaire Inverse, not statistically
USA 3% significant
Leisure World Cohort, California 3% M+F 50-79 11 580 Incidence (164) 8 years 24 hour recall Inverse, not statistically
significant (women)
The Adventist Health Study, California 323 M+F 25+ 34 198 Incidence (61) 6 years 65 item food Inverse, not statistically
frequency significant
questionnaire
Zutphen Study, the Netherlands 3% 337 M 40-59 561 Mortality (54) 25 years Repeated cross check  Inverse, statistically
dietary history significant
Finnish mobile clinic health examinafion M 20-69 4538 Incidence (117) 20 years 100 item food Inverse, statistically
survey cohort 327 frequency significant
questionnaire
Finnish mobile clinic health examination M+F 15-99 9 959 Incidence (151) 24 years 100 item food Inverse, statistically Inverse, statistically
survey cohort 328 frequency significant significant
questionnaire (flavonoids)
The Netherlands Cohort Study 331 M+F 55-69 120 852 Incidence (1 074) 6.3 years 150 item food Inverse, statistically
frequency significant
questionnaire
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Table 7-1 (continued) Summary of cohort studies reporting association between intake of fruit and vegetables and lung cancer
Study population(s) Sex Age range Study size No. of cases Follow-up Exposure measure Association with fruit or Association with
‘ vegetable intake diet proxy
NHANES 1 epidemiologic follow-up study, =~ M+F 25-74 10 068 Incidence (248) 19 years 24-hour recall and Inverse, statistically
USAY food frequency significant
questionnaire
Cohort of Vegetarians and Health M+F 16+ 10771 Mortality (59) 16.8 years  Crude food frequency  Inverse, not statistically
Conscious People, United Kingdom 300 questionnaire significant
Smokers in ATBC study, Finland 338 M 50-69 27110 Incidence (791) 6.1 years Diet history Inverse, statistically
significant
3 Cohorts, Norway 3% M+F N/a 16 713 Incidence (168) 11.5years  food frequency Inverse, not statistically
questionnaire significant
Seven Countries Study, Europe, Japanand M 40-59 12763 Mortality (424) 25 years Various methods in Inverse, not statistically
USA 3% each country significant
Men in Finland, Italy and the Netherlands, M 40-59 3108 Mortality (187) 25 years Cross check diet Inverse, not shtistically
Part of Seven Countries Study 340 history significant
Nurses Health Study, USA 31 F 34-59 121700 Incidence (593) 16 years Repeated food Inverse, statistically
frequency significant
questionnaire
Nurses and Health Professionals Follow-up ~ M+F F: 34-59 F:77 283 Incidence (793) 10-12 years 131 item food Inverse, not statistically Inverse, statistically
studies, USA 324, 325 M:40-75 M: 47 778 frequency significant significant
questionnaire at (carotenoids)
intervals

F female

M male

135



Case—control studies

The literature review identified 32 case—ontrol studies that satisfied the inclusion
criteria. These are summarized in Table 7.2. As the case—control studies were not used
in the meta-analyses, fewer study details are provided here for conciseness. These
studies were conducted across a range of populations including the United States and
Canada (13), Sweden (2), United Kingdom (2). Greece (1), Italy (1), Spain (1). Poland
(2), India (1), China (4), Japan (2) and Brazil (1). 19 of the studies collected data from

men and women, 7 from men only and 6 from women only.

Of these studies, 18 found an inverse relationship between a high intake of fruit or
vegetables and lung cancer. When separate associations with fruit and vegetables were
analysed there seemed to be a greater number of studies finding significant associations
with vegetables as a group compared to fruit as a group. Four of the studies found
significant associations only with specific types of vegetables, such as pumpkins and

342 343 or carrots ***, or in specific age groups such as men between

onions ~'* or tomatoes
60-79 years of age **°. The results of these subgroup analyses should be treated with

caution.

Of the four case—control studies that specifically collected and analysed data on non
smokers, two found no association while two found a significant inverse association
between fruit or vegetable consumption and lung cancer. Due to the inherent limitations
of case—control studies, the results do not necessarily imply that dietary modification
after quitting smoking is effective in reducing risk. Ex-smokers with elevated vegetable
and fruit consumption could have been high consumers while they were also smokers.
However, the results of case—control studies seem consistent with the results of the

cohort studies.
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Table 7-2

fruit and vegetable intake and lung cancer

Summary of case—control studies reporting an association between

Study population Sex Association with fruit or Association with specific
vegetables risk factors only
South-West England 346 M+F Null Inverse: carrots, tomato
Nagoya, Japan 37 M+F Inverse -~
Buffalo, NY, USA 348 M+F Inverse -
NJ, USA %9 M Inverse -
Lombardy, Italy 344 M+F - Inverse: carrots
Texas, 3%0 M Null --
China, Hong Kong SAR, never  F Null -
smokers 351
Louisiana, USA 352 M+F Inverse --
Hawaii 353 M+F Inverse -
Toronto, Canada 3% M+F Inverse (vegetables) -
Greece, never smokers 35 F Inverse (fruits) --
Stockholm, never smokers 35 M+F Null --
Oxford, 37 M Null --
Yunnan Miners, China 38 M Inverse (vegetables) --
Null (fruit)
Florida, USA, female, never F Inverse (vegetables) -
smokers 359 Null (fruit)
Tokai, Japan %0 M+F Inverse --
New Jersey, USA 31 M+F Inverse (vegetables) --
New York, USA 32 M+F Inverse --
Hawaii 33 M+F Null --
NE China, women 364 F Null --
Yunnan, China, miners 385 M Null --
Kerala, India 342 M+F Null Inverse: pumpkin, onion
Rio de Janeiro, Brazil 36 M+F Null --
West Sweden 37 M inverse (vegetables) -
New Jersey 368 M+F Inverse --
Barcelona, Spain 389 F Inverse (veg) Null (fruits) --
China 370 M+F Null --
Poland 371 M Inverse Null for green vegetables
USA 3712 M+F Null (vegetables) Inverse --
(fruit)
Poland 373 F Inverse — no smoking
adjusting
Europe, never smokers3 M+F Null Inverse for tomatoes
New York, USA 35 M+F Null (carotene) Inverse for men only

F Female; M Male; n.a. notapplicable; - no data; Null non-signficant;
Inverse= statistically significant protective association of high versus low

fruit/vegetable consumption

Experimental studies
Although outside the criteria of this review, it is important to repeat some of the

previously noted evidence from experimental studies that may appear to contradict the
protective relationship of fruit and vegetables on lung cancer. The CARET study 258

and the ATBC study 374 were randomized control trials designed to investigate the
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effect of beta-carotene high-dose supplementation on lung cancer. The results of these
trials suggested a harmful effect (increase in incidence and mortality) of beta-carotene

supplementation n current smokers. This suggests that raised beta-carotene may be a

240 and that the status of

375

marker associated with other protective factors found in foods

the antioxidant hypothesis might need to be re-evaluated critically

Confounding and interactions
All studies of lung cancer adjusted for age, sex and smoking in their analyses, except

for one case—control study from Poland *” which did not adjust for smoking. Other
potential confounders dealt with statistically included: environmental tobacco smoke;
previous lung disease; occupational exposure (arsenic, asbestos, chloromethyl ethers,
and nickel); radon; air pollution; total energy intake; intake of other macronutrients;
body mass index (BMI); physical activity; and socioeconomic status (using educational

level or occupation used as a proxy). The extent of adjustment varied among studies.

Smoking is the most important potential confounder to consider given the strength of
the association between smoking and lung cancer. There is also the possibility of
smoking being an effect modifier but published results are contradictory. The studies
reviewed here have dealt with smoking in a number of ways. Some studies have not
only adjusted for current smoking status but have also considered the intensity of
current smoking behaviour (as the number of cigarettes smoked per day), age of
starting smoking and duration of smoking. For current non-smokers, several studies
have also adjusted for time since quitting (including intensity) in ex-smokers. A couple
of studies also adjusted for time since quitting for subjects who quit during follow-up.

1. #2, is that several studies have shown

An important issue, highlighted by Ziegler et a
that consumption of vegetables, fruits and carotenoids is higher in norrsmokers
compared with current smokers, and that consumption is inversely related to smoking
intensity in smokers. Thus, those studies that only considered smoking status without

smoking intensity might have generated inflated estimates of the protective effect of
fruit and vegetables.

The interpretation of these studies is difficult given the strong misclassification bias

and the strong association between lung cancer and tobacco use, making it difficult to

ensure that all the confounding effects from smoking have been removed 376,
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Summary

There is some evidence of an inverse relationship in many populations between lung
cancer risk and fruit and vegetable consumption. There is currently not enough

evidence to justify stratifying the results by smoking status.

Stomach cancer

The current literature review identified 12 cohort and 32 case—control studies that
investigated the association between gastric cancer risk (incidence and mortality) and
the consumption of fruit and/ or vegetables. Overall the evidence seems to support an

inverse association between fruit and vegetable consumption and gastric cancer risk.

Cohort studies

The 14 cohort studies were conducted in Western and non-Western populations
including two from Japan, one from China, two from mainland USA, three of Japanese
descendants in Hawaii and six from Europe. The Asian populations had a relatively

high risk of stomach cancer. The results of the studies are summarized in Table 7-3.

Of these studies, nine investigated the effect of fruit and vegetable intake on gastric
cancer incidence while the remaining five studied mortality. Two cohorts were
investigated in more than one study (the Netherlands Cohort Study, and Japanese
descendants in Hawaii in the Honolulu Heart Program). Seven cohorts consisted of
both men and women, six studies investigated men only and one study focused
exclusively on post-menopausal women. Follow up of cohorts ranged from 5 to 25
years. A statistically significant inverse association between gastric cancer and fruit and
vegetable intake was reported in four studies. This inverse relationship was found in
populations of both European and Japanese origin. The ten other studies showed
inverse relationships, but they were not statistically significant for fruit and vegetable

or nutrient intake.
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Table 7-3

Summary of cohort studies reporting measures of association between intake of fruit and vegetables and stomach cancer

Study population(s) Sex Age Study size No of cases Follow-up Exposure measure Association with fruit or Association with diet proxy
range vegetable intake
Japanese general population survey (1965 M+F 40+ 265 118 Mortality (5 247) 17 years Crude—not clear Inverse, statistically
census cohort) 333; 286 significant trend
Rural Cohort, Japan 377 M+F N/a 9753 Mortality (57) 6 years Food frequency Inverse, not statistically
questionnaire significant
lowa Women'’s Health Study, USA 378 F 55-69 34 691 Incidence (26) 7 years 127 item food Inverse, not statistically
frequency significant
questionnaire
Men of German and Scandinavian origin, M N/a 17 633 Mortality 20 years Food frequency Inverse, not statistically
USA 378 questionnaire significant
The Netherlands Cohort Study 380, 381 M+F 55-69 120 852 Incidence (282) 6.3 years 150 item food Inverse, statistically Non-significant trends:
frequency significant inverse (vitamin C),
questionnaire Positive (beta-carotene,
retinol)
The Caephilly Study, Wales 382 M 45-69 2112 Mortality (45) 13.8 years  Food frequency Inverse, not statistically
questionnaire significant
Seven Country Study; Europe, Japan and M 40-59 12763 Mortality (n/a) 25 years Various methods Inverse, not statistically
USA 383 (population intake) significant
Cohort of Swedish Twins 384 M+F N/a 11 546 Incidence (116) 21 years Crude food frequency  Inverse, statistically
questionnaire significant
Smokers in ATBC study, Finland 338 M 50-69 27110 Incidence (111) 6.1 years Food frequency Inverse, not statistically
questionnaire significant (flavanoids)
Japanese residents, random survey of M+F 18+ 11907 Incidence (108) 14.8 years Food frequency Inverse, statistically
Hawaiian households 385 questionnaire significant
Cohort of Hawaiian men of Japanese M 49-68 7990 Incidence (150) 19 years Food frequency Inverse, not statistically
Ancestry, Honolulu Heart Program 3% questionnaire significant
Cohort of Hawaiian men of Japanese M 49-68 8 006 Incidence (111) 18 years Food frequency Inverse, not statistically
Ancestry, Honolulu Heart Program (case questionnaire and 24-  significant
cohort study) 37 hour recall
Linxian Nutrition Intervention Trial Cohort, M+F N/a 29 584 Incidence (539) 5 years Dietary interview Inverse, not statistically

China 368

significant (fruits)
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Case—control studies

The 32 case—control studies, summarized in Table 7.4, represented a wider range of
populations and geographical areas than the cohort studies. Studies were conducted in
the United States and Canada (5), northern and southern Europe (14), Japan (4). China
(3), Turkey (2), Poland, Korea, Mexico and Venezuela (1 each). All but two of these

studies were carried out on both men and women. Not all the populations were at high

risk of stomach cancer.

Of the 32 studies, 20 reported a significant inverse association between total fruit or
vegetable consumption and gastric cancer risk. A further nine studies found an inverse
association only with specific food types or within a sub-cohort. Particular attention
was placed on the consumption of allium vegetables (onions, leeks, garlic, chives). One
study (from Venezuela) found that the risk of gastric cancer incidence was inversely
related (protective effect) with vegetable intake but directly related (harmful effect)
with fruit intake. This is the only study reporting a significant positive (harmful)
relationship 3*°. Despite the inherent limitations created by recall bias in case—control
studies, the evidence is strong and consistent with a protective effect of a diet high in

fruit and vegetables, and supports the findings of the cohort studies.
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Table 74 Summary of case—control studies reporting a measure of association

between intake of fruit and vegetables and gastric cancer

Study population Sex Association with fruit Association with specific
and vegetables risk factors only
Louisianna, USA 3% M+F Null (vegetables), Inverse
(fruits)
Canada % M+F Null Inverse for citrus fruit
Greece 3% M+F Inverse (veg), Null (fruits) -
Japan 3% M+F Null Inverse for spinach/onions
Cracow, Poland 3% M+F Null (vegetables) -
Inverse (fruit)
Milan, Italy 3% M+F Inverse --
China 3% M+F Null Inverse for spinach
Japan 397 M+F Null Inverse for mandarins
NE China 3% M+F Inverse --
Italy 3% M+F Inverse Null for cooked vegetables
United Kingdom 400 M+F Inverse --
USA 401 M+F Inverse
Turkey 402 M+F Inverse
Los Angeles, USA 364 M Null
Germany 403 M+F Inverse (fruit) -
Poland 404 M+F Inverse -
Japan 405 M+F Null inverse for raw veg. in men
Spain 406 M+F Inverse Inverse (flavenoids)
Spain 407 M+F Inverse Null for raw vegetables
Japan 408 M+F Null Inverse for raw vegetables
Turkey 409 M+F Null --
Belgium 410 M+F Inverse -
Barcelona, Spain 411 M+F Inverse -
Sweden 412 M+F Inverse --
France 41 M+F Null -
Korea 414 M+F Null Inverse for spinach
USA 415 M+F Inverse Inverse only for fruits
Sweden 7 M+F Inverse for vegetables, null
for fruits
Shanghai, China 416 M+F Inverse Null—vegetables in women
Mexico City, Mexico 417 M+F Inverse
Venezuela 39 M+F Inverse vegetables Positive for fruit
Italy 418 M+F Null Inverse for citrus fruit

F female; M male; n.a. not applicable; - no data; Null associatiorFnot significant;

Inverse= statistically significant protective association of high versus low

fruit/vegetable consumption
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Confounding

Most studies appear to fave made appropriate adjustments for potential confounding
factors. All adjusted for age and sex, and most studies adjusted for smoking and alcohol
consumption. Other factors, considered particularly in prospective studies, were
previous history of stomach illness, family history of stomach cancer. other dietary
components, and socioeconomic status. Protective associations remained even after

adjustment for other dietary factors such as salty foods or starchy foods in some studies
391395400 411412 414

Helicobacter Pylori infection plays a major role in the aetiology of gastric cancer yet
few studies were able to collect this information given the retrospective nature of many
studies and the fact that it is only relatively recently that it has been possible to test for
infection. As noted earlier, dietary antioxidants may act by inhibiting the inflammatory
response mounted by the body to Helicobacter infection''’. Similarly, no studies were
able to take account of individual’s interleukin 1b genotype. which again modulates the

body’s response to Helicobacter*?’.

Summary
There is an inverse relationship between fruit and vegetable intake and gastric cancer

risk in both cohort and case—control studies in different populations worldwide. The
relationship remains after adjustment for confounding. Some of the variations in the
findings from separate studies could be due to between-country differences in the
varieties of fruit and vegetables consumed, the methods of consumption (raw or
cooked), the number of specific fruit or vegetable items included in the questionnaires

used, or the validity of the dietary assessment methods.

Although Helicobacter Pylori infection is an established risk factor, its relationship
with fruit and vegetable consumption remains inadequately understood. As noted
previously, a multistage model of gastric carcinogenesis is now accepted, according to
which different dietary and non-dietary factors, involving genetic susceptibility, are
involved at different stages in the cancer process. However, while a protective effect of
supplementation of vitamin C and beta-carotene in the progression of pre-malignant
gastric lesions was found in Latin America 254 but alpha-tocopherol and beta-carotene

supplement trials in Finland showed no effect. Furthermore. as noted above. genetic
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factors may also play a role. In spite of this, results from the observational studies

suggest a protective effect of diets rich in fruit and vegetables.

Colorectal cancer

The systematic review identified 15 cohort studies and 35 case—control studies that
examined the association between colorectal cancer risk (both incidence and mortality)
and the consumption of fruit and vegetables. Details of these studies are given in Table
7-5 and Table 7-6. Overall the evidence support an inverse relationship between fruit
and vegetable intake and colorectal cancer risk (incidence and mortality), although it is

not as strong as that for gastric cancer.

The studies investigating colorectal cancer also included a number of studies that
looked separately at colonic and rectal cancers. For the purposes of this review the

results of all these outcomes have been combined.

Cohort studies

The cohort studies were conducted on a limited range of populations, with most studies
being from the United States (10), the others being from Europe (3) and Japan (1). It

should be noted that three of the study cohorts were common to more than one study.

The majority of studies used cancer incidence as the outcome, with mortality being
used in only four studies. Eight studies investigated both men and women, while three

investigated men only and four looked at women only.

Although a number of the studies reported a protective effect of fruit and vegetable
consumption on colorectal cancer risk, only three of the 15 showed a statistically
significant inverse trend. This is summarized in Table 7-5. A further eight studies did
show some inverse association between vegetable consumption and colorectal cancer
risk for certain sub-group analyses with vegetables, fruits, or colon or rectal cancer
separately; three studies a statistically insignificant positive association b<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>