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age-adjusted RR across increasing quintiles of the ‘Western
pattern’ were 1·0, 1·21, 1·24, 1·24 and 1·45 (95 % CI 1·19,
1·77; P < 0·0001 for trend). These findings emphasise the
importance of a healthy balanced diet in preventing disease
and further demonstrate the importance of whole grain
consumption as a component of this lifestyle.

In another analysis of the Health Professionals Follow-up
Study (Rimm et al. 1996), significant inverse associations
between dietary fibre and myocardial infarction were found.
The multivariate RR for men in the highest quintile of
dietary fibre intake (median 28·9 g/d) was 0·64 (95 % CI
0·47, 0·87; P = 0·004 for trend) compared with men in the
lowest quintile of intake (median 12·4g/d). In multivariate
analysis for fibre from cereals, vegetables and fruit, cereal
fibre showed the strongest negative association, with a RR
of 0·71 (95 % CI 0·55, 0·91; P = 0·007 for trend) for men in
the highest quintile of cereal fibre intake compared with
those in the lowest quintile of intake. This association
remained essentially unchanged with further adjustment for
carotene, folate and vitamin B6 intakes (RR 0·73 (95 % CI
0·57, 0·94)).

Wolk et al. (1999) found similar associations between
dietary fibre intake and risk of CHD in women participating
in the Nurses’ Health Study (multivariate RR 0·77 (95 % CI
0·57, 1·04; P = 0·07) for women in the highest quintile of
dietary fibre intake (22·6 g/d) compared with those in the
lowest quintile of intake (10·9 g/d)). Again, cereal fibre
showed the strongest inverse association with CHD risk
compared with fruit or vegetable fibre (multivariate RR 0·66
(95 % CI 0·49, 0·88); P < 0·001 for trend) for women in the
highest quintile of cereal fibre intake compared with those in
the lowest quintile of intake.

The Alpha-Tocopherol, Beta-Carotene Cancer Prevention
Study followed 21930 male smokers aged 50–60 years for

6 years (Pietinen et al. 1996). This study was a randomised
double-blind placebo-controlled prevention trial in which
subjects were given supplements of a-tocopherol and/or
b-carotene. Participants were free from CVD at baseline and
dietary information was gathered using a 276-item question-
naire. During follow-up there were 1399 major coronary
events, of which 635 were fatal CHD cases. Dietary fibre
was found to be inversely associated with coronary death.
The RR for coronary death was 0·69 (95 % CI 0·54, 0·88;
P < 0·001 for trend) for men in the highest quintile of
total dietary fibre intake (median 34·8 g/d) compared with
men in the lowest quintile of intake (median 16·1 g/d).
Adjustment for known CVD risk factors, intake of saturated
fat, b-carotene, vitamin C and vitamin E did not alter the
association. Coronary deaths were more strongly negatively
associated with cereal fibre intake than fibre from fruit or
vegetables.

In a study of 34198 male and female Californian Seventh
Day Adventists reported by Fraser (1999) nut intake was
most consistently associated with reduced risk of both fatal
and non-fatal IHD. Preference for wholegrain bread was,
however, also a predictor. The multivariate RR among those
who preferred wholegrain bread was 0·89 for fatal IHD
(P < 0·005) and 0·56 for non-fatal IHD (P < 0·01) compared
with subjects who preferred white bread.

In the Norwegian County Study Jacobs et al. (2001)
found a similar inverse association between wholegrain
bread consumption and disease. Their study used a semi-
quantitative food-frequency questionnaire (FFQ) to gather
dietary information from 33848 Norwegian males and
females aged 35–65 years. The multivariate hazard rate
ratios for those in the highest quintile of wholegrain-bread
score compared with those in the lowest quintile was 0·66
(95 % CI 0·57, 0·77; P < 0·0001 for linear trend) for total

Table 2. Summary of evidence relating reduced risk of CHD and cancers to increased consumption of wholegrain foods, including studies where
cereal fibre intake is taken as a surrogate marker of whole grain intake

Evidence for reduced risk of: Study Reported Association Reference

Heart disease
CHD

Myocardial infarction
CHD
Coronary death

IHD (fatal and non-fatal)
Coronary death (CHD and 

cardiovascular disease)
IHD
Ischaemic stroke

Cancers
Colon cancer

All cancers

Upper GI tract cancers

Health Professionals Follow-up Study

Health Professionals Follow-up Study
Nurses’ Health Study
α-Tocopherol, ß-Carotene Cancer 

Prevention Study
Californian Seventh Day Adventists
Norwegian County Study

Iowa Women’s Health Study
Nurses’ Health Study

Case-controlled study with colon 
cancer patients

Iowa Women’s Health Study
Norwegian County Study
Systematic review of hospital-based 

case–control studies

Lower RR with consumption of ‘prudent diet’ 
containing whole grains

Lower RR with increased cereal-fibre consumption
Lower RR with increased cereal-fibre consumption
Lower RR with increased cereal-fibre consumption

Lower RR for preference for wholegrain bread
Lower HRR for wholegrain bread consumers

Lower RR for increasing whole grain consumption
Lower RR for increasing whole grain consumption

Reduced OR of cancer risk with increased whole 
grain consumption

Reduced HRR for whole grain consumers
Reduced HRR for whole grain consumers
Consistent reduced OR across all cancers studied 

except thyroid
Reduced OR of cancer risk with increased whole 

grain consumption

 
Hu et al. (2000)

Rimm et al. (1996)
Wolk et al. (1999)
Pietinen et al. (1996)

Fraser (1999)
Jacobs et al. (2001)

Jacobs et al. (1998b)
Liu et al. (2000a)

Levi et al. (1999)

Jacobs et al. (1999)
Jacobs et al. (2001)
Chatenoud et al. (1998)

Bosetti et al. (2000)
Levi et al. (2000)

RR, relative risk; HRR, hazards rate ratio; OR, odds ratio; GI, gastrointestinal.
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difficult for participants to reconstruct (Jacobs et al. 1998a).
In many parts of the world whole grain intake appears to be
positively associated with other health behaviours, so that
confounding with other dietary and lifestyle factors is
a possibility (Jacobs et al. 1998a). In all studies cited,
participants who had high intakes of wholegrain foods also
had numerous other favourable dietary and lifestyle charac-
teristics. However, adjustment for many of these variables
did not remove the inverse association between whole grain
intake and risk for heart disease, with 23–40 % reductions in
observed risk in consumers with high whole-grain or dietary
fibre intakes compared with those consuming little or no
wholegrain foods or dietary fibre.

Few feeding studies have been conducted on the
biological effects of increasing consumption of whole grains,
and thus mechanisms to explain this putative cardio-
protective effect remain unclear. Evidence for improved
blood lipid profiles as a consequence of consuming increased
quantities of wholegrain foods is available from Bruce et al.
(2000), who fed twelve hyperlipidaemic subjects with a diet
high in whole and unrefined foods compared with a control
diet of refined foods. The test diet was described as
‘phytochemical-rich’ and included dried fruits, nuts, tea,
wholegrain products and more than six servings of fruit and
vegetables per d. Subjects consumed the refined food diet for
the first 4 weeks of the study and then switched to the whole-
foods diet for 4 weeks. Consumption of the whole foods diet
resulted in a marked reduction in serum cholesterol and
LDL-cholesterol concentrations, improved colon function
and decreased the need for oxidative defence mechanisms.
These factors are proposed as biomarkers of decreased risk
of chronic disease (Slavin et al. 2001).

Whole grains and cancer

Diet plays a major role in the aetiology and prevention of
cancer. Overall, there is considerable support for inverse
associations between cancer risk and intakes of vegetables,
fruits, whole grains, dietary fibre, certain micronutrients and
certain types of fats, as well as physical activity. Direct
relationships between diet and cancer have also been found
for intakes of total and saturated fat, obesity and food
preparation methods such as salting, smoking and pickling
foods and high-temperature cooking of meats (Greenwald
et al. 2001).

Whole grains are important sources of insoluble fibres,
which are important for optimising bowel transit time and
faecal weight, thereby reducing risk of bowel cancer
(Cummings et al. 1992). Insoluble fibres undergo ferment-
ation in the large intestine, producing short-chain fatty acids
such as butyrate, an important suppresser of tumour
formation (McIntyre et al. 1993). As already mentioned,
whole grains also contain many different antioxidants and
phyto-oestrogens, which are believed to be important in
cancer prevention (Slavin, 2000). Whole grains also
favourably mediate glucose response, which has been
suggested as being protective against colon and breast cancer
(Slavin, 2000).

Levi et al. (1999) used a case–control study in Switzerland
of 223 male and female patients with colon cancer and 491
controls aged 27–74 years to assess the relationship between

certain foods and risk for colon cancer. Information on
habitual diet was gathered using a FFQ. Their results showed
significant direct associations between refined grains (odds
ratio (OR) 1·8 for highest tertile of intake), red meats (OR
2·2) and pork and processed meat (OR 2·9) and risk for colon
cancer. Foods that showed significant inverse relationships
with cancer risk were whole grains (OR 0·5), raw vegetables
(OR 0·5), cooked vegetables (OR 0·4), citrus and other fruits
(OR 0·5), garlic (OR 0·3) and coffee (OR 0·4).

Jacobs et al. (1999) also reported a reduction in cancer
risk for all cancers studied in participants in the Iowa
Women’s Health Study who had a high whole grain
consumption. The multivariate hazard rate ratio was 0·86
(95 % CI 0·76, 0·97; P = 0·005 for trend) for the comparison
of extreme quintiles of intake. Findings were similar among
wholegrain bread consumers in the Norwegian County
Study, with multivariate hazard rate ratios of 0·79 (95 % CI
0·62, 1·02; P = 0·07; Jacobs et al. 2001).

Whole grain consumption is inversely associated with
upper digestive cancers (Bosetti et al. 2000; Levi et al.
2000). Levi et al. (2000) reported protective effects of whole
grains on risk for cancers of the oral cavity and pharynx
(OR 0·6 for the highest tertile of intake), the oesophagus
(OR 0·3) and larynx (OR 0·7), while refined grain intake
displayed a direct relationship with risk for cancers at all
three sites (OR 1·9, 3·7 and 4·0 respectively).

The Iowa Women’s Health Study revealed a tendency for
a higher risk of breast cancer in women in the highest
quintile of whole grain intake, but this association was not
significant and the authors concluded no association
between refined or whole grain intakes with risk for post-
menopausal breast cancer (Nicodemus et al. 2001). This
finding is consistent with that of Terry et al. (2001), who
studied major dietary patterns and risk for breast cancer. No
association was found between risk for breast cancer and a
‘healthy’ dietary pattern (characterised by foods such as
fruit, vegetables, fish, poultry, low-fat dairy products and
whole grains) or ‘Western’ pattern (characterised by foods
such as red and processed meats, refined grains, fats and
sweets).

Chatenoud et al. (1998) carried out a systematic review of
a series of hospital-based case–control studies to analyse the
relationship between whole grain intake and risk for cancer
at several sites. Cases were patients with histologically-
confirmed cancers at oral and pharynx (n 181), oesophagus
(n 316), larynx (n 242), stomach (n 745), colon (n 828),
rectum (n 498), liver (n 428), gallbladder (n 60), breast
(n 3421), endometrium (n 750), ovaries (n 971), prostate
gland (n 127), bladder (n 431), kidneys (n 190) and thyroid
gland (n 208). There were also eighty cases of Hodgkin’s
disease and 200 cases of non-Hodgkin’s lymphomas, and
120 cases of multiple myelomas. The control group
consisted of 3220 male patients and 4770 female patients
treated for a wide spectrum of acute non-neoplastic condi-
tions at the same network of hospitals where cases had been
identified. All control and case patients were < 75 years.
Dietary information was gathered using a FFQ administered
in hospital by an experienced interviewer, and patients were
followed for 8 years for colo-rectal cancer and 13 years
for other cancers. Results showed a consistent pattern of
protection of wholegrain foods for all cancer sites considered
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Administration, 1999). In the UK the ‘Balance of Good
Health’ recommends that grains, potatoes and other
starchy carbohydrates constitute about one-third of the diet
(Health Education Authority, 1995). There are no specific
guidelines for intakes of whole foods, although choosing
high-fibre options where possible is advised. Recent
campaigns in the UK led by the British Nutrition Foundation
and those sponsored by industry have attempted to raise
awareness among consumers of the health benefits of whole
grains based on maintenance of cardiovascular health.
These schemes have developed whole grain messages that
can be communicated effectively through various health
professionals and the media to help consumers identify
wholegrain foods and products. The Joint Health Claims
Initiative (2002) have recently authorised a health claim for
wholegrain products (meeting the same criteria for classifi-
cation of whole grain as US requirements) in the UK, which
states: ‘People who have a healthy heart tend to eat more
whole grain foods as part of a healthy lifestyle’.

Recommended intakes and consumption patterns

In recent times substantial attention has been paid to the
health effects of saturated fats and fruit and vegetable
intakes, with little public attention directed to the
importance of whole v. refined grains, which may contribute
to population whole grain intakes falling short of
recommendations. Food disappearance data for the USA
show that total grain intake has decreased from 36·2 % food
energy in 1909–19 to 23·3 % food energy in 1990. Whole-
grain intake displays a modest increase over time but its
contribution to food energy is minimal, at 1·4 % in 1990
(Jacobs et al. 1999).

Table 3 shows intake levels of whole and refined grains
divided into quintiles for participants of the Iowa Women’s
Health Study in 1986 (Jacobs et al. 1999). Those in the
highest quintile had a median intake of 22·5 servings per
week (3·2 servings/d), just above current US dietary recom-
mendations. The range of intake within this quintile was very
wide, with the lower value in the range, 18·5 servings per
week, being less than the recommended intake,. Of this study
cohort > 80 % failed to reach the target intake, 40 %
consumed one or less serving per d and > 20 % consumed
virtually no whole grains. The Nurse’s Health Study reported
generally lower consumption rates among the 38–63-year-
old participants, with median intakes of 0·13, 0·43, 0·85, 1·31
and 2·70 servings per d in quintiles 1–5 respectively (Liu
et al. 1999).

Albertson & Tobelmann (1995) analysed food con-
sumption data from the Market Research Corporation of
America to establish consumption levels of grain and
wholegrain foods among 9165 individuals. Grain intake was
quantified as the number of eating occasions and data
were categorised according to age-groups, 2–18 years and
≥ 19 years. Of young Americans in this study > 50 % and
approximately 70 % of the older age category reported less
than three eating occasions of grain products (whole or
refined) per d. Whole grain eating occasions of less than one
per d were reported by 90 and 73 % of the younger and older
age categories respectively. About one-fifth of both age
categories consumed no whole grains.

US National Food Survey data reveal whole-grain intake
to be extremely low (Adams & Engstrom, 2000a; Cleveland
et al. 2000). Dietary information from 9323 individuals
aged ≥ 20 years, gathered through the US Department
of Agriculture’s Continuing Survey of Food Intakes by
Individuals, was analysed for whole grain intakes
(Cleveland et al. 2000). Only 8 % met the recommendation
to consume at least three servings of whole grains per d and
only 36 % consumed more than one serving per d. Of the
65 % consuming less than one serving per d, half consumed
no whole grains. Consumers of whole grains meeting the
target intake were more likely to be male, white, of higher
socio-economic status, a non-smoker, a frequent exerciser, a
user of vitamin–mineral supplements and not overweight.
Consumers of whole grains also had better nutrient profiles
than non-consumers and were more likely to meet recom-
mendations for other pyramid constituents, such as fruit and
vegetables and dairy products.

Information on whole-grain intakes in the UK is limited
but has recently been undertaken by Lang et al. (2003) using
data from the National Dietary Survey of British Adults
(1986–7) and the National Diet and Nutrition Survey of
People aged 65 years and over (1994–5). In this report a
serving of whole grain was identified on each occasion that
a wholegrain food code appeared in a dietary record for each
individual (defined according to US requirements, i.e. 51 %
(w/w) whole grain content), regardless of portion size.
Using this criterion, approximately one-third of adults from
both surveys failed to consume whole grains on a daily basis
and > 90 % consumed less than three servings per d. Median
servings per week were 2·0 for males and 3·0 for females.
Whole grain intake was lowest in the 16–24 year age
category and highest among 55–64-year-olds in the 1986–7
survey. Consumption varied according to location, with
differences observed between gender. Scotland and Wales
had the lowest median number of servings per week for both
men and women in the 1986–7 survey, while the Midlands
and East Anglia showed the highest intakes for men and
women. In both surveys whole grain intake was associated
with higher social class and abstinence from smoking. The
study did not quantify whole grain intake in terms of actual
amount consumed and therefore intakes are likely to be
underrepresented and not directly comparable with US
consumption patterns.

Strategies to increase whole grain consumption

In general, therefore, whole grain intake is extremely low
among most consumers. Studies from both the USA and the
UK that have quantified whole-grain intakes from specific
food sources found breads and breakfast cereals to be the
major contributors (Jacobs et al. 1999; Cleveland et al.
2000; Smith et al. 2001b; Lang et al. 2003). Adams &
Engstrom (2000b) postulated that inferior taste, time
constraints, unfamiliarity with wholegrain foods and what
constitutes ‘whole grain’ and a lack of knowledge of the
health benefits of whole grains contribute to poor consumer
uptake of whole v. refined foods. In a questionnaire-based
study of populations in Newcastle upon Tyne and Chester
(Deeside, UK), Smith S et al. (2001) have reported low
consumption levels of wholegrain products, especially
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