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Summary

 

The aim of this paper is to provide an overview of the existing scientific literature
on the role of red meat in the diet. It discusses current levels of red meat intake, the
nutritional benefits of consuming red meat, dietary and lifestyle factors associated
with meat consumption and the effects of red meat intake on health and chronic dis-
ease outcomes.
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Definitions

 

Much of the evidence presented in this paper is based on
epidemiological studies investigating associations
between meat intake and health/disease outcomes. Not
all studies define what is meant by meat and, where def-
initions are offered, they are not always the same, which
can make comparisons between studies difficult. Some
studies include poultry under the definition of meat,
while others exclude it; some look at total meat con-
sumption (including red meat and processed meat),
while others analyse red meat and processed meat sep-
arately. In general, red meat refers to beef, pork and
lamb in main dishes, and processed meat refers to meat
products, such as sausages, burgers and smoked, cured
and tinned meats. Offal is also a form of meat, but there
is little epidemiological evidence specific to this category
of meat.

For the purposes of this paper, the following defini-
tions for red and processed meat will be used, which are
based on definitions currently used in epidemiological

studies looking at the health effects of meat consump-
tion, such as the European Prospective Investigation
into Cancer and Nutrition (EPIC) study. Where studies
have used different definitions, this is highlighted.

 

Red meat consumption

 

Trends in consumption of individual meats vary widely.
In developed countries there has been a general decrease
in the amount of red meat consumed, which can prima-
rily be attributed to a reduction in beef consumption
since the mid- to late 1990s, as the variation in con-
sumption of lamb/mutton has been minimal (Red Meat
and Health Expert Advisory Committee 2001; Fowler
2004; Meat and Wool New Zealand 2004). Pig meat is
the most widely consumed meat in the EU and con-

 

Red meat

 

 includes beef, veal, pork and lamb (fresh,
minced and frozen).

 

Processed meat

 

 includes meat that has been preserved
by methods other than freezing, such as salting,
smoking, marinating, air-drying or heating 

 

e.g.

 

 ham,
bacon, sausages, hamburgers, salami, corned beef
and tinned meat.

Source: Linseisen 

 

et al

 

. (2002).
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sumption has been steadily increasing. While it is less
commonly consumed in New Zealand and Australia,
consumption has also been increasing in these areas.

 

Data quality

 

Data from food balance sheets (which indicate meat
available for consumption) have primarily been used to
follow trends in the supply of meat. Food balance sheets
are based on statistical data on the production, import
and export of carcases, and eventual shifts in stock. Due
to the large quantity of material discarded prior to meat
reaching the table for consumption (

 

e.g.

 

 bones and car-
tilage) and at the table (

 

e.g.

 

 trimmed fat, wastage), the
apparent supply from this source will always be an over-
estimation of the true meat intake in a population.
Detailed analysis of food consumption is often available
from dietary surveys undertaken within a country. Such
surveys take into account the food intake of individuals,
and provide more reliable information about the fre-
quency, amount and type of foods consumed. However,
it is difficult to use these data to make international
comparisons due to the different methodologies used to
collect and analyse the data. However, the recent EPIC
study has provided comparable information on meat
intakes across a range of European countries, using a
standardised methodology to collect the dietary data.

 

Consumption of red and processed meat

 

Despite the numerous issues with data quality, as
described above, the quantity of data available presents
a useful picture about meat consumption. Data from
EPIC (Linseisen 

 

et al

 

. 2002) and national dietary sur-
veys indicate gender differences in meat intake. For
example, a recent survey of dietary habits in Denmark
shows that men consume more meat and meat products
than women; on average 141 g per day compared with
89 g per day (excluding poultry) (Danish Institute for
Food and Veterinary Research 2005a). However, this is
not just a European phenomenon. Data from the 1995/
6 Australian National Nutrition Survey on red meat
intakes (including beef, veal and lamb, as cuts or as
products in mixed dishes) also found a notable differ-
ence. The survey found that, on average, women con-
sumed 45 g of red meat per day, while men consumed
88 g per day, and that only 28% of men and 12% of
women who consumed red meat ate more than 120 g
per day (Red Meat and Health Expert Advisory
Committee 2001).

When considering the health effects of red meat con-
sumption, it is useful to consider how meat is con-

sumed as part of the diet (

 

e.g.

 

 portion sizes), and the
type of meat consumed. Data from the recent North/
South Food Consumption Survey for Ireland found
that, compared with all meats, portions of beef and
veal were largest (on average 60 g), and consumed by
55% of the sample (Irish Universities Nutrition Alli-
ance 2001). According to the survey, the most com-
monly consumed meats in Ireland were bacon and ham
(consumed by 91% of the sample). Average meat intake
increased from 33 g to 134 g per day when intakes of
all processed and carcase meats were included. In the
UK, bacon and ham are also the most commonly con-
sumed meats (with 77% of men and 64% of women
consuming these products) (Henderson 

 

et al

 

. 2002).
Overall, carcase meat consumption in the UK has been
recorded at just 32 g per person per day (Department
for Food and Rural Affairs 2005). However, this does
not take into account ready meals and convenience
meat products which have become very popular in the
UK. The popularity of these foods, along with other
meat products such as meat pies, makes it difficult to
accurately measure the average amount of red meat
consumed. For example, data from the North/South
Ireland Food Consumption Survey found that there
was a 43% overestimation of meat intake, without dis-
aggregation of composite foods (such as lasagne, sau-
sage rolls) (Cosgrove 

 

et al

 

. 2005a).
Although consumer attitudes to meat are influenced

by a number of factors, such as price and availability,
the major differences in the volume and type of meat
consumed between countries are thought to be primarily
due to differences in culture and traditional eating hab-
its (Fowler 2004). From the EPIC data it is evident that
different European countries favour certain meats; for
example, Germany shows the highest consumption of
pork, while mutton/lamb seems to be the most fre-
quently consumed meat in France and Spain. With
regard to processed meat intake, Sweden, Norway and
Germany have the highest intakes, primarily due to the
amount of sausages they consume (Linseisen 

 

et al

 

.
2002). Table 1 shows average daily intakes of red and
processed meat in a range of European countries, as
determined by the EPIC calibration study.

 

Nutrient composition of red meat and 
contribution to nutrient intakes

 

The main health benefits associated with eating red meat
relate to its nutritional composition. Red meat contains
high biological value protein and important micronutri-
ents, all of which are essential for good health through-
out life. Most healthy balanced diets will include lean
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meat in moderate amounts, together with starchy car-
bohydrates (including wholegrain foods), plenty of fruit
and vegetables, and moderate amounts of milk and
dairy foods.

Data on the nutrient composition of red meat are
available in food composition tables and databases.
There are over 150 food composition tables and elec-
tronic databases worldwide and undoubtedly meat and
meat products will be listed in all of these, although
slightly different nutrient values are likely to be found in
different versions. Table 2 shows the nutrient composi-
tion of 100 g of lean raw beef, lamb and pork according
to the food composition tables of four countries, and
illustrates how these figures can vary. This variation
may be due to a number of reasons. For example, there
may have been some differences in the nutrient compo-
sition of the meats selected for sampling, perhaps due to
differences in the animals’ feeding regime. Also, differ-
ent sampling techniques may have been used (

 

e.g.

 

 values
for beef may be based on one particular cut of meat
from one breed of cattle while others may be based on a
variety of cuts and breeds). Furthermore, different tech-
nologies or methods may have been used to analyse the
products, or there may be differences in classification of
the various cuts of meat.

 

Energy

 

The amount of energy provided by meat is variable.
Meat contains virtually no carbohydrate, and is princi-
pally composed of protein (which provides 17 kJ/4 kcal
of energy per gram). Meat also contains fat in varying
amounts (providing 37 kJ/9 kcal of energy per gram).
The more fat that meat contains, the higher the energy
content will be, as shown in Table 3.

 

Table 1

 

Mean daily intake (g per day) of total meat, red meat, processed meat and red 

 

+

 

 processed meat in selected countries participating 
in the European Prospective Investigation into Cancer and Nutrition (EPIC) calibration study

 

Total meat* Red meat Processed meat
Red meat 

 

+

 

 processed 
meat

Men Women Men Women Men Women Men Women

Greece 78.8 47.1 45.3 25.5 10.0 5.8 55.3 31.3
Spain 170.4 99.2 74.0 37.8 52.8 29.6 126.8 67.4
Italy 140.1 86.1 57.8 40.8 33.5 19.6 91.3 60.4
Germany 154.6 84.3 52.2 28.6 83.2 40.9 135.4 69.5
Netherlands 155.6 92.7 63.8 41.0 72.4 37.9 136.2 78.9
UK 108.1 72.3 40.0 24.6 38.4 22.3 78.4 46.9
Denmark 141.1 88.3 69.6 44.1 51.9 25.3 121.5 69.4

Source: Linseisen 

 

et al

 

. (2002).
*Total meat includes pork, beef, veal, lamb/mutton, poultry, game, rabbit, horse, goat and offal.

 

Table 2

 

Comparison of selected nutrients in beef, lamb and pork 
(per 100 g) according to food composition databases from four 
countries

 

Denmark UK Australia USA

Beef, lean, raw
Energy (kJ) 470 571 520 531
Protein (g) 22.3 22.5 23.0 22.3
Fat (g) 2.5 5.1 3.6 3.5
Niacin (mg) 10.1 5.0 3.0 6.5
Vitamin B

 

12

 

 (

 

µ

 

g) 1.4 2.0 1.1 0.9
Iron (mg) 2.4 1.8 2.0 1.6
Zinc (mg) 4.7 4.1 4.2 4.0
Selenium (

 

µ

 

g) 6.5 7.0 10.0 30.8

Lamb (leg), lean, raw
Energy (kJ) 545 651 501 561
Protein (g) 20.2 20.2 20.4 20.5
Fat (g) 5.5 8.3 4.2 5.1
Niacin (mg) 7.5 5.4 5.6 6.3
Vitamin B

 

12

 

 (

 

µ

 

g) 1.2 2.0 0.9 2.8
Iron (mg) 2.2 1.4 2.3 1.8
Zinc (mg) 3.3 3.3 3.4 3.8
Selenium (

 

µ

 

g) 1.4 2.0 10.0 23.4

Pork, lean, raw
Energy (kJ) 445 519 N/A 502
Protein (g) 21.6 21.8 N/A 20.9
Fat (g) 2.1 4.0 N/A 3.4
Niacin (mg) 7.3 6.9 N/A 4.4
Vitamin B

 

12

 

 (

 

µ

 

g) 0.7 1.0 N/A 0.8
Iron (mg) 0.7 0.7 N/A 1.2
Zinc (mg) 3.6 2.1 N/A 2.0
Selenium (

 

µ

 

g) 6.9 13.0 N/A 28.9

Sources: Chan 

 

et al

 

. (1995); Red Meat and Health Expert Advisory Com-
mittee (2001); Danish Institute for Food and Veterinary Research (2005b);
USDA (2005).
N/A: data were not available.
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Protein

 

Dietary protein is needed for growth, maintenance and
repair of the body, and can also provide energy. Protein
from foods consists of chains of hundreds to thousands
of amino acids. Some amino acids can be synthesised in
the body, while others – essential (or indispensable)
amino acids – cannot, and therefore essential amino
acids need to be consumed in the diet to maintain good
health. There are eight essential amino acids and red
meat (and in some cases meat products) are important
sources of these. In comparison, nearly all plant proteins
have low levels of at least one essential amino acid,
known as the ‘limiting amino acid’, for example in the
case of wheat, this is lysine. Eating different plant foods,
in combination, can provide the right balance of essen-
tial amino acids, although less efficiently than meat.

Red meat contains, on average, 20–24 g of protein
per 100 g (when raw). Cooked red meat contains 27–
35 g of protein per 100 g (cooked weight); as meat is
cooked the water content decreases and the nutrients
become more concentrated, therefore the protein con-
tent increases. Leaner meat also contains a higher pro-
portion of protein, as shown in Table 3.

In most developed countries, average protein intakes
for all age groups are in excess of the minimum protein
requirements needed for good health, provided energy
intakes are sufficient. Any excess protein in the diet is
used to provide energy. Meat and meat products
(including poultry) contribute 36% of total protein
intake and are the major dietary source of protein in the
UK (Henderson 

 

et al

 

. 2002). Slightly lower figures have
been recorded elsewhere in Europe, with meat and meat
products contributing 30.7% in France (including
poultry) and 26% in Denmark (excluding poultry)
(Credoc 2003; Danish Institute for Food and Veterinary
Research 2005a). The contribution meat makes to pro-

tein intakes is within a similar range in other developed
countries; for example, in New Zealand meat and meat
products (including poultry) contribute 33% of protein
intake, and 22% in Australia (excluding poultry)
(Russell 

 

et al

 

. 1999; Baghurst 

 

et al

 

. 2000).

 

Fat

 

Fat is the richest dietary source of energy and supplies
essential nutrients such as fat-soluble vitamins and
essential fatty acids, but must be consumed in modera-
tion. Fat also provides palatability and flavour to foods.
Fat is made up of different types of fatty acids: saturated
fatty acids (SFAs), monounsaturated fatty acids
(MUFAs) and polyunsaturated fatty acids (PUFAs). The
fatty acid profile of a food is determined by the propor-
tions in which each of the fatty acids are present. It is
now well recognised that different fatty acids have dif-
ferent effects on blood cholesterol levels, some beneficial
and some adverse, and therefore it is important to con-
sider the fatty acid profile of a food (see 

 

Cardiovascular
disease

 

 section).
Fat in meat is present as intermuscular fat (between

the muscles), intramuscular fat (or marbling, 

 

i.e.

 

 within
the muscles) and subcutaneous fat (below the skin). The
fat content of red meat varies widely, depending on the
type of red meat, the cut and the degree of trimming
(BNF 1999a; Higgs 2000). In some countries, meat with
a low fat content is classified as ‘lean meat’. There is no
international definition of lean meat, however, stan-
dards seem to be similar in different countries. For
example, in Australia and New Zealand, meat contain-
ing less than 10% fat meets the Heart Foundation’s ‘tick
of approval’, and in Denmark, meat containing between
5 and 10% fat is classified as ‘lean’ (Red Meat and
Health Expert Advisory Committee 2001; Ovesen
2002).

 

Fatty acid composition of meat

 

Overall, lean red meat contains similar proportions of
MUFAs to SFAs, although as illustrated in Table 4, the
exact proportions vary depending on the type of meat
(Chan 

 

et al

 

. 1995).
The fatty acid profile of meat will also vary depending

on the proportions of lean and fat present. For example,
lean meat is higher in PUFAs and lower in SFAs (

 

e.g.

 

 less
than 2 g of SFAs per 100 g of meat), compared with
untrimmed meat. Trimming the fat off meat will affect
the proportions of fatty acids, as visible fat is higher in
SFAs, containing around 37 g of SFAs per 100 g of meat
(Li 

 

et al

 

. 2005).

 

Table 3

 

Energy, fat and protein content of lean and untrimmed cuts 
of red meat (per 100 g; UK figures)

 

Meat (barbecued or grilled)
Energy
kJ (kcal) Fat (g) Protein (g)

Rump steak – lean 741 (176) 5.7 31.2
Rump steak – lean and fat 849 (203) 9.4 29.5
Leg joint of lamb – lean 879 (210) 9.6 30.8
Leg joint of lamb – lean and fat 986 (236) 13.0 29.7
Loin chops of pork – lean 780 (186) 6.8 31.1
Loin chops of pork – lean and fat 1066 (255) 15.8 28.3

Source: Chan 

 

et al

 

. (1995).
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The main SFAs present in red meat are palmitic acid
and stearic acid (Fink-Gremmels 1993; MAFF 1998).
There are also minor amounts of myristic acid which is
thought to increase cholesterol levels more potently than
palmitic acid, while stearic acid appears to have no
effect on cholesterol levels, despite being a SFA (Ulbricht
& Southgate 1991; Fink-Gremmels 1993; MAFF 1998;
Higgs 2000). The principal MUFA in meat is oleic acid,
and typically between 30 and 40% of the fat in meat is
composed of MUFAs (Fink-Gremmels 1993; MAFF
1998).

Red meat also contains PUFAs. The predominant
PUFAs in meat are linoleic (

 

n-

 

6) and 

 

α

 

-linolenic acid
(

 

n-

 

3), which are known as essential fatty acids because
they cannot be made in the body. Although meat con-
tains low levels of PUFAs, in the UK meat and meat
products (including poultry) contribute substantially to
intakes, providing 18% of 

 

n-

 

6 PUFAs and 17% of 

 

n-

 

3
PUFAs, while contributing to 23% of overall fat intake
(Henderson 

 

et al

 

. 2003a). The contribution that meat
and meat products make to fatty acid intakes varies
between countries. For example, in Denmark meat and
meat products contribute 26% of MUFAs, 11% of
PUFAs, and only 18% of SFAs in the diet (Danish
Institute for Food and Veterinary Research 2005a).
Similar figures have been recorded for other European
countries, such as Ireland and the UK (Henderson 

 

et al

 

.
2003a; Cosgrove 2005a). However, the contribution of
red meat (from cuts, dishes and products, excluding
the pastry, potatoes, etc.) to total fatty acid intake in
Australia is much lower, providing up to 11% of
MUFAs, 3% of PUFAs and 10% of SFAs (Baghurst

 

et al

 

. 2000).
Meat also contains small amounts of the long-chain

 

n

 

-3 PUFAs eicosapentaenoic acid (EPA), docosapen-
taenoic acid (DPA) and docosahexaenoic acid (DHA)
(Fink-Gremmels 1993; Wood 

 

et al

 

. 1999). As outlined

later, studies have demonstrated that long-chain 

 

n-

 

3
PUFAs, 

 

e.g.

 

 EPA and DHA, have potential benefits in
relation to heart health, especially in those who have
already had a heart attack. As a result of this, the UK
Department of Health recommends that intake of long-
chain 

 

n-

 

3 PUFAs should be at least 450 mg per day
(SACN & COT 2004). Only a small amount of these
long-chain 

 

n-

 

3 PUFAs are found in meat, but there are
few rich sources apart from oily fish and therefore meat
can usefully contribute to intakes of these important
fatty acids for those who consume little or no oily fish
(Higgs 2000; Red Meat and Health Expert Advisory
Committee 2001).

The content of PUFAs in meat is strongly influenced
by the feeding regime of the animal (Wood 

 

et al

 

. 1999).
For example, meat from ruminant animals fed on grass
throughout the year (as in northern Europe, Australia
and New Zealand) has higher levels of PUFAs. This is
because a small proportion of the major fatty acid in
grass, 

 

α

 

-linolenic acid, can escape hydrogenation in the
rumen, and is absorbed into the tissue lipids. Meat will
also provide long-chain 

 

n-

 

3 PUFAs as a result of the
transformation of dietary 

 

α

 

-linolenic acid to EPA and
DHA. Oil seeds, such as linseed and rapeseed are also
high in 

 

α

 

-linolenic acid, and therefore the meat of ani-
mals reared on feeds containing these will also contain
higher levels of 

 

n-

 

3 PUFAs (primarily 

 

α

 

-linolenic acid)
(Givens 2005).

Meat from ruminant animals is also a source of
another naturally occurring fatty acid – conjugated
linoleic acid (CLA). CLA is a collective term used to
describe a mixture of positional and geometric isomers
of linoleic acid. CLA isomers are intermediates in the
bio-hydrogenation of linoleic acid and the majority of
CLA is produced within the peripheral tissues from the
rumen-derived fatty acid vaccenic acid. CLA is natu-
rally found in small amounts in products from rumi-
nant animals, 

 

e.g.

 

 lamb, beef, cheese and milk. Feeding
practices influence the CLA content of meat. For exam-
ple, concentrations of CLA in Irish and Australian beef
can be 2–3 times higher than those in beef from the
USA, reflecting the greater consumption of pasture
throughout the year (Moloney, in press). Based largely
on animal studies in rodents, there is interest in the
potential health benefits of CLA in humans in connec-
tion with cancer, blood lipids and an influence on the
lean : fat tissue ratio (in favour of lean tissue) (Calder
2002); however, no clear conclusions have yet been
made with respect to human health. It is of interest that
one of the two double bonds in most forms of CLA is in
the 

 

trans

 

 configuration (Kelley & Erickson 2003;
Stanner 2005).

 

Table 4

 

Typical fatty acid composition (g/100 g) of different types 
of red meat (lean only, cooked) (UK figures)

 

Beef Lamb Pork Bacon (grilled)

Total SFA 3.26 5.36 2.31 7.91
Total MUFA 3.41 4.06 2.56 8.85
Total PUFA 0.38 0.59 1.15 2.71

 

n-

 

6 PUFA 0.36 0.48 1.02 2.41

 

n-

 

3 PUFA 0.09 0.23 0.12 0.31

Source: MAFF (1995).
SFA, saturated fatty acids; MUFA, monounsaturated fatty acids; PUFA, poly-
unsaturated fatty acids.
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The double bonds between carbon atoms in unsatur-
ated fatty acids exist in a 

 

trans

 

 form or a 

 

cis

 

 form, which
affects the way in which the fatty acid behaves. The
usual form in nature is 

 

cis

 

. 

 

Trans

 

 fatty acids (including
CLA) are present in small amounts in ruminant meat.
They are produced through the natural biological
hydrogenation of 

 

cis

 

-fatty acids, which occurs through
bacterial action in the intestine of ruminant animals;
vaccenic acid is recognised as the most common 

 

trans

 

fatty acid produced. 

 

Trans

 

 fatty acids can also be
formed from industrial processing (hydrogenation) of

 

cis-

 

fatty acids in oils and fats during the manufacture of
products such as traditional margarine (many marga-
rines and spreads are now processed differently to be
virtually 

 

trans

 

 fat free), and are found in bakery and
confectionery products which contain these partially
hydrogenated oils. High intakes of 

 

trans

 

 fatty acids have
been shown to adversely influence the ratio of low den-
sity lipoprotein (LDL)-cholesterol to high density lipo-
protein (HDL)-cholesterol, a recognised risk factor for
cardiovascular disease (CVD) (see later). Therefore,
dietary guidelines in the UK recommend an upper limit
in the consumption of 

 

trans

 

 fatty acids of 2% of dietary
energy intake (Department of Health 1994). It should be
noted that the natural 

 

trans fats found in meat and milk
from ruminant animals may not have such an adverse
effect on blood lipid concentrations, although further
research in this area is needed (BNF 1995a).

Changes in the fat content and fatty acid composition 
of meat

Advances in food processing technologies and breeding
programmes, as well as modification of animal feeds
and modern butchery techniques have all led to a reduc-
tion in the fat content of carcase meat over the past
15 years. For example, the fat content of carcase meat in
the UK has been reduced by over 30% for pork, 15%
for beef and 10% for lamb (Lee et al. 1995; Higgs
2000). New Zealand has seen similar changes, and in
particular has worked with butchers to encourage the
trimming of fat from red meat before sale, through the
introduction of a ‘Quality Mark’. These efforts have
resulted in a 48% reduction of fat in beef, and a 43%
reduction in lamb (Laugesen 2005).

Successful modification of the fatty acid profile of
some carcase meat has also taken place by alterations in
feeding practices. The fatty acid profile of non-ruminant
meat is essentially a reflection of that in the diet (Givens
& Shingfield 2004). For example, in mono-gastric ani-
mals such as pigs, inclusion of vegetable and fish oils in

feeds has resulted in significant increases in n-3 PUFAs,
particularly when compared with a traditional cereal-
based diet, with the meat fat principally comprising
SFAs and MUFAs. In ruminants, the composition of fat
is less variable and it has been more difficult to modify
the fatty acid profile of the meat, owing to the influence
of gut bacteria (Higgs 2000).

A reduction in fat content has not been seen for all
cuts of meat, but this may be because some fat is added
back to the meat at retail level (e.g. some cuts of topside
of beef for roasting) in some countries, such as the UK.
There remains further potential to make greater fat sav-
ings in the meat sector (e.g. in meat products such as
pies), as well as in other food sectors. Meanwhile, many
consumers now recognise that by trimming the fat off
meat, they can reduce the amount of fat they consume
from a cut of meat (Leeds et al. 1997). Consumers can
also modify the fat content of meat through preparation
methods and cooking. For example, fat gains can occur
as a result of the meat sitting in the fat used for frying,
and deep frying with breadcrumb coating. Other meth-
ods of cooking, such as grilling or dry frying, can result
in fat losses for meat products (Clausen & Ovesen
2005).

Micronutrient composition of red meat

Red meat contains an array of micronutrients, some in
substantial amounts, which are required for general
health and well-being. According to EU legislation,
when a serving of a food contributes a sixth of the EU
reference intake, it can be classified as a source. If a serv-
ing provides half of the recommended daily amount
(RDA), it can be classified as a rich source (BNF 2002).
It should be noted that the definition of the term ‘source’
is different across the world, for example, in Canada a
food is a source if it provides 5% of the recommended
nutrient intake. In the EU, a 100 g serving of beef, pork
or lamb can be classified as a rich source of vitamin B12,
and a source of niacin, vitamin B6, zinc and phosphorus.
The content of other B vitamins varies between the dif-
ferent meats. In this paper, particular attention has been
paid to those nutrients for which red meat is regarded as
a source according to EU regulations, and other micro-
nutrients such as iron, of which red meat is an important
dietary contributor.

Vitamins

The B vitamins work as cofactors in different enzyme
systems in the body. In developed countries, intakes of B
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vitamins meet dietary requirements for the majority of
individuals. However, as meat and animal-derived foods
are the only foods that naturally provide vitamin B12,
some individuals who exclude such foods from their diet
are at risk of inadequate intakes. Dietary intakes of vita-
min B12 are consistently reported as being lower in
vegetarian diets, and particularly low in vegan diets
(Herbert 1988, 1994), thus indicating the important
contribution of meat and animal-derived products in the
diet to vitamin B12 intake.

Red meat contains a number of B vitamins: thiamin,
riboflavin, pantothenic acid, folate, niacin, B6 and B12

(Chan et al. 1995). In particular, in the EU red meat can
be termed a rich source of vitamin B12 and makes an
important contribution to B12 intake in a number of
countries. For example, 35% of vitamin B12 in the
Danish diet comes from meat and meat products and
similar figures have been reported in the UK and New
Zealand (Russell et al. 1999; Henderson et al. 2003b;
Danish Institute for Food and Veterinary Research
2005a).

Vitamin D is essential for the development and main-
tenance of bone. Only a few foodstuffs contribute to
intake of vitamin D, however, dietary requirements for
most people are thought to be low as the majority of
vitamin D comes from the action of sunlight on 7-dehy-
drocholesterol in the skin. Nevertheless, housebound
people and those who wear concealing clothing are par-
ticularly reliant on a dietary supply of vitamin D, and
meat may usefully contribute to dietary intake. It is
thought that the vitamin in meat is derived from the
action of sunlight on the skin of animals, or from the
animals’ feed (MAFF 1995). In particular, the vitamin D
metabolite 25-hydroxycholecalciferol [25(OH)D3] is
found in significant quantities in meat and liver, and is
assumed to have a high biological activity, resulting in
better and faster absorption from the diet, compared
with its parent compound (Groff et al. 1995). Further-
more, it has been suggested that components of meat
protein may enhance the utilisation of vitamin D in
humans, particularly where exposure to sunshine is lim-
ited. However, there is a need for more research in this
area (Dunnigan & Henderson 1997).

Although the contribution that meat makes to vita-
min D intake is well recognised, it is difficult to accu-
rately assess intakes of vitamin D from the diet, as food
composition tables differ in the way vitamin D is
expressed (Gibson & Ashwell 1997; Clausen et al.
2003). According to the most recent UK National Diet
and Nutrition Survey, meat and meat products (includ-
ing poultry, processed meats and meat products) con-

tribute 22% of daily intake of vitamin D (Henderson
et al. 2003b). This is similar to reports elsewhere in
Europe. For example, in Denmark meat and meat prod-
ucts (excluding poultry) contribute 26% of vitamin D
intake (Danish Institute for Food and Veterinary
Research 2005a). It is also difficult to assess the contri-
bution that meat makes to requirements of vitamin D,
owing to a substantial amount being derived from the
action of sunlight on the skin.

There are small amounts of vitamin E present in meat.
As this is a fat-soluble vitamin, concentrations of vita-
min E will be higher in fattier cuts of meat. Vegetable
oils are particularly high in vitamin E, and therefore the
recent trend to include seed oils in animals’ diets will
have contributed to an increase in the vitamin E content
of meat. Offal, particularly liver, is a good source of
vitamin A, in the form of retinol. However, the amount
present in liver can be variable and indeed very high,
and will depend on the age of the animal and the com-
position of the feed consumed. As fat-soluble vitamins
are not excreted by the body, very high doses can have
adverse health effects. For example, there has been con-
cern about high vitamin A intakes in relation to bone
health (SACN 2005a).

Minerals

Meat is an important dietary source of bioavailable min-
erals and trace elements, in particular iron and zinc. Iron
plays a major role as an oxygen carrier in haemoglobin
in blood, or myoglobin in muscle, and it is also required
for many metabolic processes. Dietary iron exists in two
forms, haem and non-haem iron, with haem iron being
more readily absorbed and utilised by the body. Most of
the iron present in meat is in the haem form. Approxi-
mately 20–30% of haem iron is absorbed in the intes-
tine, compared with only 7% of non-haem iron (BNF
1995b). In terms of the overall diet, meat and meat
products provide 17% of total dietary iron intake in the
UK (Henderson et al. 2003b) and up to 22% in New
Zealand (Russell et al. 1999).

Iron deficiency is a worldwide problem, even in devel-
oped countries. For example, in New Zealand 45% of
teenage girls and 42% of women aged 25–44 years are
not achieving recommended iron intakes. In the UK,
25% of women (aged 19–64 years) are not reaching the
lower reference nutrient intake (LRNI – the amount of
nutrient that is sufficient to meet the needs of only 3%
of the population) (Henderson et al. 2003b). A number
of studies have confirmed the positive effect of including
meat in the diet, on intakes of dietary iron. For example,



330 C. S. Williamson et al.

© 2005 British Nutrition Foundation Nutrition Bulletin, 30, 323–355

a study by Gibson & Ashwell (2003) found an increased
risk of low iron intake (below the UK LRNI) in those
who ate the least meat and processed meat (≤90 g per
day), compared with high consumers (≥140 g per day).
Other studies have found similar positive effects among
different population groups, such as children (Nathan
et al. 1996) and older men (Wells et al. 2003). However,
this type of investigation is particularly difficult for a
variety of reasons. For example, the iron content of the
same type of meat may vary, this variation being due to
the age of the animal at the time of slaughter, the diet of
the animal and husbandry practices. The bioavailability
of iron from a food is also of utmost importance, and
can be influenced by other dietary factors, particularly
in the case of non-haem iron (Hambraeus 1999). For
example, phytate is recognised to inhibit the bioavail-
ability of non-haem iron, and ascorbic acid enhances the
bioavailability. Small amounts of meat, as it is one of the
few foods that contribute to haem iron intake, are also
recognised to enhance the absorption of non-haem iron
from plant foods; it is understood that this is the effect
of an active component in meat referred to as ‘meat
factor’.

Zinc is primarily associated with the activity of a wide
variety of enzymes. Meat contains substantial amounts
of zinc, and can be classified as a source of zinc, in line
with EU regulations (BNF 2002). Importantly, the zinc
contained in meat is present in a highly bioavailable
form. In Ireland, meat and meat products provide
approximately 41% of total zinc intake (Cosgrove
2005a). Although the contribution that meat makes to
intakes of zinc is slightly lower in other countries, con-
tributing 17% of zinc intake in France, and 31–34% of
zinc intake in Denmark, UK and New Zealand (Russell
et al. 1999; Credoc 2003; Henderson et al. 2003b; Dan-
ish Institute for Food and Veterinary Research 2005a).
It is, therefore, not surprising that in a small-scale obser-
vational study (n = 50), zinc intake was significantly
lower among female vegetarians, compared with meat-
eaters (Ball & Ackland 2000). Similar findings were
recorded in a large UK cohort study (Davey et al. 2003).
Zinc intake among adult meat-eaters in this study was
above the RNI level, in line with findings from the most
recent UK National Diet and Nutrition Survey (Hend-
erson et al. 2003b). However, there are some concerns
regarding low intakes of zinc among some subgroups of
the UK population. For example, in the most recent
dietary survey of young people, 10% of girls and 5% of
boys aged 7–10 years had zinc intakes below the LRNI.
A low intake of zinc is also recognised as a problem
among adolescents in the UK, with zinc intakes below
the LRNI for 10% of girls aged 15–18 years (Gregory

et al. 2000). Older adults have also been found to be at
risk of low zinc intakes. In the most recent UK dietary
survey of older adults, 15% of men and 10% of women
aged 85 and over had an intake of zinc below the LRNI
(Finch et al. 1998). As with dietary iron, a number of
factors affect the bioavailability and absorption of
dietary zinc, including the composition of the diet. For
example, a small amount of lean beef (75 g per day) has
been found to enhance iron and zinc utilisation in young
women (Johnson & Walker 1992), whereas phytate is a
well know inhibitor of zinc bioavailability.

Meat and meat products also contain useful amounts
of magnesium, copper, cobalt, phosphorus, chromium
and nickel. In particular, red meat usefully contains sele-
nium, although the concentration will depend on the
diet of the livestock and the soil in which the animal feed
was grown. In New Zealand, meat (including chicken)
and meat products contribute 23% of selenium intake.
Similarly in Denmark, red meat contributes 21% of
intake (Russell et al. 1999; Danish Institute for Food
and Veterinary Research 2005a). The proportion of
selenium that meat contributes to the diet has not been
measured in the UK since 1997 (when it contributed
23% of dietary intake). However, it is recognised that
intakes of selenium in the UK have been decreasing over
the past 20 years, as European wheat has replaced sele-
nium-rich wheat from Canada and the USA and there-
fore meat may now contribute a larger proportion of
selenium in the diet (BNF 2001; SACN 2005b). Low
intakes of selenium have also been reported in France
and Germany (SACN 2005b).

Processed meats and meat products that contain
lower amounts of lean meat are likely to have a lower
micronutrient content per 100 g, but may provide other
nutrients not usually found in meat (e.g. carbohydrate
and fibre). Also, the addition of some ingredients (e.g.
soy, fibre) can be used to add functional properties to
meat products that could offer potential benefits for
health (Fernandez-Gines et al. 2005). It should be noted
that the composition of different processed meats varies
widely between countries. Overall, meat products and
processed meats are more likely to have a higher content
of sodium than lean meat. Sodium is added to meat
products to enhance and modify the flavour, the physical
properties and sensory attributes of the food, and to
contribute to the preservation of the product (Matthews
& Strong 2005). Owing to the adverse health effects
associated with a high intake of sodium (see Cardiovas-
cular disease section), work is underway within the UK
to reduce the amount of salt in processed meat products
and, in particular, products that contain the highest lev-
els of sodium (Matthews & Strong 2005).
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Summary

Meat and meat products can make an important con-
tribution to nutrient intakes in the diet. They provide a
number of essential nutrients, including protein, long-
chain n-3 fatty acids, iron, zinc, selenium, vitamin D and
vitamin B12. In particular, some of these nutrients are
more bioavailable in meat than alternative food sources,
and intake is also recognised to be below recommenda-
tions for some population subgroups across Europe and
in other developed countries.

Dietary and lifestyle factors associated with 
red meat consumption

There are relatively few large-scale studies that have
looked at the dietary and lifestyle habits of meat-eaters
compared with other dietary groups, such as vegetari-
ans. However, this topic has recently been examined in
two large UK cohorts: the EPIC-Oxford cohort (Davey
et al. 2003) and the UK Women’s Cohort Study (Cade
et al. 2004).

The EPIC-Oxford (UK) study

The EPIC-Oxford study comprises a large cohort of
33 883 meat-eaters and 31 546 non meat-eaters. The
participants were divided into four dietary groups:
meat-eaters, fish-eaters, lacto-ovo-vegetarians and veg-
ans, which were then compared for differences in nutri-
ent intake and other lifestyle factors (Davey et al.
2003). The cohort comprises 22% men and 78%
women within the age range 20–97 years (median age
of 46 for men, 43 for women). Meat-eaters had the
highest median age, followed by fish-eaters, then vege-
tarians and finally vegans (this pattern was found in
both men and women). The difference in age between
dietary groups may also partly explain some of the
other differences in diet and lifestyle observed (see
below).

With regard to other lifestyle characteristics, such as
smoking, this was found to be a fairly health-conscious
cohort, with 56% of men and 65% of women having
never smoked; however, a smaller proportion of meat-
eaters (51% of men and 63% of women) had never
smoked compared with the other dietary groups. Age-
adjusted mean body mass index (BMI) was found to be
significantly different between the four groups. Meat-
eaters had the highest mean BMI (24.9 kg/m2 in men
and 24.3 kg/m2 in women) and vegans had the lowest
mean BMI (22.5 kg/m2 in men and 21.9 kg/m2 in

women) across all age groups, for both men and
women, while fish-eaters and vegetarians had a similar,
intermediate BMI.

As expected, large variations in nutrient intakes were
found between the dietary groups. The nutrient intakes
of meat-eaters tended to differ most markedly from veg-
ans, with fish-eaters and vegetarians tending to fall in-
between. These patterns were similar for both men and
women (Davey et al. 2003). Table 5 summarises the
main differences in nutrient intakes between the dietary
groups (data shown for men only). Overall, mean
energy intake was found to be 14% higher in meat-
eaters than vegans, with fish-eaters and vegetarians
having an energy intake in-between the other groups.
Carbohydrate was found to provide approximately
50% of energy in both men and women, with mean
intakes highest in vegans and lowest in meat-eaters.
Conversely, mean protein intake was found to be high-
est in meat-eaters and lowest in vegans. Mean total fat
intake was also highest in meat-eaters and lowest in veg-
ans, although the differences between groups were
small. The SFA intake (% energy) of meat-eaters was
found to be more than twice that of vegans. On the
other hand, vegans had a higher PUFA intake than meat-
eaters, again with the other groups in-between.

Mean fibre intakes were substantially higher in veg-
ans than meat-eaters (41% higher in vegan men and
36% higher in vegan women). Fibre intakes in fish-
eaters and vegetarians were similar, with intermediate
values. With regard to vitamin intake, meat-eaters were
found to have the lowest intakes of thiamin, folate,
vitamins C and E, but the highest intakes of retinol,
vitamin B12 and vitamin D. Meat-eaters were also found
to have the highest intake of zinc, but the lowest intake
of magnesium. Intakes of iron were found to be similar
across all diet groups, but with the highest intake in
vegans. However, it is important to consider that the
bioavailability of iron from plant sources (non-haem
iron) is much lower than that from animal sources
(haem iron).

There may have been some degree of under-reporting
of energy and nutrient intake, however, owing to the
methodology used for measuring dietary intake [food
frequency questionnaire (FFQ) with standard portion
sizes] and this may partly explain the lower energy
intake observed in vegetarians and vegans compared
with meat-eaters. Non-meat-eaters may eat larger por-
tions of staple foods, such as bread and potatoes, which
would not have been taken into account using standard
portion sizes. Data on the use of supplements were not
incorporated into this analysis, however, 45% of men
and 61% of women in this cohort reported taking
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dietary supplements, and this would clearly have an
impact on nutrient intakes.

The UK Women’s Cohort Study

The UK Women’s Cohort Study (UKWCS) comprises a
total of 35 372 women aged 35–69 years at recruitment
who were selected to ensure a wide range of dietary
intakes, in order to optimise exposure to dietary factors
of interest. The cohort was divided into four dietary
groups, defined as follows (Cade et al. 2004):

Meat-eaters – eat meat once per week or more.
Oily fish-eaters – eat oily fish 2–4 times per week and

meat less than once per week.

Other fish-eaters – eat fish once per week or more and
meat less than once per week (and eat oily fish less than
2–4 times per week).

Vegetarians – eat meat or fish less than once per week
(includes vegans).

Table 6 shows the baseline characteristics of the
cohort by diet group. This cohort was not representative
of the British middle-aged female population, with the
majority of the cohort being white, middle-class and
generally well-educated. They were also found to be
fairly health-conscious with only 11% of the cohort
being current smokers (8% smoking daily) and 58%
taking dietary supplements.

Overall, meat consumption (red meat and poultry) in

Table 5 Mean daily nutrient intakes by diet group for men from the EPIC-Oxford study (Davey et al. 2003)

Meat-eaters
n = 6951

Fish-eaters
n = 1500

Vegetarians
n = 3748

Vegans
n = 770

All
n = 12 969

Energy (MJ) 9.18 8.9 8.78 8.01 8.96
% energy from carbohydrate 46.9 49.8 51.2 54.9 49.0
% energy from protein 16.0 13.9 13.1 12.9 14.7
% energy from fat 31.9 31.1 31.1 28.2 31.4
% energy from SFA 10.7 9.36 9.37 4.99 9.8
% energy from PUFA 5.21 5.64 5.67 7.53 5.53
Fibre (NSP) (g) 18.7 22.1 22.7 27.7 20.8
Retinol (µg) 740.0 337.0 306.0 74.2 529.0
Thiamin (mg) 1.69 1.8 1.9 2.29 1.8
Vitamin B12 (µg) 7.25 5.01 2.57 0.41 5.23
Folate (µg) 329.0 358.0 367.0 431.0 350.0
Vitamin C (mg) 119.0 130.0 123.0 155.0 125.0
Vitamin D (µg) 3.39 2.9 1.56 0.88 2.66
Vitamin E (mg) 11.8 13.0 13.7 16.1 12.8
Calcium (mg) 1057.0 1081.0 1087.0 610.0 1042.0
Magnesium (mg) 366.0 396.0 396.0 440.0 382.0
Iron (mg) 13.4 14.0 13.9 15.3 13.8
Zinc (mg) 9.78 8.59 8.44 7.99 9.15

NSP, Non-starch polysaccharides; EPIC, European Prospective Investigation into Cancer and Nutrition; SFA, saturated fatty acids; PUFA, polyunsaturated fatty acids.

Table 6 Characteristics of the UKWCS cohort by diet group (Cade et al. 2004)

Meat-eaters
(n = 24 738)

Oily fish-eaters
(n = 870)

Other fish-eaters
(n = 3286)

Vegetarians
(n = 6478)

Total sample
(n = 35 372)

Mean age (years) 54 51 50 49 52
Mean BMI (kg/m2) 25.0 23.2 23.3 23.3 24.5
Educated to degree level (%) 23 32 37 37 27
Smokes daily (%) 9 6 7 7 8
Full-fat milk (%) 13 6 10 10 12
Supplements (%) 55 73 67 62 58

BMI, body mass index; UKWCS, UK Women’s Cohort Study.
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the total cohort was found to be lower than in the gen-
eral population, at a mean of 5 portions per week. The
meat-eaters were slightly older, had a higher BMI, were
less likely to have a degree and were more likely to
smoke daily than the other dietary groups. Meat-eaters
were also found to have more self-reported illness than
the other groups, they were also more likely to use full-
fat (whole) milk, but less likely to take dietary supple-
ments than the other groups. All differences found were
statistically significant, due to the large sample size
(Cade et al. 2004).

Meat-eaters reported consuming the lowest number
of servings of fruit or fruit dishes (10 per week) and veg-
etables or vegetable dishes (11 per week) compared with
the other diet groups. With regard to nutrient intakes,
the patterns found were similar to those observed in the
EPIC-Oxford cohort (Davey et al. 2003). Although, in
this case, the oily fish-eaters were found to have the
highest total energy intakes, and the vegetarians the
lowest, resulting in higher nutrient intakes in the oily
fish group. Meat-eaters had the highest percentage of
energy from protein and fat, as was the case for the
EPIC-Oxford cohort, whereas the vegetarians had the
highest percentage of energy from carbohydrate. Meat-
eaters were also found to have the lowest intakes of car-
bohydrate, fibre, vitamin C, folate, calcium and iron,
but the highest intakes of vitamin A and zinc, compared
with all other groups.

One further study, which has examined differences in
dietary patterns between high and low consumers of
meat, is a Swedish Cohort Study of 11 648 subjects
from the city of Malmo in Sweden (Elmstahl et al.
1999). Food and nutrient intake was assessed in this
group using a combination of a 7-day menu book and
an FFQ. Increasing red meat intake (adjusted for energy)
was found to be associated with decreasing intake of
fish, poultry, fruit, bread, cereals and cheese in both men
and women. Meat intake was also found to be nega-
tively correlated with vitamin C and fibre intake. The
authors concluded that meat consumption was nega-
tively associated with intake of food groups that are rich
in antioxidants and fibre, and that the positive associa-
tions found between meat intake and certain types of
cancer may be more related to this association than to
components in meat per se (Elmstahl et al. 1999).

Summary

This small group of cohort studies (with large sample
sizes) has highlighted some distinct differences in the
diet and lifestyle characteristics of meat-eaters, com-
pared with other dietary groups. In particular, meat-

eaters seem to be generally older, have a higher BMI
(which may be linked) and are more likely to smoke
compared with non meat-eaters. As might be expected,
nutrient intakes were found to differ between meat-
eaters and other dietary groups. Meat-eaters were found
to have higher protein, total fat and SFA intakes and
lower carbohydrate and fibre intakes than non meat-eat-
ers, and their consumption of fruit and vegetables was
also lower. Marked differences in micronutrient intakes
were also found.

However, it is noteworthy that these cohort studies do
not differentiate between consumers of unprocessed and
processed meat. A recent cross-sectional study of Irish
adults indicates that it is important to distinguish
between meat groups as there is a large variation in
dietary quality between consumers of red meat, white
meat and processed meat. For example, increasing pro-
cessed meat intake has been found to be associated with
a lower intake of wholemeal bread, fruit and vegetable
and fish intake and poorer overall dietary quality (see
Cosgrove et al. 2005b).

The variation in diet and lifestyle characteristics
between meat-eaters and non meat-eaters may have
important implications for associations between meat
consumption and health and disease, which are dis-
cussed in the following section. However, vegetarians
represent only a small minority of the population, for
example in the UK it is estimated that around 3–7% of
the population are vegetarian (Phillips 2005).
Furthermore, the mortality rates of vegetarians are
similar to those of comparable non-vegetarians, suggest-
ing that much of this benefit may be attributed to non-
dietary factors, such as lower prevalence of smoking or
to other aspects of the diet other than the avoidance of
meat and fish, e.g. higher intake of fruit and vegetables
(Appleby et al. 2002).

Health aspects of red meat

Epidemiological studies

Nutritional epidemiology provides a means for identi-
fying relationships between dietary factors and health in
human populations consuming usual amounts of foods
and nutrients. The main purpose is to identify potential
causes of disease so that these can be modified in order
to reduce the burden of disease. For a dietary factor to
be the cause of ill-health, it must be demonstrated to
occur before the onset of illness and its effect must not
be due to chance, or some other confounding factor.
Causality can only be tested in a carefully controlled
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experiment, however, where the exposure is changed
and all other factors are held constant. A clinical trial or
randomised controlled trial (RCT) attempts to do this.
This type of approach is not always possible though and
most studies are observational – where there is no inter-
vention but researchers assess differences in the expo-
sure and outcome of interest to see whether a
relationship exists. Although such studies cannot pro-
vide evidence of causality, they can be used to identify
dietary factors that may be involved in the onset of
disease.

There are four main types of observational study:
ecological, cross-sectional, case-control and cohort (or
prospective) studies. Each of these different types of
studies has its limitations, but there is an accepted
hierarchy of evidence (ecological < cross-sectional <
case-control < cohort). Ecological studies compare pat-
terns of disease in different populations with very dif-
ferent diets (such as different countries) but the problem
with these types of studies is that there are many more
potential determinants of disease other than the dietary
factor under consideration, which may vary in pre-
valence in different parts of the world. In cross-sectional
studies of individuals, both the dietary factor and
disease, or risk of disease, are measured at the same
time, which means it is not possible to assess whether
any difference in diet occurred before, or as a conse-
quence of, the disease. Case-control studies compare
past dietary exposure to a particular dietary factor
between groups of individuals with and without the dis-
ease outcome. The problem with these types of studies is
that they are susceptible to recall and selection biases, in
that people with the disease may recall their diet differ-
ently from healthy individuals. Cohort studies do not
have this problem and therefore their findings are con-
sidered to be more reliable, however, these studies take
a long time and are expensive to carry out. For this rea-
son, cohort studies often rely on surrogate markers of a
disease, e.g. cholesterol levels as a marker of heart
disease risk.

Dietary data collection is another challenging aspect
of nutritional epidemiology – accuracy in measurement
of food and nutrient intake is particularly important in
order to detect true associations. The more detailed
method of using a 7-day food diary is considered to be
more accurate than using an FFQ to assess dietary
intake (see Bingham et al. 1994). Most prospective stud-
ies use FFQs to assess dietary intake as it would not be
practical to use a more detailed method on a large
cohorts of participants. However, it is recognised that all
measures of diet have sources of bias (see Winkler
2005).

Cancer

Over the past 30 years, many studies have been pub-
lished looking at associations between dietary factors
and cancer incidence. The earlier studies mainly used a
case-control design, while more recent studies have
used a prospective cohort design. Very few intervention
trials have been carried out looking at diet and cancer,
mainly for methodological reasons, as people would
have to be followed for very long periods of time and
therefore compliance with any dietary intervention is
likely to be low. It would also be unethical to ask par-
ticipants to follow a diet that is hypothesised to lead to
an increased risk of cancer. A small number of RCTs
have looked at fibre, fruit and vegetable and fat intake
in relation to the recurrence of colorectal adenomas
(e.g. Schatzkin et al. 2000). This section has therefore
focused on the evidence from recent prospective cohort
studies.

Devising and implementing cohort studies to identify
associations between diet and cancer is a complex and
difficult process. Incidence rates for even common can-
cers are low, so cohort studies need very large sample
sizes. Genetic factors also contribute to cancer risk and
to identify the interaction between genetics and cancer,
even larger cohorts are required (at least 100 000 peo-
ple). At least 1000 cases of a particular cancer are
needed to accurately identify the combined effect of rel-
atively common risk factors, e.g. gene variant and life-
style factors.

Most of the published literature on meat in relation to
cancer development has focused on colorectal cancer
(CRC). There have been some studies investigating pos-
sible associations between meat and other types of can-
cer, including gastric, breast, prostate and kidney
cancers and cancer of the pancreas, however, the evi-
dence in relation to these other types of cancer has been
found to be weak or inconsistent (Department of
Health, UK 1998; Key et al. 2004). This paper will
therefore concentrate on the evidence in relation to meat
and CRC risk.

CRC incidence

CRC is the third most common cancer in the world. In
2002, CRC was estimated to account for over a million
new cancer cases worldwide (9.4% of all cancer cases)
(Ferlay et al. 2004). Genetic changes associated with
CRC are well established and inherited mutations in key
genes are considered to be responsible for about 20% of
cases. The remaining 80% of cases are sporadic (i.e.
arise spontaneously) and appear to be influenced by
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environmental and lifestyle factors, such as diet and
physical activity level. This is also supported by the find-
ings of epidemiological studies (see below).

Incidence rates for CRC are approximately 10-fold
higher in developed compared with developing coun-
tries (Ferlay et al. 2004). Changes in incidence rates
have also been noted in populations over time. CRC was
very rare in Japan in the 1960s; however, there has been
an almost five-fold increase in CRC in Japanese men
over the past 30 years, and incidence in Japanese men
aged 55–60 is now twice that of men in the UK. This
cannot all be attributable to genetic effects as there can-
not have been such a rapid change in the Japanese gene
pool over such a short period of time. Environmental
factors such as diet therefore must play a part (Bingham
& Riboli 2004).

Diet-related risk factors for CRC

It has been suggested that the contribution of diet to
CRC incidence could be as much as 80% (Willett 1995).
If this is the case, it means that the majority of CRC
cases may be preventable. Few specific diet-related fac-
tors have been shown unequivocally to contribute to the
pathogenesis of CRC. However, there is a general con-
sensus that some aspects of the Western diet increase the
risk of CRC, owing to the large variation in incidence
between developed and developing countries (WHO
2003). Table 7 shows diet-related risk factors for which
there is evidence of an association with CRC risk. Also,
it has been shown that risk factors tend to cluster, so
individuals who are obese will often be physically inac-
tive, smoke and consume low levels of fruit and vegeta-
bles and high levels of meat (Potter 1999).

There is some evidence that several other diet-related
factors may be associated with a reduced risk of CRC,
including dietary fibre, folate, calcium and vitamin D.
Evidence in relation to folate, calcium and vitamin D

intake has not been firmly established, however, recent
findings from the EPIC study have shown dietary fibre
to be inversely related to CRC incidence (Bingham et al.
2003). Further detail on the EPIC study is given later in
this section.

Meat and CRC

There has been a great deal of scientific interest in the
association between red and processed meat intake and
CRC over recent years, which has generated a number
of reviews, including two large reports, one from the
World Cancer Research Fund (WCRF) and another
from the UK Committee on Medical Aspects of Food
and Nutrition Policy (COMA). Both panels agreed that
the results of epidemiological studies were not consis-
tent. The conclusion of the WCRF (1997) report was
that ‘The evidence shows that red meat probably
increases risk and processed meat possibly increases risk
of colorectal cancer’. A new analysis from the WCRF is
expected in 2006/7.

The COMA report (Department of Health, UK 1998)
concluded that ‘there is moderately consistent evidence
from cohort studies of a positive association between
the consumption of red or processed meat and risk of
colorectal cancer’. This report recommended that the
current, average level of red and processed meat intake
in the UK should not increase. Those with high levels of
intake (>140 g per day) were recommended to reduce
their consumption.

In the UK, the incidence of CRC has increased sub-
stantially over the past 35 years, yet red meat intake has
declined by around 25% over the same period. A similar
pattern has been seen in other European countries, such
as Norway, where the risk of CRC has increased by
50% over the same period (Hill 2002).

Table 8 shows the mean daily intake of different types
of meat for 10 European countries from the EPIC study
(women only shown) together with CRC incidence for
each country. Meat consumption in the UK was found
to be less than in many Mediterranean countries, such as
Spain and Italy, and yet CRC incidence is higher in the
UK than several southern European countries.

Table 9 is a summary of the main cohort studies car-
ried out up to the year 2000 looking at meat consump-
tion in relation to CRC risk (14 studies in total). These
studies form the basis of two recent meta-analyses car-
ried out by Sandhu et al. (2001) and Norat et al.
(2002).

Sandhu et al. (2001) included in their review both
published and unpublished prospective cohort studies

Table 7 Diet-related risk factors for CRC (from Key et al. 2004)

Diet-related risk factor Level of evidence

Overweight/obesity Increases risk (best established diet-related
risk factor)

Physical activity Consistent association with reduced risk
Fruit and vegetables Probably decreases risk
Red and processed meat Probably increases risk
Alcohol Probably contributes to a small increase

in risk

CRC, colorectal cancer.
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that showed risk estimates for CRC associated with
meat consumption. The definition of meat included
lamb, beef and pork (some of the studies also included
white meat, but where possible, inclusion of this was
avoided) and processed meat included sausages, burg-
ers, ham, bacon and other meat products. Studies that
only classified people according to whether or not they
ate meat were excluded, as the level of exposure in those
who ate meat could not be quantified. Thirteen studies
were found to be eligible for inclusion in the meta-
analysis.

Pooled results showed that a daily increase of 100 g
in total or red meat intake (i.e. a substantial increase,
see Table 8) was associated with a significant increase in
CRC risk of 12–17%. In the case of processed meat, a
daily increase of 25 g was associated with a significant
49% increased risk. Therefore, the review found an
overall positive association between meat consumption
and CRC risk, although there was marginally significant
heterogeneity between studies (this could undermine the
conclusions, if it were more significant). Evidence of
publication bias among these studies was also found,
i.e. there may be further studies that failed to find an
effect that were not published. The review also suggests
that processed meat intake may be a risk factor for
CRC. However, the authors point out that only a few of
the studies reviewed investigated the independent effect
of meat intake and therefore the possibility that the
overall association may be confounded or modified by
other variables cannot be excluded (Sandhu et al.
2001).

The following year, Norat et al. (2002) published a
meta-analysis of both case-control and cohort studies

published between 1973 and 1999 which showed high
intakes of both red and processed meat to be associated
with an increased risk of CRC. Total meat intake (i.e.
inclusive of poultry) was not found to be associated with
increased risk. The review calculated a significant mean
35% increase in risk of CRC for the highest vs. the low-
est level of red meat consumption. Additionally, the
review calculated a significant mean 31% increase in
risk for the highest vs. the lowest level of processed meat
intake. A dose–response meta-analysis of relative risk
was also carried out, which found the strongest associ-
ation to be for processed meat. Consumption of 120 g
per day of red meat (compared with no consumption)
was estimated to be associated with a 24% increase in
risk, while consumption of 30 g per day of processed
meat (compared with no consumption) was estimated to
lead to a 36% increase in risk of CRC (Norat et al.
2002).

Average intakes of red and processed meat in a num-
ber of European countries are shown in Table 1. For
example, in Denmark men consume an average of
69.6 g of red meat and 51.9 g of processed meat per day
(Linseisen et al. 2002). The authors are also careful to
point out, however, that their estimates are based on a
single dietary risk factor, and that individual dietary fac-
tors may not contribute independently to increased risk.
Other factors, such as fruit, vegetable and fibre intake
and physical activity are also important and risk of can-
cer may be more effectively reduced by tackling all diet-
related and lifestyle risk factors together (Norat et al.
2002).

Some researchers have questioned the link between
meat intake and CRC risk. Truswell (2002) reviewed 30

Table 8 Variation in meat consumption and CRC incidence across 10 EPIC countries

Mean daily intake (g/day) CRC incidence (ASR)

All meat Red meat Poultry Sausages Other processed

Denmark 88.3 44.1 16.8 15.6 9.8 19.2
Norway 88.6 28.5 10.6 22.9 23.6 16.8
Germany 84.3 28.6 13.0 29.4 11.5 15.7
the Netherlands 92.7 41.0 12.4 16.4 21.5 14.4
UK 72.3 24.6 24.0 9.3 13.0 12.4
France 106.0 44.4 21.8 12.2 17.8 11.8
Spain 99.2 37.8 24.4 13.1 16.5 11.3
Sweden 92.3 32.3 9.3 21.3 22.0 11.1
Italy 86.1 40.8 20.2 9.52 10.1 10.9
Greece 47.1 25.5 11.8 3.1 2.8 8.0

Data shown taken from EPIC calibration study (women only). Data adjusted for age, day of the week, season (Linseisen et al. 2002). CRC Incidence reported
as age standardised (world) rate (ASR) per 100 000 (Ferlay et al. 2004).
CRC, colorectal cancer; EPIC, European Prospective Investigation into Cancer and Nutrition.
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case-control studies from 16 different countries pub-
lished up to 1999 and highlighted the fact that 20 of
these showed no significant association between red
meat intake and CRC risk, while four showed a clear
association and six showed an association in only some

subgroups. Moreover, out of 15 cohort studies
reviewed, significant associations between red meat
intake and CRC risk were only found in three (Truswell
2002). The lack of significant associations may be
attributable to small sample sizes, however, which can

Table 9 Meat consumption and CRC: cohort studies (adapted from Sandhu et al. 2001 and Norat et al. 2002)

Author (year
published)

Country/cohort
details No. in cohort

No. of
cases
CRC Type of meat Partition

Relative risk
(highest vs.
lowest intake)

Signifi-
cance Adjustments

Phillips & Snowdon
(1985)

Seventh-Day
Adventist, 
USA

25 439 172 All meat Freq./week 0.9 NS Age, gender

Hirayama (1990) Japan 265 113 725 All meat Daily/occasional/
rare/none

Only reported
by subsite

N/A

Willett et al.
(1990)

Nurses’ Health
Study, USA

88 751 150 Red meat

Processed
meat

Freq. per
week/month

Freq. per
week/month

2.49

1.21

Sig.

NS

Age, energy intake

Thun et al. (1992) Cancer Prevention
Study, USA

5 746 1150 Red meat g/day Males 1.21
Females 1.05

NS
NS

None

Giovannucci et al.
(1994)

Health Professionals
Follow-up Study,
USA,

47 949 205 Red meat

Processed
meat

g/day

Freq. per
week/month

1.71

1.16

Sig.

NS

Age, BMI, energy intake
alcohol, smoking,
physical activity, family
history, others

Goldbohm et al.
(1994)

Netherlands 3 123 293 All meat

Processed meat

g/day

g/day

0.84

1.72

NS

Sig.

Age, gender, total energy,
other types of meat

Bostick et al.
(1994)

Iowa Women’s
Health Study, USA

35 215 212 Red meat

Processed
meat

Servings/week

Servings/week

1.04

1.51

NS

NS

Age, gender, total energy,
other foods, others

Gaard et al. (1996) Norway 55 535 143 All meat Meals/week Males 0.8
Females 1.87

NS
NS

Age

Kato et al. (1997) NYU Women’s
Health Study, USA

14 727 100 Red meat

Ham & sausages

1.23

1.09

NS

NS

Age, total energy,
education, others

Singh & Fraser
(1998)

Adventist Health
Study, USA

32 051 179 All meat

Red meat

Freq./week

Freq./week

1.85

1.41

Sig.

NS

BMI, alcohol, smoking,
physical activity,
family history

Chen et al. (1998) Physicians’ Health
Study, USA

Nested case-
control

212 CRC cases:
221 controls

212 Red meat Servings/day 1.17 NS

Hsing et al. (1998) Lutheran
Brotherhood
Cohort, USA

13 606 145 Red meat Freq./month 1.9 NS Age, total energy,
smoking, alcohol

Knekt et al. (1999) Finland 9 990 73 Cured meat 1.84 NS
Pietinen et al.

(1999)
ATBC Prevention

Study, Finland
27 111 185 Red meat

Processed meat
g/day
g/day

1.1
1.2

NS
NS

Age, BMI, alcohol,
smoking, physical
activity,
education, others

Note that the significance relates to the highest vs. the lowest level of intake. In some cases, there was a significant P-value for trend.
NS, not significant; Sig., significant; Freq., frequency; BMI, body mass index; CRC, colorectal cancer.
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be overcome by carrying out a meta-analysis (e.g. Norat
et al. 2002).

Truswell highlights the pooled analysis of cohort
studies carried out by Key et al. (1998) showing that in
five groups of vegetarians vs. socially matched controls
(from three different countries), no difference in mortal-
ity rates from CRC was found between vegetarians and
non-vegetarians (Truswell 2002). However, there were
no quantitative estimates of the amounts of meat con-
sumed by omnivores in these cohort studies (Bingham
1999).

Hill (2002) suggests the following explanation for
these apparently contradictory findings. In the large pro-
spective study carried out by Hirayama (1990), dietary
data were collected at recruitment and regular follow-up
stages, and therefore a large amount of dietary informa-
tion was gathered. The data were stratified into four
intake groups for meat (daily, often, sometimes and
never consumed) and similarly analysed for vegetable
intake. Daily meat consumers were found to have a
much higher incidence of CRC than those who never
consumed meat, with the other two groups intermedi-
ate. But simply looking at meat hides more complex
relationships. For those individuals who never ate veg-
etables, meat intake was positively associated with
CRC, however, for those who consumed green-yellow
vegetables daily, there was an inverse association
between meat intake and CRC risk. This suggests that
meat intake may only be a risk factor in those who do
not eat sufficient amounts of foods that are considered
to be protective (Hill 2002).

Further support for this hypothesis comes from a pro-
spective study carried out in America with a cohort of
the Adventist Health Study (Singh & Fraser 1998).
Singh and colleagues found that individuals with a high
meat intake, a low intake of legumes (pulses) and a high
body mass showed a three-fold increase in risk of colon
cancer, relative to other patterns of these variables.

This may also help explain why many Mediterranean
countries, which have a higher meat intake than the UK
(see Table 8), have lower rates of CRC mortality, since
vegetable and fibre intake tends to be much higher in
Mediterranean countries than in northern European
countries. Moreover, this could also help explain why
meat intake only appears to be a risk factor in the high-
est intake groups (i.e. more than 140 g per day) as this
level of intake could override the effect of protective fac-
tors provided by plant foods in the diet (Hill 2002).

Since the papers by Sandhu et al. (2001) and Norat
et al. (2002), a number of other prospective studies have
been published, the findings of which have been sum-
marised in Table 10. A prospective study of American

women from the Breast Cancer Detection Demonstra-
tion Project (BCDDP) cohort found no significant asso-
ciation between red or processed meat intake and CRC
incidence (Flood et al. 2003). But in a combined analy-
sis of data from the Nurses’ Health Study and the
Health Professionals Follow-up Study, intake of beef,
pork or lamb as a main dish, as well as processed meat
intake were found to be significantly associated with
colon cancer (but not rectal cancer) risk (Wei et al.
2003). A study published the following year in a cohort
of Australians (The Melbourne Collaborative Cohort
Study) found both fresh red meat and processed meat to
be significantly associated with an increased risk of
CRC; when data were analysed by cancer subsite, most
of this association was found to be with rectal cancer
(English et al. 2004). In a study of Swedish women (The
Swedish Mammography Cohort), red meat was found
to increase the risk of CRC, while no association was
reported for processed meat intake. Again, data were
analysed by cancer subsite, which showed red meat to
be significantly associated with an increased risk of can-
cer of the distal colon (Larsson et al. 2004).

More recently, Chao et al. (2005) published a paper
looking at the effect of long-term meat consumption on
the risk of incident colon and rectal cancers in a large
cohort of adults living in America. Information on diet
was collected using a questionnaire in 1982 and again
using a validated FFQ in 1992/3. Red and processed
meat consumption reported in 1992/3 was not shown to
be significantly associated with CRC risk, in a model
adjusting for age, lifestyle factors, energy intake and
other dietary factors (see Table 10) (Chao et al. 2005).

The most recent paper to be published in this area is
from the EPIC study (Norat et al. 2005). EPIC is the
largest prospective study ever undertaken to investigate
the relationship between diet and cancer, with 520 000
participants taking part from 10 European countries.
This is sufficient size to investigate even the rarest can-
cers and provides enough statistical power to investigate
any interactions, for example with genetic polymor-
phisms. This size of EPIC also enables between-person
variability in food habits to be considered. Measure-
ment error is further minimised by correcting results
using more detailed dietary estimates from a subsample
of the cohort (Bingham & Riboli 2004).

Sufficient cancer cases have now accumulated to look
for links between diet and CRC. The recent EPIC paper
looked at the relationship between red and processed
meat, poultry and fish intake and CRC incidence. Pro-
cessed meat was shown to be significantly associated
with an increased risk of CRC, with higher intakes being
associated with increasing incidence. The hazard ratio
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(HR) for the highest (>80 g per day) vs. the lowest
(<10 g per day) level of processed meat intake was
found to be 1.42 (95% CI: 1.09–1.86). Red meat intake
was also found to be positively, but not significantly,
associated with CRC incidence (see Table 10). When red
and processed meat were analysed together, intake was
shown to be significantly associated with CRC risk. The
HR for the highest (>160 g per day) vs. the lowest
(<20 g per day) level of red and processed meat intake
was found to be 1.57 (95% CI: 1.13–2.17), although
this association was no longer significant after adjust-
ment for other covariates (HR = 1.35, 95% CI: 0.96–
1.88). No association was found with intake of poultry,
while fish was found to have a protective effect (Norat
et al. 2005).

Previous EPIC data have found dietary fibre intake to
be significantly and inversely associated with CRC and
colon cancer incidence (but not rectal cancer). It has
been demonstrated that, in populations with a low aver-
age intake of fibre, an approximate doubling of fibre
intake (to 35 g per day) is associated with a 40% reduc-

tion in CRC risk (Bingham et al. 2003). These results
have subsequently been confirmed in a more recent anal-
ysis with a larger number of cases (Bingham 2005).

The recent EPIC paper also looked at whether the
increased risk of CRC with high intakes of red and pro-
cessed meat could be partially explained by low fibre
intakes. Those participants with a high intake of red and
processed meat who also had a high (>26 g per day in
women and >28 g per day in men) intake of fibre were
shown to have a lower risk of CRC (HR = 1.09, 95%
CI: 0.83–1.42) than those with a high intake of red and
processed meat and a medium or low (<17 g per day)
intake of fibre (HR = 1.5, 95% CI: 1.15–1.97). In fact,
the risk reduction associated with a high fibre intake
was shown to be similar for all levels of red and pro-
cessed meat intake (Norat et al. 2005). These results
suggest that the increased risk which appears to be asso-
ciated with high intakes of red and processed meat is
attenuated in individuals who include plenty of dietary
fibre from fruit, vegetables and wholegrain cereals in
their diet.

Table 10 Meat consumption and CRC: cohort studies published since 2002

Author (year
published) Country/cohort details

No. in
cohort

No. of
cases
CRC Type of meat Partition

Relative risk 
(highest vs.
lowest intake)

Signifi-
cance Adjustments

Flood et al.
(2003)

Breast Cancer Detection
Demonstration Project
Follow-up Cohort,
USA

45 496 487 All meat

Red meat
Processed meat

g/1000 kcal

g/1000 kcal
g/1000 kcal

1.05

1.1
1.0

NS

NS
NS

Energy intake (other variables
considered but not found
to be confounding)

Wei et al.
(2003)

Nurses’ Health Study and
Health Professionals
Follow-up Study, USA
(combined analysis)

134 365 1478 Beef, pork or lamb
as main dish

Processed meat

Servings/day

Servings/day

Only reported
by subsite

N/A Age, gender, BMI, smoking,
physical activity, family
history, alcohol, folate, 
calcium intake

English et al. 
(2004)

Melbourne Collaborative
Cohort Study, Australia

37 112 452 Fresh red meat
Processed meat

Freq.
Freq.

1.4
1.5

Sig.
Sig.

Age, gender, country of birth,
energy, fat, cereal intake

Larsson et al.
(2004)

Swedish Mammography
Cohort

61 433 619 Red meat

Processed meat

g/day

g/day

1.32

1.07

Sig.

NS

Age, BMI, education, energy,
alcohol, SFA, calcium, folate,
F&V, wholegrain intake

Chao et al.
(2005)

Cancer Prevention Study
II Nutrition Cohort, 
USA

148 610 1667 Red meat

Processed meat

g/week

g/week

1.15

1.13

NS

NS

Age, gender, energy, BMI,
education, smoking, physical
activity, alcohol, F&V, high
fibre foods intake,
multivitamin use

Norat et al.
(2005)

EPIC Study (10
European countries)

478 040 1329 Red meat

Processed meat

g/day

g/day

1.17

1.42

NS

Sig.

Height, weight, energy intake, 
smoking, alcohol, fibre,
folate intake, physical activity,
supplement use

Note that the significance relates to the highest vs. the lowest level of intake. In some cases, there was a significant P-value for trend. 
F&V, fruit and vegetable; NS, not significant; Sig., significant; Freq., frequency; CRC, colorectal cancer; EPIC, European Prospective Investigation into Cancer and
Nutrition; SFA, saturated fatty acid.
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Proposed mechanisms

A number of plausible mechanisms for the association
between red and processed meat intake and CRC inci-
dence have been suggested. However, so far, none of
these potential mechanisms has been definitively estab-
lished (Key et al. 2002).

The most plausible mechanisms identified so far to
explain why red meat intake may be a risk factor for col-
orectal carcinogenesis, involve the meat-related
mutagens heterocyclic amines, polycyclic aromatic
hydrocarbons and N-nitroso compounds (Cross &
Sinha 2004).

Heterocyclic amines (HCAs) are formed from amino
acids, creatine, creatinine and sugars, when food is
cooked at high temperatures, e.g. frying. Several studies
have suggested a link between HCAs and CRC. How-
ever, at normal levels of human intake, it is unlikely that
they could be the sole causative factor. Much higher lev-
els of intake are required to induce cancer in animal
models, although species differences must be taken into
account. Furthermore, chicken is a major contributor to
HCA intake and yet poultry consumption has not been
found to be associated with CRC risk (Norat et al.
2005).

Polycyclic aromatic hydrocarbons (PAHs) are the by-
product of the incomplete oxidation of organic materi-
als. This occurs in food when meat is cooked over a
flame and the juices or fat drip onto the heat source,
which results in the flames containing PAHs that adhere
to the surface of the food. However, the evidence for the
role of PAHs in CRC is weaker than for HCAs (Cross &
Sinha 2004).

Another possible mechanism is via the endogenous
production of N-nitroso compounds (NOCs). NOCs
are potent carcinogens which have been detected in
small amounts in foods, e.g. processed meats containing
nitrite. They can also be formed within the body from
the nitrosation of amines, amides and urea, following
high-protein diets. It was initially suggested that high
red meat diets lead to an increase in the amount of par-
tially digested meat residues available for nitrosation in
the large bowel (Bingham et al. 1996). However, recent
human feeding studies have demonstrated a significant,
dose-dependent increase in the endogenous formation of
NOCs following high red meat diets (Bingham et al.
1996; Hughes et al. 2001) which is not observed when
equivalent amounts of fish, white meat or vegetable pro-
tein are fed (Hughes et al. 2001; Cross et al. 2003). This
suggests that the increase in NOCs measured in the
faeces can be attributed to a specific effect of red meat.

A subsequent study has specifically identified haem iron
as the component in red meat that may be responsible
for the increased levels of endogenous nitrosation (Cross
et al. 2003). However, there are many thousands of
NOCs and not all of them are carcinogenic. More
research is needed to determine whether there is any risk
associated with these NOCs present in faeces.

Gene–nutrient interactions

One question of interest is whether or not an individ-
ual’s risk of cancer, resulting from his or her diet, is
altered by inherited polymorphisms. For example, an
individual who inherits a polymorphism that confers the
fast-acting form of an enzyme that converts a carcino-
gen (e.g. in overcooked meat) into the active form,
would be particularly susceptible to cancer, but only if
he or she also consumes a diet high in red meat (Bing-
ham & Riboli 2004). Some studies have suggested that
individuals with the rapid variant of N-acetyltransferase
2, who also eat a lot of red meat, may be more suscep-
tible to the development of CRC than those with the
slow variant of this enzyme who eat a lot of red meat.
Similarly, individuals inheriting the active forms of the
cytochrome P450 enzyme involved in the activation of
NOCs, are at a 40% increased risk of CRC (Le Marc-
hand et al. 2002). Further data are required to clarify
this association (Key et al. 2002).

It has been suggested that future studies investigating
the link between diet and CRC, or other forms of cancer,
should focus on the genetic polymorphisms that affect
the risk of cancer development. This approach has its
own intrinsic problems, however. Genes can have
numerous polymorphisms and different groups of car-
cinogens can be found in a single food. Also, several
genes may be involved in the regulation of particular
enzymes. All of these factors could have different effects
on the development of a particular type of cancer.
Although cancer is a disease of genes, there is conclusive
evidence that environmental and lifestyle factors are the
predominant cause of somatic gene alterations that lead
to most sporadic cancers. It is therefore unlikely that the
identification of individual genomes can provide the best
estimate of cancer risk, without detailed information on
environmental exposure from large-scale epidemiologi-
cal studies (Bingham & Riboli 2004).

Summary

The two meta-analyses carried out by Sandhu et al.
(2001) and Norat et al. (2002) provide evidence from
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other dietary, genetic or associated factors (Sandhu et al.
2001). Further studies with long-term follow-up,
repeated measures of diet, more in-depth consideration
of dietary patterns, more detailed measures of cooking
methods, and genetic markers of susceptibility may
therefore be required (Willett 2005).

Nevertheless, a picture seems to be emerging that pat-
terns of food intake are important, i.e. any increased
risk associated with a high intake of red and processed
meat appears to be lessened if dietary fibre intakes are
increased (see Norat et al. 2005). Thus lean red meat is
unlikely to significantly increase the risk of CRC when
consumed in moderation and as part of a healthy, bal-
anced diet that includes plenty of fibre from fruit, veg-
etables, pulses and wholegrain cereals.

Cardiovascular disease

Cardiovascular disease (CVD), which includes coronary
heart disease (CHD) and stroke, is the leading cause of
death worldwide, accounting for 18 million deaths each
year. It has a multifactorial aetiology. Although there are
a number of unmodifiable risk factors, including a
genetic predisposition, many of the major causes such as
hypertension, obesity, diabetes, high blood cholesterol
and high blood triglyceride concentrations are modifi-
able by diet, along with other lifestyle factors (e.g. phys-
ical activity and smoking cessation) (Stanner 2005).

Despite the presence of a number of potentially pro-
tective nutrients (e.g. selenium, n-3 fatty acids, B vita-
mins), meat has often been assumed to be a contributor
to increased risk of heart disease because of its relatively
high contribution to fat intakes and its perceived high
content of SFAs. Prospective studies have demonstrated
a positive association between meat and CVD risk, but
any causal link remains to be established. For example,
Fraser (1999) reported a significant association between
beef consumption and fatal CHD in a male cohort of
Seventh-Day Adventists, with those eating beef up to
three times a week having a 1.9-fold increased risk, and
those eating beef three or more times a week having a
2.3-fold increased risk, compared with vegetarians.
However, the study found no association in women and
no significant increase in risk of non-fatal myocardial
infarction (MI). Subdivision of subjects in a pooled anal-
ysis of vegetarian studies into meat-eaters (those eating
meat more than once a week), occasional meat-eaters
(less than once a week), fish-eaters and vegetarians,
demonstrated the death rate ratio to be significantly
below 1 for occasional meat-eaters, fish-eaters and veg-

the combined results of cohort (and case-control) stud-
ies of an association between high red and processed
meat intake and CRC risk. This is supported by the
results of some more recent large prospective studies,
such as the EPIC cohort. EPIC results also indicate that
processed meat intake may be a stronger risk factor for
CRC than red meat intake (Norat et al. 2005). Although
the results of prospective studies have not always been
consistent, no studies so far have shown red or pro-
cessed meat intake to be protective against CRC.
Indeed, studies have consistently shown a positive asso-
ciation between high red and processed meat intake and
CRC risk, even if this association is not always statisti-
cally significant.

The underlying mechanism for this association is still
uncertain, although recent human intervention studies
have suggested that the endogenous N-nitrosation aris-
ing from ingestion of haem iron (not inorganic iron or
protein) could be the most likely mechanism (see Cross
et al. 2003). This would also help explain why poultry,
which contains much lower amounts of haem, is not
associated with increased CRC risk. It has been sug-
gested that processed meat intake is more strongly asso-
ciated with CRC risk than unprocessed red meat,
however, there is currently no straightforward mecha-
nism that could explain this. Nitrites or nitrates added
to meat during processing could increase exogenous
exposure to nitrosamines and other NOCs, but not all
processed meats contain added nitrites (Norat et al.
2005).

It is, however, important to put these findings in
context. Red and processed meat intake is only one of
a number of potential risk factors for CRC. Indeed,
the most established diet-related risk factors for CRC
are overweight and obesity and low physical activity
level. Therefore reducing the risk of CRC involves
modification of a number of dietary and lifestyle fac-
tors including maintaining a healthy bodyweight,
increasing physical activity level and consuming more
fruit and vegetables and dietary fibre (see Slattery
2000).

Moreover, whether the consumption of meat is an
independent risk factor for CRC is still not certain. Col-
orectal carcinogenesis is a multi-step process involving
many different factors; a number of biological pathways
may be involved and an accumulation of alterations to
DNA occur. It is therefore unlikely that factors deter-
mining CRC risk act in isolation. Furthermore, because
not all studies have actually examined the independent
effect of meat intake, it is not possible to exclude the
possibility that the association may be confounded by
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etarians, using the meat-eaters as the reference popula-
tion (Key et al. 1998, 1999a). In the Nurses’ Health
Study, consumption of red meat was associated with an
increased risk of CHD, after adjustment for age (relative
risk for one additional serving per day was 1.43, 95%
CI: 1.35–1.65) and this was attributed to its contribu-
tion to intake of SFAs (Hu et al. 1999a). However, the
association was substantially attenuated and no longer
significant in multivariate analyses. The ratio of red
meat to poultry/fish consumption was more strongly
associated with risk (multivariate relative risk was 1.32
comparing the top with the bottom quintile for this
ratio, P = 0.001). In the Iowa Women’s Health Study,
higher consumption of red meat was significantly asso-
ciated with CHD mortality (risk ratio 1.44, 95% CI:
1.06–1.94) (Kelemen et al. 2005). Among a cohort of
men in the USA, intake of haem iron, particularly from
red meat, was significantly related to increased risk of
fatal CHD or non-fatal MI after adjustment for dietary
cholesterol and fats (Ascherio et al. 1994). As meat-
eaters vary from non or infrequent meat-eaters in a
number of ways (e.g. they are often more likely to
smoke and have a higher BMI; see section on Dietary
and lifestyle factors associated with red meat consump-
tion), it is very difficult for studies to isolate the effects
of meat per se, even if they correct for a number of rec-
ognised potential confounders. Moreover, none of these
investigations have attempted to distinguish between the
effects of different types of meat, particularly lean vs.
untrimmed meat or processed vs. unprocessed meat.

Dietary patterns and CVD

Studies that attempt to identify the effect of individual
foods or nutrients on CVD risk are difficult to interpret
because of strong correlations between foods or nutri-
ents, particularly as dietary measures are often crude
(e.g. rely on FFQs). This has led to increasing interest in
examinations of dietary patterns in relation to risk.

Ecological studies, such as the Seven Countries Study,
suggest that countries with a high intake of animal prod-
ucts in general, or meat in particular, experience high
CHD death rates (Menotti et al. 1999). Mediterranean
and Asian populations tend to have very low rates of
CHD compared with northern European and other
Western populations, and this has been attributed to
their traditional diets providing higher intakes of vege-
tables, fruits, wholegrain products and fish, and lower
amounts of red meat and high-fat dairy products
(Trichopoulou et al. 2005). However, some regions of
Mediterranean countries have a high meat intake (see
Linseisen et al. 2002) and a major problem with these

international comparisons is confounding by lifestyle
variables such as physical activity and obesity and other
aspects of diet, such as fibre intake.

Large prospective studies have shown mortality from
CVD to be lower among vegetarians, and individuals
eating a vegetarian diet tend to have lower levels of
many established CVD risk factors including blood
pressure, BMI and lipid levels (Phillips 2005). While
reductions in risk among vegetarians compared with
meat-eaters have not always reached significance, a col-
laborative analysis of five large vegetarian populations
demonstrated an overall reduction of 24% in CHD
mortality in vegetarians, which remained significant
after adjustment for potential confounders (death rate
ratio: 0.76, 95% CI: 0.62–0.94) (Key et al. 1998,
1999a). The risk reduction was greatest for deaths at
younger ages, and risk of death was lowest among those
who adhered most to the vegetarian diet. However, a
further analysis of the pooled data found there was no
reduction in mortality for those who had followed a
vegetarian diet for 5 years or less. These data do not,
however, justify advice to exclude meat from the diet as
there are several aspects of a vegetarian diet (and life-
style) apart from not eating meat that might reduce the
risk. Indeed, many of the foods that would replace meat
in a vegetarian dietary pattern (i.e. legumes, soy prod-
ucts, nuts and vegetables) could be causally protective
against the disease.

There have been other attempts to examine the rela-
tion of different dietary patterns on CVD risk within
prospective studies. Among nearly 45 000 men in the
US Health Professionals Follow-up Study, Hu and col-
leagues categorised dietary patterns derived from an
FFQ into a ‘prudent’ diet, similar to that found tradi-
tionally in Mediterranean countries (higher intakes of
vegetables, fruit, legumes, wholegrains, fish and poul-
try) and a ‘western’ pattern characterised by higher
intakes of red meat, processed meat, refined grains,
sweets and desserts, French fries and high-fat dairy
products (Hu et al. 2000). During 8 years of follow-up,
those with a high score for the prudent pattern had a
decreased risk of CHD after adjustment for potential
confounders and possible beneficial nutrients such as
folate and fibre. In contrast, those with a high score for
the Western pattern had increased CHD risk after
adjustment for potential deleterious nutrients such as
SFAs, trans fatty acids and cholesterol. Among women
from the Nurses’ Health Study, after 14 years of follow-
up, the prudent pattern was associated with reduced
stroke risk, while a high score for the Western pattern
increased risk of total and ischaemic stroke (relative risk
for ischaemic stroke was 1.56, 95% CI: 1.05–2.33,
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P = 0.02 for trend, when comparing the highest with
lowest quintiles of the Western pattern) (Fung et al.
2004a). These studies suggest a protective effect of
moderate meat, high plant food dietary patterns. How-
ever, in a similar approach, Osler et al. (2002) found no
relationship between a ‘prudent’ diet (with plenty of
wholemeal bread, fruit and vegetables) and a ‘western’
food pattern (containing more meat and white bread)
and CHD risk, when controlling for potential con-
founders (BMI, smoking, exercise, education and alco-
hol drinking).

Studies have also investigated the effects of dietary
patterns that include specifically lean meat on CVD risk
factors. For example, in a small randomised trial, 26
men received two of three diets – a high-fat diet, a low-
fat lacto-ovo-vegetarian diet and a low-fat diet contain-
ing lean meat (Kestin et al. 1989). Compared with the
high-fat diet, both prudent diets significantly lowered
total and LDL-cholesterol, as well as blood pressure
(but significantly increased serum triglycerides – a rec-
ognised effect of low-fat diets, see Stanner 2005). The
lacto-ovo-vegetarian diet had a significantly greater cho-
lesterol-lowering effect (10% vs. 5% reduction in lean
meat group) but blood pressure reductions were similar.
The authors concluded that the partial substitution of
lean meat for plant protein in a fat-modified diet did not
negate the overall cardiovascular-risk lowering of the
low-fat lacto-ovo-vegetarian diet. Thus dietary patterns
that include lean meat in the context of a low fat intake
may offer an alternative approach to a vegetarian diet
for CVD prevention.

Fatty acids and associated risk of CVD

Dietary fats are regarded as having an important influ-
ence on CVD because of their effects on blood choles-
terol levels. A high level of LDL-cholesterol, combined
with a low level of HDL-cholesterol increases the risk of
atherosclerosis, while a low level of LDL- and high level
of HDL-cholesterol reduces the risk. Consuming a diet
that is low in fat can reduce blood levels of total and
LDL-cholesterol, while a high-fat diet is atherogenic.
Laboratory studies have also shown that blood choles-
terol can be influenced by the balance of different types
of fatty acids in the diet; blood levels of LDL-cholesterol
are lowered when some SFAs (e.g. myristic and palmitic
acids) are replaced by MUFAs, PUFAs or carbohydrate.
Fatty acids may also affect CVD risk via other mecha-
nisms. For example, SFAs raise platelet activity, and
thus increase the tendency of blood to clot, whereas
PUFAs have the opposite effect. SFA intake may also be
associated with reduced insulin sensitivity, a key factor

in the development of the metabolic syndrome (Nugent
2004). Dietary recommendations to lower CVD risk
have therefore emphasised the need for a reduction in
total fat and, in particular the amount of SFAs in the
diet.

Although the cholesterol-lowering effect of PUFAs is
greater than that of MUFAs, when substituted for SFAs,
MUFAs do not reduce the protective HDL-cholesterol to
the same extent. MUFAs compared to PUFAs are also
less likely to be oxidised both in foods during cooking
and processing, and in the body – oxidised lipids are
implicated in protein and DNA damage, and in CVD
risk. Moreover, low-fat, high-carbohydrate diets have
been shown to increase plasma triglycerides and
decrease beneficial HDL-cholesterol levels (Stanner
2005). Intervention studies using high MUFA diets have
also shown potential beneficial effects on haemostasis,
inflammation and coagulation (Kelly & Stanner 2003).
This is likely to be a contributing factor in the ability of
Mediterranean-style diets, which are rich in MUFAs, to
protect against CVD. There is therefore considerable
support within the scientific community for the idea that
a moderate-fat diet that is high in unsaturated fatty
acids may promote a better lipid profile than a low-fat,
high-carbohydrate diet and offer a more effective
approach for reducing CVD risk, particularly for people
with type 2 diabetes, and such diets are likely to be
easier to adhere to for those on weight-reducing diets
(Stanner 2005).

The positive relationship between SFAs, cholesterol
and CHD suggest that regular intake of foods high in
SFAs and cholesterol may increase risk of CHD. Meat’s
contribution to SFA intake varies widely between coun-
tries (see section on the nutrient composition of meat).
Overall, red meat contains similar proportions of
MUFAs and SFAs, although the exact proportions of the
fatty acids vary depending on its fat content. Lean meat
is higher in PUFAs and lower in SFAs than untrimmed
meat (lean meats contain as little as 2 g of SFAs per
100 g, while the visible fat of meat contains over 37 g/
100 g). Furthermore, a substantial proportion of the
SFAs in red meat is stearic acid, which has neutral effects
on blood cholesterol levels (Kris-Etherton & Yu 1997),
although it also contains smaller amounts of the choles-
terol-raising fatty acids.

Dietary intervention studies have, however, suggested
that while untrimmed meat is cholesterol-raising, this is
not true of diets containing fat-trimmed lean meat. Most
studies have demonstrated lean red meat to have similar
effects on total, LDL- and HDL-cholesterol or triglyc-
eride levels as white meat or soybean products (Li et al.
2005). In fact, a recent review of dietary intervention
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and cross-sectional studies concluded that diets low in
SFAs and containing lean red meat are associated with a
reduction in LDL-cholesterol levels in both healthy sub-
jects and those with hypercholesterolaemia. Studies also
suggest that lean meat does not have an adverse effect
on blood lipids in patients with existing CVD (Watts
et al. 1988). Lean red meat was also found to have no
effect on thrombotic risk factors such as the production
of thromboxane and prostacyclin, platelet function or
haemostatic factors (Li et al. 2005).

Meat from ruminant animals contains some trans
fatty acids as well as CLA (see section on the nutrient
composition of meat). Trans fatty acids are recognised
to have a more potent effect on blood cholesterol than
SFAs, by raising levels of LDL-cholesterol and lipopro-
tein (a) and decreasing HDL-cholesterol levels, although
this may not occur with the natural trans fats in meat
and milk (BNF 1995a). Prospective studies, such as the
Nurses’ Health Study, have shown a high intake of trans
fatty acids to increase risk of CHD (Hu et al. 1997; Oh
et al. 2005) but current European diets are generally suf-
ficiently low in these fatty acids not to warrant concern
(Hulshof et al. 1999). In Britain, current intake is low, at
1.2% of energy (Henderson et al. 2003a) (dietary refer-
ence value is 2% of energy), while reductions in intake
are less apparent in North America. There have been
reports of some interesting isomer-specific effects of
CLA on the blood lipid profile in human subjects, how-
ever, findings have been inconsistent and this might be
attributed to the variability of the dose level and/or the
mix of CLA isomers used, particularly as results from
animal studies show that specific isomers of CLA may
be responsible for specific biological effects (Stanner
2005). Unfavourable effects of a high dose of one of the
CLA isomers (t10c12 CLA, 3.4 g per day) has also been
reported in relation to increased insulin resistance, oxi-
dative stress and inflammatory biomarkers, and while
such an intake is not obtained by diet alone, at present
the effects of CLA on human health remain unclear
(Tricon et al. 2005).

Meat, primarily lean meat, also contains medium (α-
linolenic acid) and long-chain n-3 PUFAs (EPA, DPA
and DHA). Despite being present at low levels, partic-
ularly when compared with oil-rich fish, intake of these
fatty acids from red meat, mainly in the form of α-lino-
lenic acid, is significant for the average consumer (see
section on the nutrient composition of meat). RCTs with
high doses of long-chain PUFAs from fish (Burr et al.
1989) or supplements (GISSI-Prevenzione Investigators
1999) in patients who had already had a heart attack,
have demonstrated a reduction in cardiac events (e.g.
death, non-fatal MI and non-fatal stroke). Prospective

studies (e.g. the Nurses’ Health Study) have also shown
an inverse association between fish consumption and n-
3 fatty acids and CHD deaths (Hu et al. 2002). The
Physicians’ Health Trial, a prospective study of over 20-
years duration, reported a strong inverse dose relation-
ship between blood phospholipid long-chain n-3 PUFA
content at baseline and subsequent mortality from CHD
(Albert et al. 2002).

Sodium and blood pressure

The relative risk of both CHD and stroke increases as
blood pressure rises. In a recent review of the effect of
sodium on blood pressure, the Scientific Advisory Com-
mittee on Nutrition (SACN) in the UK concluded that
although studies that have prospectively collected 24-h
urine (a good marker of sodium intake) suggest that a
high salt intake has adverse effects on CVD mortality,
there are insufficient reliable data on morbidity and pre-
mature mortality outcomes to reach clear conclusions
(SACN 2003). However, SACN concluded that reducing
the average salt intake in Britain would confer signifi-
cant public health benefits by contributing to a reduc-
tion in CVD burden. Similar recommendations have
been made elsewhere (American Heart Association
2000). Carcase meat contains very little sodium natu-
rally, but salt is added to meat products for a variety of
technical reasons and, as such, processed meat products
make a substantial contribution to total salt intake. The
meat industry has been working to reduce the salt con-
tent of meat products for some time (Matthews &
Strong 2005).

Protein and CVD

Recent large epidemiological studies (e.g. INTERSALT,
MRFIT and the National Diet and Nutrition Survey of
British Adults) have found an inverse association
between dietary protein intake and blood pressure
(Elliott 2003; Hu 2005). Clinical trials have shown that
increased plant protein (soy) intake can lower blood
pressure but few feeding studies have investigated the
effect of animal protein. However, in a parallel design
study of 8-week duration, modest replacement of
refined carbohydrate-rich foods (including bread, pasta,
rice, potatoes and breakfast cereals) with protein in the
form of lean red meat lowered blood pressure in 60
hypertensive individuals [24-h ambulatory systolic
blood pressure fell by 4.0 mmHg (95% CI: 0.6–7.4)]
(Hodgson et al. 2005). Emerging evidence from clinical
trials also indicates that higher-protein diets may
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increase short-term weight loss (see Obesity section) and
improve blood lipids (Parker et al. 2002; Layman et al.
2003), although claims for the latter have generally been
made with interventions that resulted in a concomitant
reduction in weight. A recent RCT of 20 moderately
hypertriglyceridaemic subjects found no difference
between high- and low-protein diets consumed for
6 weeks on fasting plasma or postprandial lipaemia, but
the high-protein diet (with 24% of energy as protein
derived from lean red meats) was found to attenuate the
elevation in chylomicron concentration in response to
ingestion of a high-fat mixed meal, compared with the
low-protein diet (Mamo et al. 2005).

Hu et al. (1999b) specifically examined the relation-
ship between protein intake and CHD risk in the
Nurses’ Health Study. They compared the highest quin-
tile of protein intake (median 24% energy) with the low-
est quintile (median 15% energy) and found a relative
risk of CHD of 0.74 (95% CI: 0.59–0.94) after control-
ling for age, smoking, total energy intake, percentage of
energy from specific types of fat and other coronary risk
factors. Iso et al. (2001) found an inverse association
between protein and stroke risk in the same cohort. The
importance of the source of protein (i.e. animal- or
plant-based) is currently not clear but different sources
of protein appear to have different effects on CVD risk.
In a recent review, Hu (2005) concluded that although
optimal amounts and sources of protein cannot be
determined at this time, evidence suggests a potential
benefit of partially replacing refined carbohydrates with
protein sources low in SFAs. Results of further large-
scale epidemiological studies of protein, blood pressure
and CVD are awaited.

Iron and associated risk of CVD

Two reviews in this area concluded that there was insuf-
ficient evidence to support an association between iron
status and CHD (Sempos et al. 1996; Sempos & Looker
1999). This view was corroborated by a meta-analysis
of prospective studies of iron status and CHD, which
concluded that there was not enough good evidence to
support an association (see Kelly 2002).

B vitamins and homocysteine status

While homocysteine is a normal constituent of the
blood, there is now strong evidence from a variety of
sources that elevated levels are linked with an increased
risk of CVD, including stroke. A meta-analysis of pro-
spective studies showed that after adjustment for other

cardiovascular risk factors, a 25% lowering in
homocysteine was associated with about a 10% lower
risk of CHD and 20% lower risk of stroke (Homocys-
teine Studies Collaboration 2002). Levels are usually
very tightly controlled by three enzymes, two of which
are folate-dependent. Therefore, a low folate status
causes increased levels of homocysteine (Stanner 2005).
While clinical trials have demonstrated that supplemen-
tation with folic acid lowers levels of homocysteine and
that inclusion of vitamins B6 and B12 (which are also
involved in homocysteine metabolism) amplify this
effect, the results of large-scale supplementation trials
are awaited to provide further information on the role
of these B vitamins and homocysteine in CVD. Red meat
contains vitamins B12, B6 and folate and lower homocys-
teine levels have been reported in meat-eaters compared
with vegetarians (Mann et al. 1999).

Selenium and associated risk of CVD

The role of selenium (present in moderate amounts in
meat) in the activity of specific antioxidant enzymes,
particularly glutathione peroxidase, has been well estab-
lished (Holben & Smith 1999) and it is therefore con-
sidered to be an important antioxidant nutrient. Low
levels of selenium have been associated with cardiomy-
opathy in China, but its importance in CVD remains
controversial (Neve 1996). In case-control studies,
patients with MI have low plasma selenium concentra-
tions, but this could be a consequence of the disease
(BNF 2001). Prospective studies investigating low sele-
nium status and heart disease have produced mixed
results (BNF 2001). The two studies that found an asso-
ciation (Salonen et al. 1982; Virtamo et al. 1985) were
conducted in Finland, where selenium intake was very
low, one showing a 3.6-fold increase in coronary deaths
and a 2.7-fold increase in heart attacks among men with
low serum selenium levels (<45 µg/L). In populations
with higher selenium intakes, no associations were
found (Miettinen et al. 1983; Ringstad & Fonnebo
1987; Salvini et al. 1995), suggesting that cardiovascu-
lar risk may only be increased by very low selenium sta-
tus (BNF 2001).

Summary

Pooled analysis of prospective studies suggests that indi-
viduals adopting a vegetarian diet may be at a lower risk
of CVD than those adopting other diets, but such data
cannot be used to make specific associations about meat
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consumption. Some prospective studies have shown a
modestly increased risk of CVD among meat-eaters
compared with low meat-eaters, but controlling for
potential confounders and other aspects of the diet
remains difficult. While red meat contains SFAs, a high
intake of which can have adverse effects on CVD risk
factors such as blood cholesterol levels, it also contains
other fatty acids (n-3 PUFAs, MUFAs) and nutrients
(e.g. B vitamins and selenium) that offer potential car-
dioprotective benefits. Cohort studies have not been
able to distinguish between the effects of different types
of meat but feeding trials have not demonstrated lean
meat to be hypercholesterolaemic or blood pressure
raising or to have any negative effect on thrombotic risk
factors, which suggests that it can be promoted as part
of a healthy diet for primary and secondary CVD
prevention.

Obesity

Overweight and obesity is an increasing public health
problem worldwide, affecting people of all ages and
socio-economic groups. Globally, the prevalence of
overweight and obesity is increasing in both adults and
children and it is no longer restricted to affluent coun-
tries. Obesity is associated with an increased risk of
chronic diseases including CVD, type 2 diabetes and
some types of cancer (BNF 2004a).

Obesity is a complex disorder with a diverse range of
causal factors. Most cases of obesity arise as the result of
an adverse environment working on a susceptible gen-
otype. Susceptibility may be mediated through a wide
range of metabolic (e.g. control of fuel selection) and
behavioural (e.g. binge eating) traits. One incontrovert-
ible fact, however, is that for an individual to become
obese, energy intake must be higher than energy expen-
diture, for an extended period of time. This wide range
of aetiological factors makes obesity both a complex
and challenging disorder (BNF 1999b).

Studies comparing meat-eaters to vegetarians have
consistently found that vegetarians tend to have a lower
BMI than comparable non-vegetarians, e.g. Key &
Davey (1996). Average BMI varies substantially
between cohorts, however, vegetarians have been shown
to have a BMI that is, on average, slightly lower (1 kg/
m2) than non-vegetarians. This has been found in both
men and women and in all age groups, resulting in a
lower level of obesity in vegetarians compared with
meat-eaters (Key et al. 1999b). The large EPIC-Oxford
(UK) cohort comparing meat-eaters to fish-eaters, lacto-
ovo-vegetarians and vegans has shown similar findings
which were described earlier (Davey et al. 2003). It is

difficult to establish exactly what determines these dif-
ferences in BMI, the composition of the diet is likely to
be of relevance, but other lifestyle factors, such as phys-
ical activity levels will also be important. In the EPIC-
Oxford cohort, differences in macronutrient intakes
were found to account for around 50% of the difference
in mean BMI between meat-eaters and vegans (Spencer
et al. 2003).

In terms of dietary factors related to the development
of obesity, there is modest evidence that a high dietary
fat to carbohydrate ratio in the diet is more likely to pro-
mote obesity development (BNF 1999b). Meat makes a
relatively high contribution to dietary fat intakes; a
recent UK dietary survey indicated that meat and meat
products contribute around 23% of total fat intake
(Henderson et al. 2003a). However, as discussed earlier,
the fat content of carcase meat has recently been declin-
ing, while lean red meat can contain as little as 2% fat.
As dietary fat comes from a variety of sources, reducing
the fat content of the diet as a whole (target recommen-
dation 35% of food energy) is a key feature of health
policy activities.

There is also some evidence that it can be advanta-
geous to include lean meat in weight loss diets, as high
protein intakes have been found to lead to increased
satiety (Stubbs 1995). Halton & Hu (2004) recently
conducted a systematic review of studies investigating
the effects of high-protein diets on thermogenesis, sati-
ety, bodyweight and fat loss. Overall, they concluded
that there is some evidence that diets higher in protein
lead to increased weight loss and fat loss compared with
diets lower in protein in the short-term (6-month
period), but further longer-term studies are needed. Pos-
sible mechanisms to explain this effect include increased
satiety from protein, decreased subsequent energy
intake and the displacement of carbohydrate in higher-
protein diets. It seems likely that several of these mech-
anisms work together and are interrelated (see Hu
2005).

Skov et al. (1999) showed that overweight and obese
subjects randomised to either a high-carbohydrate (12%
energy from protein) or a high-protein (25% energy
from protein) ad libitum fat-reduced diet for a 6-month
period, consumed less energy and lost more weight on
the high-protein diet compared with the high-carbohy-
drate diet. These data are consistent with other ad libi-
tum studies (e.g. Weigle et al. 2005) and suggest that, at
least in the short-term, high-protein diets induce greater
satiety and lead to lower subsequent energy intake com-
pared with lower-protein diets (Hu 2005).

There is also evidence that foods higher in protein
induce increased energy expenditure (diet-induced ther-



Red meat in the diet 347

© 2005 British Nutrition Foundation Nutrition Bulletin, 30, 323–355

mogenesis) compared with foods with a higher carbo-
hydrate content. This may be another plausible
mechanism through which higher-protein diets may help
with weight loss (Halton & Hu 2004). There is also
some suggestion that a diet rich in animal protein may
induce greater energy expenditure than a diet with the
same energy and protein content, but in which the pro-
tein was from a vegetable source (Mikkelsen et al.
2000). Further investigation is needed, however, to
assess the long-term effects of high-protein diets before
any public health recommendations can be made.

Summary

Studies comparing meat-eaters with vegetarians have
consistently found that vegetarians tend to have a lower
BMI than comparable non-vegetarians, but this associ-
ation cannot be attributed to meat intake per se. Obesity
is a complex disorder with a diverse range of causal fac-
tors and therefore to identify one dietary factor as the
cause would be a gross oversimplification of a complex
process.

There is growing evidence (from short-term studies)
to suggest that higher-protein diets lead to increased
satiety and reduced subsequent energy intake and may
therefore help enhance weight loss, compared with
lower-protein diets, in the short term. However, further
studies are required to assess the long-term effects of
high-protein diets.

Type 2 diabetes

The prevalence of type 2 diabetes is increasing rapidly
worldwide and this is thought to be linked to the
increasing prevalence of obesity. Currently, an estimated
120 million people worldwide are affected by type 2 dia-
betes and the incidence has been predicted to double to
215 million by 2010. There are a number of risk factors
for type 2 diabetes, the most important being genetic
predisposition, obesity and physical activity level (BNF
2004b).

Several prospective studies have suggested that a
‘western’ dietary pattern, characterised by higher con-
sumption of red and processed meats, French fries,
refined grains and sweets and desserts, is associated with
an increased risk of type 2 diabetes, whereas a more pru-
dent dietary pattern, characterised by higher intakes of
fruit and vegetables, fish, poultry and wholegrains has
been associated with a reduced risk (van Dam et al.
2002a; Fung et al. 2004b). Many factors can confound
such associations but recently it has been speculated that
processed meat intake may be independently associated
with the risk of type 2 diabetes (see Table 11).

The hypothesis that high meat intake may be linked to
an increased risk of type 2 diabetes first arose from eco-
logical and migrant studies (Kawate et al. 1979; Pratley
1998). Also, the Seventh-Day Adventists study compar-
ing vegetarians with non-vegetarians found meat intake
to be associated with a higher risk of diagnosed type 2

Table 11 Meat consumption and type 2 diabetes: prospective cohort studies

Author (year
published)

Country/cohort
details

No. in
cohort

No. of
cases of
diabetes Type of meat Partition

Relative risk 
(highest vs.
lowest intake) Significance Adjustments

Fung et al. (2004b) American women 69 554 2699 Red meat
Processed meat

Servings
Servings

1.26*
1.38*

Sig.
Sig.

Unavailable

Song et al. (2004) Women’s Health
Study, USA

37 309 1558 Red meat Freq./week 1.28 Sig. Age, BMI, energy intake,
physical activity,
smoking, alcohol, family
history

Processed meat Freq./week 1.23 Sig.

Schulze et al. (2003) Nurses’ Health
Study II, USA

91 246 741 Red meat

Processed meat

Freq./week

Freq./week

1.44

1.82

NS

Sig.

Age, BMI, energy intake,
physical activity,
alcohol, smoking, family
history, other dietary
factors

van Dam et al. (2002b) Health Professionals
Follow-up Study, 
USA

42 504 1321 Red meat

Processed meat

Freq./week

Freq./week

1.05

1.46

NS

Sig.

Age, BMI, energy intake,
physical activity,
smoking, alcohol, family
history, other dietary
factors

*Relative risk (RR) for diabetes for every 1-serving increase in intake.
NS, not significant; Sig., significant; Freq., frequency; BMI, body mass index.
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diabetes, after correcting for bodyweight, physical activ-
ity and other dietary factors (Snowdon & Phillips
1985). Since then, a few prospective studies, primarily
from one group in the USA, have investigated the pos-
sible link between red and processed meat intake and
type 2 diabetes. The results of these studies are sum-
marised in Table 11; the limitations of ecological and
prospective studies have been discussed earlier in this
section.

In the large cohort of male participants of the Health
Professionals Follow-up Study, frequent consumption of
processed meat (five servings or more per week) was
associated with a higher risk of type 2 diabetes, how-
ever, there was no significant association with red meat
intake (van Dam et al. 2002b). A similar finding was
demonstrated in a large cohort of women in the Nurses’
Health Study. Participants consuming processed meat
five times or more per week were shown to have a 82%
(95% CI: 1.34–2.46) increased risk of developing type 2
diabetes compared with those consuming processed
meat less than once per week, after adjusting for con-
founders, including other dietary factors. Red meat was
not found to be significantly associated with type 2 dia-
betes after correction for the other dietary factors
(Schulze et al. 2003).

More recently, in the Women’s Health Study, both red
and processed meat intakes were found to be signifi-
cantly associated with an increased risk of type 2 dia-
betes, the strongest association being with frequent
consumption of processed meat (particularly bacon and
hot dogs). These results remained significant after fur-
ther adjustment for total fat intake, dietary fibre, mag-
nesium and glycaemic load. Intakes of total cholesterol,
animal protein and haem iron were also shown to be sig-
nificantly associated with increased risk (Song et al.
2004). Finally, in another cohort of American women,
both red and processed meat intake were found to be
associated with type 2 diabetes; again the association
was found to be strongest for processed meat intake
(Fung et al. 2004b).

The results of these large cohort studies suggest that
frequent consumption of processed meat may increase
the risk of developing type 2 diabetes, but there is less
evidence for an association with red meat intake. How-
ever, the underlying mechanism by which red or pro-
cessed meat may influence diabetes risk is unclear.
Processed meats are a major source of nitrites in the diet
and N-nitrosamines, formed in foods or the stomach by
the interaction of nitrites with amines, have also been
detected in processed meats such as bacon and sausages.
Some N-nitrosamines have been found to be toxic to
pancreatic α-cells (LeDoux et al. 1986) and consump-

tion of foods high in nitrites and N-nitrosamines has
been shown to be positively associated with the risk of
type 1 diabetes in a number of studies (e.g. Virtanen
et al. 1994). However, it is less clear whether N-
nitrosamines are involved in the development of type 2
diabetes (van Dam et al. 2002b). Advanced glycation
end products (AGEs) and lipoxidation end products
produced during the cooking or processing of meat have
also been suggested as an explanation (Song et al.
2004).

Summary

Evidence from a small number of recent cohort studies
suggests that a high intake of processed meat may be
associated with an increased risk of type 2 diabetes.
However, to date there have been no intervention stud-
ies (the means of demonstrating cause and effect) and
purported mechanisms are merely speculative. The evi-
dence that exists points to any effect being linked with
processed rather than lean red meat, and processed meat
products can be high in fat. Hence the findings are in
accord with current recommendations to reduce fat
intake and to include lean meat in the diet, in modera-
tion.

People with type 2 diabetes, like the general popula-
tion, are recommended to follow a healthy balanced
diet, low in fat (especially SFAs) and rich in fruit,
vegetables and wholegrain cereals, to maintain a healthy
bodyweight and to stay physically active (BNF 2004b).
There is no evidence to suggest that lean red meat can-
not be recommended, in moderation, as part of a
healthy balanced diet for people with type 2 diabetes. In
fact, single-meal intervention studies suggest that an
energy restricted, high-protein, low-fat diet (that
includes lean red meat) may actually help improve over-
all glucose control in type 2 diabetes (e.g. Gannon et al.
2003).

Discussion

Data from national dietary surveys indicate that intakes
of meat vary widely between countries, and between
subgroups of the population within countries. However,
some similarities have been found; for example, women
tend to consume less meat than men. As different meth-
odologies are adopted to collect information on food
intake, it is difficult to make direct comparisons between
data from different countries, although the recent EPIC
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study has provided comparable food intake information
for a number of European countries.

Another challenging aspect of investigating patterns
of red meat intake is that the composition of different
types of meat varies widely. For example, lean red meat
is low in total fat, SFAs and salt, whereas untrimmed
meat is higher in both total fat and SFAs; processed meat
is generally higher in salt and fat and often contains
other components, such as nitrites, which are added
during processing. Moreover, the composition of differ-
ent processed meats and the types of processed meat
consumed vary widely between countries. It is therefore
important to distinguish between different types of meat
when looking at patterns of intake, as well as consider-
ing the health effects of red meat. This is not always
straightforward, however, as definitions vary and not all
studies distinguish between different kinds of meat
consumed.

Red meat provides many important nutrients, partic-
ularly protein, long-chain n-3 fatty acids, iron, zinc,
selenium, vitamin D and vitamin B12. Red meat is a well-
recognised source of bioavailable iron, contributing
around 20% of iron intake, on average, in developed
countries. In the light of current low levels of iron intake
in many developed countries, particularly among
women, meat has the potential to make an important
contribution to intakes. In some countries, for example
the UK, there are also concerns over low intakes of sele-
nium. Meat is one of the main providers of selenium in
the diet, particularly in parts of the world where sele-
nium levels in the cereals consumed are low. Red meat is
also classified as a source of zinc, in EU food labelling
terms (BNF 2002). Red meat consumption provides 30–
40% of the recommended zinc intake in some countries.
As with iron, the zinc in meat is in a highly bioavailable
form, making meat a more ‘efficient’ provider of this
mineral. Concern exists, e.g. in the UK, about the zinc
intakes of some population groups.

Red meat is also a good source of vitamin D, which
may be more easily utilised than the vitamin D present
in other foodstuffs. Meat can therefore provide a useful
dietary source for those individuals who do not get
enough vitamin D through sunlight exposure (the main
route for most people). Red meat also contains a range
of B vitamins, although the levels vary between differ-
ent types of meat, in particular it is classified as a rich
source of vitamin B12, in EU food labelling terms. As
this vitamin is only found naturally in foods of animal
origin, subgroups of the population who do not con-
sume meat or animal products, may have inadequate
intakes.

Although red meat is seen as a contributor to SFAs

intake, lean red meat actually contains a higher propor-
tion of unsaturated fatty acids. Meat, primarily lean
meat, also contains the long-chain n-3 fatty acids, EPA,
DPA and DHA. Although levels of these are low, there
are few other food sources (the richest source being oily
fish), and therefore lean red meat can make a contribu-
tion to intake of these fatty acids. Furthermore, much
work is currently underway to identify methods through
which to alter the fatty acid profile of foods, such as
meat, in order to reflect a positive fatty acid profile in
terms of heart health.

Various research studies have been conducted to try
to determine whether there is a link between red and
processed meat intake and a number of chronic diseases,
including CRC, CVD, obesity and type 2 diabetes. Evi-
dence from prospective cohort studies indicates that
high intakes of red and processed meat (e.g. >160 g per
day) contribute to an increased risk of CRC (e.g. Norat
et al. 2005). Obtaining definitive evidence to confirm
the effects of specific dietary factors on cancer risk is a
challenging process (the shortcomings of epidemiologi-
cal studies have been discussed earlier). Prospective
cohort studies provide the best available evidence
regarding associations between diet and cancer, but they
have their limitations, in particular, the complex nature
of the diet makes it very difficult to measure precise lev-
els of food and nutrient intake. Furthermore, it is very
difficult to tease out the independent effects of individ-
ual dietary factors, as dietary patterns tend to cluster,
e.g. individuals with high intakes of processed meat
have also been shown to have low intakes of fruit and
vegetables (see Cosgrove et al. 2005b). The recent EPIC
study of a large pan-European cohort helps to overcome
measurement error, as statistical power is increased by
using large numbers of subjects with greater heteroge-
neity in dietary habits. Therefore, the EPIC study cur-
rently provides the strongest available evidence
regarding associations between dietary factors and the
risk of cancer.

With regard to CVD, some cohort studies have shown
an association between high meat intake and increased
CVD risk, but most of these have combined meat intake
from all sources and have not been able to distinguish
between the effects of different types of meat (e.g. lean,
processed or untrimmed meat). However, intervention
studies have not indicated that lean red meat has any
adverse effect on blood cholesterol levels, blood pres-
sure or other CVD risk factors.

Meat-eaters have been shown to have a higher BMI
than comparable vegetarians (Key et al. 1999b); how-
ever, evidence of an association between meat consump-
tion and obesity does not automatically indicate there is
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a causal link. Furthermore, there are problems with
interpreting studies comparing meat-eaters with vege-
tarians, as vegetarians tend to be more health-orientated
generally, e.g. consuming more fruit and vegetables and
having higher levels of physical activity. Obesity is a
complex disorder with a diverse range of causal factors
and to identify one dietary factor as causal would be a
gross oversimplification. Finally, with regard to type 2
diabetes, there is evidence from a few large cohort stud-
ies in the USA that frequent consumption of processed
meat (e.g. 5 times or more per week) may increase the
risk of type 2 diabetes development. However, further
studies are needed to confirm these findings.

With respect to CRC risk, the currently available evi-
dence suggests that the UK guidelines set by COMA are
still appropriate, that is that individuals’ consumption
of red and processed meat should not rise and that
higher consumers (>140 g per day or 12–14 portions per
week) should consider a reduction in intake (Depart-
ment of Health, UK 1998). It is worth noting that rec-
ommendations in different countries vary somewhat; for
example, the Australian Cancer Council of New South
Wales (NSW) recommends that people consume moder-
ate amounts of red meat (65–100 g of cooked red meat,
3–4 times a week) and limit consumption of processed
meats (The Cancer Council NSW 2003). The American
Cancer Society recommends limiting consumption of
red meats, especially those high in fat and processed
meat (American Cancer Society 2001).

Average daily intakes of red and processed meat in
most countries are still below the level thought to
increase the risk of CRC. For example, average intakes
of red meat in Europe (in men) range from 40 g per day
in the UK to 74 g per day in Spain, while average intakes
of processed meat (in men) range from 10 g per day in
Greece to 83.2 g per day in Germany (see Table 1) and
therefore it is only the small proportion of high consum-
ers of meat and meat products that may need to consider
a reduction in consumption.

The majority of the population in most developed
countries consume meat and meat products, and meat
makes a significant contribution to nutrient intake for
most individuals. In addition, meat can be a versatile
food that adds variety to eating occasions and is enjoyed
by many. Some people choose not to eat meat, for a vari-
ety of reasons, but as there is no evidence that a mod-
erate intake of lean red meat has any negative effects on
health, there is currently no real scientific justification
for excluding it from the diet. Therefore, as recom-
mended in healthy eating advice around the world, lean
red meat, consumed in moderation, can be promoted as
part of a healthy balanced diet.
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