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Introduction

From the exploration of the origin and development of government dietary guidelines (in Part 1Summer edition of Nutrition Practitioner), it is clear that the aims of dietary standards and guidelines have changed over time.  

Initially, they were proposed as a guide for preventing scurvy; then for preventing diseases associated with starvation; then to feed the army and the nation; then to maintain health and working capacity; then to integrate health and agriculture; and finally to maintain ‘perfect’ health into advanced old age.  

So are the current government dietary guidelines achieving their stated objective of encouraging healthy longevity in the population?
Crisis In Public Health
According to a 2008 report from the government’s Scientific Advisory Committee on Nutrition (SACN), the prevalence of obesity (Body Mass Index (BMI) above 30 kg/m2) or overweight (BMI above 25 kg/m2) increased from 45% of men and 36% of women who were obese or overweight in 1986/87 to 66% of men and 53% of women in 2000/0156.  This trend is confirmed by data from the Health Survey for England57.  Data from the International Obesity Taskforce show that England has one of the worst levels of obesity in Europe (Figure 2).
Obesity raises the risks of many chronic diseases including cardiovascular disease, certain cancers, osteoporosis, diabetes and liver disease. For young adults, the risk of an earlier death for someone with a BMI of 30 kg/m2 is about 50% higher than that for someone with a BMI in the range 20 to 25 kg/m2. The UK National Audit Office estimated that 7% of all deaths in England were attributable to obesity in 2002 (compared to about 10% due to smoking, and less than 1% from road accidents)58. In the UK, the economic costs of obesity are conservatively estimated at £3.3–3.7 billion per year and of obesity plus overweight at £6.6–7.4 billion.59
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Figure 2: Obesity levels in Europe
According to the World Health Organisation, these health problems arise predominantly from elevated consumption of energy-dense, nutrient-poor foods that are low in fibre and high in fat, sugar and salt and reduced levels of physical activity at school, work, and home; and smoking.60
Long-term studies by the Harvard School of Public Health have concluded that an optimally nutritious diet combined with regular exercise and not smoking can prevent 80% of heart disease, 90% of type 2 diabetes, 70% of stroke and some cancers, as well as substantially reduce the incidence of a host of other chronic diseases and health ailments61.  Similarly, the World Cancer Research Fund reports that changing what people eat could help to reduce the risk of about a third of all cancers.62
[image: image1]Figure 3: Comparison of prevalence of obesity (body mass index greater than 30 kg/m2) in adults in 1986/7 and 2000/1.
This crisis in public health suggests that something is wrong.  Is the population failing to comply with the government’s dietary guidelines, or are the dietary guidelines themselves at fault, or both?
What Is The UK Population Eating?
A series of cross-sectional surveys aiming to provide detailed quantitative information on the diet, nutritional status and related characteristics of the British population are conducted at approximately three-yearly intervals. The programme is split into four surveys of different population age groups.  Four surveys were conducted in the National Diet and Nutrition Survey programme between 1992 and 2001.63
Nutrient intakes are compared with COMA Dietary Reference Values and other COMA and SACN recommendations. Dietary Reference Values (DRV) for total fat, saturated and trans fatty acids and nonmilk extrinsic sugars are the recommended maximum contribution these nutrients should make to the population average diet, expressed as percentage of energy intake. For total carbohydrate, cis monounsaturated fatty acids and non-starch polysaccharide (NSP), the DRVs are population averages, i.e. the average contribution, as a percentage of energy, that total carbohydrate and cis monounsaturated fatty acids should make and the average intake of NSP in grams per day. For energy, the DRV is the Estimated Average Requirement (EAR), that is, the intake that meets the energy requirement of 50% of the population group. Finally, DRVs for protein, vitamins and minerals are expressed as Lower Reference Nutrient Intakes (LRNI) (not protein) and Reference Nutrient Intakes (RNI), the intakes at which the requirements of 2.5% and 97.5% of the population group are met.
Results of the surveys are summarized in Table 1 and compared with the dietary guidelines.

Taken together, the results of these four National Diet and Nutrition Surveys show that, over the last fifteen years, there has been:

· A decrease in energy intakes

· A fall in total fat and saturated fat intakes

· A reduction in the consumption of red meat, processed meat and meat-based dishes

· An increase in fruit and vegetable consumption

· An increase in salt consumption

· An increase in sugar consumption

· An increase in overweight and obesity

The Scientific Advisory Committee on Nutrition concluded:

“Although there have been positive changes in the diets of British adults over the last fifteen years…..there is still room for improvement.” 

The areas for improvement are being targeted by current government policy64:

· Low fruit & vegetable consumption

· Despite an encouraging increase in fruit and vegetable consumption, it still remains below the recommendations in all age groups and is associated with low biochemical micronutrient status.

· High total/saturated fat intakes

· The proportion of dietary energy derived from fat and saturated fat has decreased since the 1986/87 adults survey.

· Mean intakes of total fat are close to recommendations in all population groups, though intakes of saturated fat exceed recommendations in all groups.

· High salt intakes
· Mean adult salt intake was higher in the 2000/01 than in 1986/87. A survey in 2005/06 showed a small fall in mean intake but intakes remain well in excess of the 6g/day recommended maximum.

· Obesity
· It would appear that mean energy intakes fell below the EARs in all population groups although the number of obese individuals is increasing. This apparent paradox reflects under-reporting of intake and possibly overestimation of energy requirements for the level of physical activity.

· Under-reporting would also affect intakes for other nutrients. Further research to characterise the diets of the obese and overweight groups would assist work to reduce of the prevalence of obesity.

· Specific “at risk” groups

· Young adults, older adults living in institutions and people in lower socioeconomic groups were identified as having a high prevalence of low nutrient intake and low biochemical status.

· Poor dietary patterns

· The group with the lowest mean intakes and biochemical status of all nutrients (except iron) consumed more soft drinks, savoury snacks and alcoholic beverages.

· A higher consumption of sugar, preserves and confectionery was associated with low nutrient intake and biochemical status.

· High sugar-rich food consumption

· The proportion of energy intake derived from non-milk extrinsic sugars (NMES) exceeds the recommendation in most age groups, particularly amongst children and young adults, as well as older adults.

· Groups with the lowest mean intakes and biochemical status of almost all nutrients had the highest consumption of soft drinks.

· Low intake of non-starch polysaccharides

· Intake of non-starch polysaccharides was low. No groups met the recommendation for adults.

· Low fish (especially oily fish) consumption.
· Mean consumption of oily fish was below the recommendation in all age groups even though it has increased in certain groups over the past 15 years.

· The group with the highest consumption of fish and fish dishes had the highest mean intakes/biochemical status of most nutrients.
Specific population groups identified as most at risk of poor dietary variety and low nutrient intake and biochemical status were:

• Children aged 18 years and under

• Young adults aged 19-24 years

• Smokers

• People in lower socio-economic groups

• Adults aged 65 years and over living in institutions

[image: image5.png]Country

% overweight

Sy
Crnch ep.
Engiand
Gormany
Hunry.
Spain
Tukey
Beigum

Kygystan

MEN

oy
Norway

Lum 100 B a0

=(
0
%

Source Interationsl ety T Force




Table 1: Summary of findings of National Diet and Nutrition Surveys compared with dietary guidelines65
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It can therefore be seen that, although there has been progress towards gaining greater compliance with government dietary guidelines, there are still substantial numbers of people who are not eating in accordance with the scientific advice available.  This is likely to be contributing to the current public health crisis, but is it the whole story?  Are the dietary guidelines themselves still valid?

Evidence Base for Dietary Guidelines
By their own admission, there was insufficient data for the Committee on the Medical Aspects of Food Policy to establish dietary reference values with great confidence66.  The first reason for this is that it is technically difficult to conduct meaningful research on nutrition, the diets of populations and their effects on health.  Secondly, funding for nutrition research has historically been much lower than that for drug and other medical research and this remains the case.
In medical research, there is a hierarchy of evidence:
	Grade
	Evidence

	A
	Systematic review of all randomised control trials (RCTs) - meta-analyses

	B
	Properly designed RCTs or well-designed pseudo-RCTs

	C
	Cohort studies

	D
	Case control studies or interrupted time-series with a control group

	E
	Comparative studies with a historical control

	F
	Case series

	G
	Other relevant information, such as reports of expert committees


Randomised control trials (RCTs) are considered to be the ‘gold standard’ by which other studies are judged.  In these carefully controlled studies, half of a group of volunteers is randomly assigned to the experimental diet or treatment, and the other half is assigned to the standard diet or treatment (the control) or possibly to no treatment at all.  After a preset time, the number of people in the control group who have developed the predetermined ‘endpoint’ – death, heart attack, cancer, and so on – is compared with the number in the experimental group.
There are many advantages of this type of study.  If it is large enough, the randomisation process makes sure that the people in the experimental group are very similar to those in the control group in terms of age, health, exercise and other relevant factors.  This means that the only difference between the two groups is the diet or treatment.  
Unfortunately, randomised trials are often impossible to do when it comes to nutrition research.  Ensuring that people prepare and eat special meals for a long time is difficult.  It is equally difficult to persuade people to take a vitamin pill or placebo for maybe a decade or more.  Given the large numbers of people needed, the cost of running a randomised control trial can be astronomical.  The Women’s Health Initiative, which is primarily testing the impact of reducing dietary fat to 20 % of calories and increasing fruits and vegetables on the development of breast cancer, will cost more than US$1 billion and probably still will not yield clear answers67.  Randomised control trials investigating the effect of individual nutrients on health typically use supplements that may be administered at much higher doses than would be likely from consuming the nutrient in food form, or which may not be absorbed by the body as well as food-form nutrients.  Food contains a wide range of nutrients that usually work in concert, so the effect of one will usually depend on the presence, concentration and effect of others.  If one nutrient is present at higher than normal physiological concentrations, the regulation and action of other nutrients may be distorted.  In addition, the effect of individual nutrients will depend on the background nutrient status of an individual.  Consuming vitamin B pills whilst living on a diet of junk food, for example, will almost certainly have a different effect from consuming vitamin B pills whilst on a healthier diet.  It is very difficult to control for this as every individual eats different types and amounts of food, particularly if the study is over a long period.
Cohort studies involve following large groups of people – described by epidemiologists as ‘free-living humans’ – for long periods.  These cohort studies start with a group of people who often have something in common, such as an occupation or a place of residence.  They are asked about their diets, smoking and drinking habits, education, occupation, medical conditions and other relevant questions.  The group is then followed, usually for a decade or more, either directly with occasional check-ups and mailed questionnaires or by monitoring death certificates.  When the study has been in progress for sufficient time, researchers examine the data collected to test their hypotheses.  For example, do the people in the cohort who eat the most fibre have the lowest incidence of colon cancer?  Such long-term cohort studies have yielded some of the best information so far on the link between diet and health.  Well-known cohort studies include the EPIC Study68, the Nurses’ Health Study69 and the Health Professionals Follow-up Study.70 
Cohort studies have three main weaknesses: the estimate of food intake, confounding, and practical duration of follow-up.  For such studies food-frequency questionnaires are commonly collected by postal survey with no interviewer's help; they do not correlate well with more direct measurements of actual food intakes or with dietary records. A single snapshot of diet does not reflect the gradual changes that take place over years in most people's eating habits. Cohort studies with periodic estimates of food intake, backed by biochemical tests of key nutrients, are higher quality than once-only questionnaires. Dietary components associated (or not) with a disease (e.g., dietary fibre) may accompany a feature of lifestyle that was not tested but is more directly related. This confounding can never be eliminated. Lastly, cohort studies are short-term compared with the average human life span. Most cohorts are of middle-aged people in whom there is a fair risk of the disease developing, so such studies cannot reveal effects of the diet in childhood and adolescence.71
Case-control studies gather data from a group of people who have developed particular diseases (the cases) and a similar group of people who are free of the disease (the controls) and compares the two groups for differences in diet, exercise or other life-style factors.  Case control studies do not work well for research on diet, when only small differences are likely to be seen from person to person.  They also have the drawbacks of uncertainty about how long the likely incubation period is between the possible causative diet and onset of the chronic disease and of inaccuracy in summoning up past dietary habits.  Case-control studies are also more prone to error and bias than cohort studies.  They can be performed more quickly and cheaply than either randomized control trials or cohort studies; thus they were used to supply the evidence for many of the early recommendations about diet and health.  As more information emerges from long-term cohort studies, it is evident that conclusions from case-control studies were not always correct.  

Metabolic studies are a type of randomised control trial done with volunteers living in hospital or clinic wards eating specially prepared meals.  The controlled conditions make it possible to see how different foods or nutrients affect changes in blood cholesterol, homocysteine levels or other biochemical markers.  Usually these trials are too small or do not go on for long enough to measure the effects on health.  They also do not represent what happens in ‘real life’, so are of questionable utility when it comes to devising dietary guidelines.
When the results of RCTs and observational epidemiology appear to be in conflict in nutrition research, it is unsafe to assume that one level of evidence has automatic priority over another.  For example, foods rich in β-carotene are inversely associated with lung and other cancers72 but β-carotene has shown no protective effect in RCTs73.  Possible explanations are that forms and/or dosage of β-carotene were non-physiological74, and that carotene might still be protective against an earlier stage of carcinogenesis than that which occurs in the 5 years of a trial. It is even more difficult to explain why two large cohort studies found that high (supplementary) vitamin E intakes seemed protective against coronary heart disease but several secondary and primary prevention trails did not.75
In practice, it is necessary to integrate epidemiological, clinical and experimental data when formulating guidelines.  Pragmatically, it may also be necessary to make judgements about guidelines based on incomplete evidence.  One example is the evidence associating a lower relative risk of age-related blindness due to macular degeneration with the consumption of dark-green leafy vegetables, particularly spinach and kale76. While it may be that zeaxanthin and lutein components in these foods are protective against macular degeneration, establishing this relationship will require extensive experimental and clinical research. In the meantime an increased intake of dark-green leafy vegetables is probably a justifiable food-based dietary guideline, especially in view of other support for this recommendation.

Whilst every effort has been made to base dietary guidelines on a firm scientific foundation, it is clear that the evidence-base is not yet robust enough to do this with any degree of certainty.  History is thus likely to reveal that the current dietary guidelines are off the mark in a number of areas.  Some areas of possible controversy are discussed below. 
Energy Intake Guidelines And The Obesity ‘Epidemic’ 
At its simplest level, the main biological cause of weight gain is an imbalance between energy intake (from food and drink) and energy expenditure (in metabolic and physical activity). An excess intake over expenditure is stored as body fat.  Obesity develops gradually over a period of time as weight is gained.
Mean energy intakes for UK adults in 2000/01 fell below Estimated Average Requirements (EARs) for men and women in all age groups, and were 80 to 90 % of EAR.  Indeed, average per capita energy intake seems to have declined by 20 % since 197077.  Why then has there been an increase in overweight and obesity?  This apparent paradox is likely to reflect under-reporting of intake, over-reporting of physical activity and possibly overestimation of energy requirements for the average level of physical activity. 
Mis-reporting of food consumption in dietary surveys, generally underreporting, is known to be a problem in National Diet and Nutrition Surveys (NDNS) as in dietary surveys worldwide78,79. Under-reporting can cause biased low estimates of intake as respondents underreport their actual intake or modify their diet during the recording period. Analysis of data from the NDNS adults 2000/01 indicated that energy intake was under-reported to a level of 25 % of energy needs on average.  For example, adults self-reported that they were eating 82 grams of confectionery each week.  Industry sales figures, however, showed that 250 grams confectioneries per week were being sold to somebody. Clearly, there is a huge gap between what industry is selling and what people are reporting they are eating.  Likewise, sales of alcohol have increased dramatically in recent years, particularly to women and young people, but people do not always admit to how much they are drinking.  Drinking five pints of lager over an evening adds an extra 1,135 calories, nearly half of a man’s daily energy requirement, and five bottles of an ‘alcopop’ such as Bacardi Breezer contain 990 calories, nearly half a woman’s daily energy requirement.80 
The other side of the energy balance equation is physical activity.  Only a third of men and around a

quarter of women achieve the Department of Health’s target of 30 minutes of physical activity 5 times a week. Levels of walking and cycling have fallen drastically in recent decades, while the number of cars has doubled in 30 years. Children are also increasingly sedentary both in and out of school. A fifth of boys and girls undertake less than 30 minutes activity a day. Television viewing has doubled since the 1960s, while physical activity is being squeezed out of daily life by the relentless march of automation81. In Britain, proliferation of labour-saving devices between 1956 and 1990 reduced caloric expenditure (in excess of basal metabolic needs) by an astonishing 65 %82.  The National Audit Office report Tackling Obesity in England stated that the extra physical activity involved in daily living 50 years ago, compared with today was the equivalent to running a marathon a week83.  The Royal College of General Practitioners has suggested that food intake has fallen on average by 750 kcal per day; but activity levels by 800 kcal.  Out of this small imbalance has come the wave of obesity.
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Table 2: Total energy used by a man aged 25 years (weighing 65kg) to do various activities.

Sources: Ministry of Agriculture, Fisheries and Food (1992) Manual of Nutrition. HMSO, London;  www.weightlossresources.co.uk
This remarkable fall in physical activity in the population over the last 50 years has not been matched by a concomitant fall in the guidelines for energy requirements.  Thus, this area is ripe for review.  A Working Group of the Scientific Advisory Committee on Nutrition is currently reviewing the guidelines for energy requirements for the UK population and its sub-groups; it is expected to report imminently.84
It will be interesting to see whether the SACN recommends a reduction in calorie intake as a result of its review.  There is, however, a limit to how far the recommended energy intake can fall before the diet starts failing to supply the necessary levels of both macro- and micro-nutrients necessary for health.  The key challenge is to lower the energy density of the national diet whilst increasing the nutrient density.  The general level of physical activity also needs to be increased.  
Investigation of energy intakes in populations that do not suffer from obesity, such as those in rural China and the elders of Okinawa (Japan), Ecuador and Hunza, suggest substantial variation in energy consumption.  In rural China, for example, an average adult male of 75 kg consumes 3000 kilocalories per day, compared with 2400 kilocalories for a similar sized American male85 undertaking a similar level of physical activity.  In contrast, dietary surveys in Okinawa, which has the highest proportion of centenarians anywhere in the world, suggest that caloric restriction through their cultural tradition of “hara hachi bu” - eat until you are 80% full - may be responsible for the remarkable healthy longevity of the elders, with average intake being 1785 kilocalories per day.86
These variations suggest that weight gain is affected not only by total calories but also by the type of calories consumed, a fact that is not made explicit in the government dietary guidelines. 
Even if overall calorie consumption has fallen in the UK, there have been significant changes in the composition of people’s diets87. For instance, there has been an increase in the proportion of fat in the British diet.  In the 1940s, each kJ of carbohydrate in the diet was associated with 0.6kJ of fat but in the 1990s with 0.9kJ of fat, an increase of 50%.  Although both carbohydrates and fats produce energy, the type of carbohydrate and the type of fat consumed have different effects on metabolism and physiology and play a crucial role in influencing weight and general health.
Fat Intake
The government dietary guideline to reduce total fat and saturated fat in the diet arose mainly from detailed review of the literature on effects of fat and serum cholesterol on heart disease88, as described in Part 1 of this paper.  At the time that the guideline was devised, average serum cholesterol in UK adults was 5.8 mmol/l and average daily saturated fat intake was 36.5 g per day, representing 16% of dietary energy (it is now an average of 13% of dietary energy).  The Keys equation89 was used to calculate that a reduction in saturated fat intake to 10% of energy would be expected to result in a decrease of serum cholesterol concentration of about 0.4 mmol/l, taking serum cholesterol levels closer to the agreed ‘ideal’ level of 5.2 mmol/l.  If this reduction in saturated fats were confined to triglycerides with 14 or 16 carbon atoms, the reduction in serum cholesterol would be greater.  The COMA panel believed such a reduction would be expected to reduce the risk of coronary heart disease substantially.  In 1991, only about 5% of adults in the UK derived 10% of energy or less from saturated fats.
The role of fat in increasing the risk of heart disease has remained controversial.  As highlighted earlier, some scientists have proposed that sugar may be more damaging to the heart than fat, due to its effects on raising blood triglycerides and then VLDL cholesterol90. Others have argued that the government dietary guideline to reduce fat in the diet has led, indirectly, to the obesity epidemic by encouraging people to consume more sugar instead.91
Dozens of randomised control trials have now documented the ability of low-fat diets to reduce the incidence of cardiovascular events92 and sometimes to reverse atherosclerotic disease93.  Such diets are likely to be low in saturated fat, trans fat, and calories, which may account for the observations.  Similarly, epidemiological studies have revealed that populations with a relatively low total fat and saturated fat intake have a low risk of heart disease.  In rural China, for example, fat represents only 14.5% of dietary energy and the average serum cholesterol concentration is only 3.28 mmol/l.  The death rate from heart disease in rural China is seventeen times lower than that in America.94 

When the UK dietary recommendations were published in 1991, there were no prospective data relating fat intake to subsequent development of obesity and no evidence that a high fat diet affects energy expenditure.  In cross-sectional studies total fat intake has been found to be both positively and negatively correlated with BMI95,96.  There is evidence that the energy cost of fat deposition from dietary fat is less than from other dietary components, but this effect is very small97.  However, meals containing predominantly carbohydrates stimulate carbohydrate oxidation whilst those containing mainly fat fail to promote fat oxidation, and favour fat storage98,99.  As fat provides more calories per gram than other dietary constituents do, its addition to a food or diet necessarily increases the energy density.  Low fat diets are usually bulkier than high fat diets for a given energy content, and this may have an effect on limiting energy intake.  It has been shown that reducing the energy density of the diet results in a significant reduction in energy intake at least in the short term.  Whether this is related to the development of obesity is unknown, but low fat diets are reported to be valuable in the management of obesity.100,101
Crucial to the success of a low fat diet in preventing weight gain and protecting health, though, is the nature of the calories that are included in the diet to replace the calories from fat.  Typically, carbohydrate is used to replace fat in the diet, however, the type of carbohydrate used is all important.  
In populations such as those in rural China and the elders of Okinawa in Japan, where there are low levels of obesity, between 60 and 70% of energy intake comes from consumption of complex carbohydrates such as those from whole grains, vegetables, fruit, nuts and seeds.  In contrast, in Europe and the US, a disturbing trend occurred during the years when the public was advised to limit dietary fat: food companies substituted sugars for fat in many processed foods, resulting in the adverse metabolic consequences of highly refined carbohydrate diets. People increased their caloric intake from refined carbohydrates and the prevalence of obesity rose.  The US Dietary Guideline Advisory Committee noted in 2000 that 

“an increasing prevalence of obesity in the United States has corresponded roughly with an absolute increase in carbohydrate consumption.”102
In the US, the major contributor to reductions in the percent of calories from fat was not a reduction in the numerator (absolute fat intake), but an increase in the denominator (total caloric intake). For instance, absolute fat intake decreased by only 5% in men, while relative fat intake declined by 11%. In women, the difference was even starker: absolute fat intake actually increased by 11% while relative fat intake declined by 9%. The increase in total calories reflected increased refined carbohydrate consumption despite relatively stable or declining absolute fat consumption103,104.  This may have been influenced by the effective marketing of low-fat foods, as well as by the US government food pyramid, which suggested that low-fat foods could be eaten without any concern105. People also may eat larger amounts of low-fat foods; some suggest that fat intake is related to satiety, providing a biologically plausible rationale that the recommendation to choose lower-fat foods could have led to increased energy consumption.106
As pointed out by Marantz et al.107, dietary guidelines may thus have unpredicted effects, through the complexities of public perception, marketing, and behavioural changes.  Since some changes may be beneficial and some may be detrimental, the net effect of these changes may be either harmful or helpful; the outcome cannot be predicted in advance.  They argued vehemently that given the potential impact of even minimal harm and the unpredictable effects on multiple intermediate outcomes, dietary guidelines should not be issued without sufficient evidence.  
Rather than impugning the validity of the advice to moderate dietary fat intake, as some suggest, the concurrent increase in energy consumption in the wake of this advice underscores the need for the public health community to modify its message.  Clearly, it is necessary to look at the complete dietary picture and not just a single nutrient or food, and to do more to address caloric intake, portion size, inactivity, and other contributors to obesity and chronic disease.   Messages about fat, for example, need to be accompanied by messages about caloric balance and must deal more adeptly with complex issues.  For example, care must be taken to: differentiate between “good” and “bad” fats and “good” and “bad” carbohydrates; present nutrition advice in the context of foods and diets; bring food industry marketing messages into closer alignment with healthy dietary practices; tailor dietary advice to the needs of minority and low-literacy populations; and restructure the eating environment to promote more healthful dietary choices.108
In the UK, for example, the government’s Five-a-Day fruit and vegetable campaigns only stress the

importance of consuming fruit and vegetables—they make no suggestion that these should be consumed as snacks instead of, for example, chocolate or crisps. The same holds true for the Free School Fruit scheme, which is currently only being made available to very young children aged between four and six.
Observation of populations with a disproportionate number of lean and healthy elders, suggests that fat intakes of 35% of energy, as advocated by UK dietary guidelines, may still be too high, particularly if more than one-third of that is comprised of saturated fats.  Fat intakes of 25% and below, with less than 10% saturates, are more typical of societies with low levels of obesity109.  The important point is that the difference in total energy is made up by inclusion of complex carbohydrates in the form of whole grains, vegetables, fruit, nuts and seeds, rather than by refined carbohydrates in the form of sugar and white flour products.
Carbohydrate Intake 
In the 1991 government dietary guidelines, carbohydrates are considered separately as sugars, starches and non-starch polysaccharides, or dietary fibre.  Sugars are classified into intrinsic (sugars naturally incorporated into the cellular structure of foods) and extrinsic sugars, usually referred to as non-milk extrinsic sugars (NMES).  Starches are alpha-glucan polysaccharides and are comprised of two major types of polymer: amylose and amylopectin.  Non-starch polysaccharides are the major component of the plant cell wall and are often resistant to digestion by man. 
In 1991, the Panel convened to review the dietary guidelines stated that they agreed with the conclusions of the COMA Panel on Dietary Sugars110 that there is no evidence that intrinsic sugars or lactose in milk have adverse effects on health.  They went on to say,

“Non-milk extrinsic sugars may favour the consumption of food energy, and in predisposed individuals may have undesirable metabolic effects, but are not directly related to the development of cardiovascular disease, essential hypertension, diabetes mellitus or behavioural abnormalities…the Panel agreed that non-milk extrinsic sugars should be limited (to 10 per cent of energy) because of their role in dental caries.”

With regard to starches, the guidelines do not specify whether some sources of starch are better for health than others and the Panel was unable to find any evidence of harm from high starch intakes in normal individuals.  The Panel therefore proposed that starches and intrinsic and milk sugars should provide the balance of dietary energy not provided by alcohol, protein, fat and non-milk extrinsic sugars, that is on average 37% of total dietary energy for the population.

Research conducted in the last decade has shown clearly that, contrary to the COMA panel’s conclusions, there is indeed a relationship between carbohydrate intake and obesity, diabetes and heart disease.111,112,113
When foods containing the same amount of starch from different sources are fed to healthy subjects, the subsequent rises in blood glucose and insulin vary depending on the type of starch and its processing.  The Glycaemic Index (GI) was developed as a measure of the speed with which a carbohydrate increases blood glucose114.  The Glycaemic Load is the amount of carbohydrate in a food multiplied by the Glycaemic Index.  One general trend apparent in the GI tables is that products made from refined grains, such as white bread and crackers, have a rapid and strong influence on blood sugar.  Those foods that are unrefined and in their natural form, such as whole-grain breads and cereals, have relatively lower GI values, as do beans, vegetables and fruits.  Eating whole grain products helps keep the body’s blood sugar control system well-regulated.  

In the Nurses’ Health Study and the Health Professionals Follow-up Study, participants who ate the most cereal fibre from grains (about 7.5 grams per day - the equivalent of a bowl of oatmeal and two pieces of whole-wheat bread) - were 30% less likely to develop type 2 diabetes than those who ate the least whole grain fibre (less than 2.5 grams per day).  The combination of low cereal fibre and high Glycaemic Load more than doubled the risk of developing diabetes.115
Other research from the Nurses’ Health Study looked at the link between intact grains and heart disease.  Women who reported eating the most intact grain foods, an average of 2.5 servings per day, were 30 % less likely to develop heart disease than women eating the fewest, about 1 serving per week.116
A meta-analysis published in 2008 showed that low-GI and/or low-GL diets are independently associated with a reduced risk of certain chronic diseases.  In diabetes and heart disease, the protection is comparable with that seen for whole grain and high fibre intakes. The findings support the hypothesis that higher postprandial glycaemia is a universal mechanism for disease progression.117
The government dietary guidelines and the “Eat Well” advice from the Food Standards Agency suggest that the more starchy foods consumed the better, especially if we eat them in place of fats.  For most people, this means eating white bread, potatoes, white pasta and white rice.  This simplistic message glosses over the fact that some carbohydrates are good for us and some are not.  Digging down into the Food Standards Agency web-site, the following advice can be found:
“Starchy foods such as bread, cereals, rice, pasta and potatoes are a really important part of a healthy diet. Try to choose wholegrain varieties whenever you can. “ 
It does not explain why whole grain varieties should be chosen whenever possible, or stress the adverse effects on health of over-consumption of refined carbohydrates.

Carbohydrates probably contribute more to weight maintenance or weight gain than any other nutrient.  Through their control over blood sugar, they have a critical influence over the development of diabetes, one of the fastest-growing chronic diseases in the world118. Evidence suggests that the type of carbohydrate in the diet may be as important as the type of fat in the development of heart disease, or protection against it, something largely ignored by the popular media.119
Eating rapidly digested starches, like those in white bread, potato or white rice, causes a swift, high spike in blood sugar followed by an equally fast fall.  This blood sugar roller coaster – and the insulin one that shadows it – triggers the early return of hunger pangs.  These starches are implicated as part of the pathway to heart disease and diabetes.  The harmful effects of rapidly digested carbohydrates are especially serious for people who are overweight and not physically active.

The carbohydrates in whole grains, such as oats or brown rice, in foods made with whole grains, like whole-wheat pasta, or in beans and vegetables, have a slow, low and steady effect on blood sugar and insulin levels.  This helps us to feel full for longer and prevents hunger returning too quickly.  Whole grains and other sources of slowly-digested carbohydrates also provide important fibre, vitamins and minerals.  They also protect us from heart disease and diabetes.  These are the carbohydrates that should form the keystone of a healthy diet and, indeed, are the carbohydrates emphasized by some of the healthiest populations in the world.

Protein Intake
Less is known about protein in healthy diets and the role it plays in the onset of disease than is known about fats and carbohydrates.  Most of the focus has been on the minimum amount of protein that children need for healthy development and that adults need to prevent tissue breakdown.  Less attention has been given to questions like how much protein is best, if it matters whether the protein comes from animal or vegetable sources, or whether a high-protein diet is better for controlling weight than a low-fat, high-carbohydrate diet.
The latest dietary guidelines from the US Institute of Medicine set the recommended intake of protein at 0.8 grams per kilogram of body weight.  This would mean 50 grams of protein for a 10 stone (63.5 kg) person and almost 65 grams for a 12½ stone (81.6 kg) person.  The UK dietary guidelines set in 1991 are in line with this.
The Food Standards Agency “Eat Well Plate”120 indicates that all sources of protein – meat, fish, eggs, beans and other non-dairy sources – are interchangeable.  It also illustrates milk and dairy products as a separate category of food that we apparently require in addition to the other protein sources.  All of these foods are indeed excellent sources of protein but not all are equally beneficial when you look at the whole “protein package”.
Red meat, for example, is a poor protein package because of the saturated fat and cholesterol that are often present.  Neither the 1991 dietary guidelines, nor the Food Standards Agency “Eat Well” advice mention that there is now convincing evidence that red meat consumption increases the risk of colon cancer and that cancer experts recommend limiting intake to 500 grams per week121.  Red meat may also provide too much iron in a form the body absorbs whether it is needed or not.  Excess iron has the potential to cause adverse effects, in particular, promotion of free radical damage and the risk of cardiovascular disease122 and cancer.123
Chicken and turkey provide less saturated fat, as does fish, which also provides beneficial unsaturated fats. 
UK and US government dietary guidelines advise pregnant women to limit mercury-containing fish in their diets.  Research conducted in the last few years has provided evidence that this guideline may have the unintended consequence of depriving foetuses of essential nutrients124. Although excessive mercury intake during pregnancy can harm the neurological development of foetuses, studies have found that nutrients in fish, such as omega 3 polyunsaturated fatty acids, may play a critical role in an infant's neurocognitive development125.  Mothers who ate more seafood than the US guidelines (340 grams, or three portions a week) had children who were more advanced in development tests measuring fine motor, communication and social skills as toddlers, had more positive social behaviours and were less likely to have low verbal IQ scores at the age of eight. Those children whose mothers had eaten no fish were 28 % more likely to have poor communication skills at 18 months, 35 % more likely to have poor fine motor coordination at age three and a half, 44 % more likely to have poor social behaviour at age seven and 48 % more likely to have a relatively low verbal IQ at age eight, when compared with children of women who ate more than the US guidelines advised.

Beans and nuts have some advantages over animal sources of protein, providing fibre, vitamins, minerals and healthy unsaturated fats.  
The implication that dairy products are essential for health is also unsupported by scientific evidence.  We need calcium, not dairy products per se.  As children, we are exhorted to consume dairy products in order to build strong bones.  Meta-analyses show, however, that the rate of hip fracture is not reduced with higher calcium intake126, indeed, the countries with the highest rates of hip fracture tend to have the highest consumption of dairy products.127
High protein consumption has been linked to a number of chronic diseases, including cancer and heart disease, but the evidence is equivocal.  It is, however, well-established that the more protein consumed, the more calcium excreted, and this has been linked to an increase in bone fracture128.  Populations consuming vegetarian diets containing, on average, lower protein intakes than other groups, may exhibit lower blood pressure and there is firm evidence that excessive dietary protein contributes to deterioration of renal function in patients with renal disease.129
Prior to and during the Second World War, protein intake in the population was a concern and growth of children and young adults was restricted by inadequate availability of protein.  Nowadays, food is abundant and relatively cheap, so meeting minimum protein requirements is relatively easy in developed countries.  Indeed, the last national dietary survey indicated that average daily protein intake in the UK is in excess of 70 g.  Nevertheless, there continues to be a focus on ensuring adequate protein intake in the diet on the part of health professionals, at the expense of ensuring adequate intake of other important dietary components, such as the essential fats.  More research needs to be conducted on the effects of high protein intake on health.
Micronutrients
Controversy regularly arises about government guidelines on micronutrient intake.  The emphasis of the 1991 dietary guidelines is predominantly on quantities of micronutrients required to prevent deficiency diseases.  It is often argued that much higher intakes of some of the micronutrients are required to ensure long-term health.130
Linus Pauling, for example, was convinced that high intakes of vitamin C are useful to prevent the common cold and in the treatment of cancer and argued that the government guideline should be increased131.  Other studies have found no evidence of a beneficial effect of high dose vitamin C in preventing or treating cancer132.  Due to the equivocal nature of the evidence, the UK dietary guidelines on vitamin C remain at levels designed to prevent scurvy. 
In June 2007, the Food Standards Agency (FSA) recommended to UK Health Ministers fortification of a food (bread or flour) with folic acid in order to reduce the number of pregnancies affected by neural tube defects (NTDs). The recommendation, which was based on advice from SACN, was with the proviso that there are controls on voluntary fortification and clear guidance on the appropriate use of supplements containing folic acid. In October 2007, the Chief Medical Officer of England requested consideration of two papers by Cole et al (2007)133 and Mason et al (2007)134, suggesting that folic acid may increase the risk of colorectal cancer; these had not been published at the time of the SACN report.  No official position statement has yet been released by the UK government on this issue.  It is however likely that mandatory fortification will only be introduced with controls on voluntary fortification and guidance on supplement use, and that restrictions on voluntary fortification will be strengthened, by legislation if necessary, if mandatory fortification is introduced.  
Folic acid fortification is possibly another example of the application of dietary guidelines having unintended and adverse consequences on public health.  It further highlights the need for more funding to be directed to the generation and evaluation of high quality scientific evidence on the link between diet and health.

Politics and Dietary Guidelines
This review has demonstrated that UK government guidelines shifted markedly during the 20th century.  The need to ‘eat more’ to prevent nutrient deficiencies became particularly evident during the Second World War, when large numbers of military conscripts were revealed to suffer from poor nutritional status.  Protein was emphasized, particularly protein from animal sources.

In the 1950s, scientists increasingly recognized that chronic diseases had replaced deficiency diseases as the principal diet-related health problems, and that advice should be emphasising ways to reduce risks for heart disease, certain cancers, stroke and diabetes.

By the 1970s and 1980s, dietary recommendations were beginning to focus on reducing intake of energy, fat, saturated fat, cholesterol, sugar, salt and alcohol, whilst increasing intake of foods containing complex carbohydrates and fibre.  
It was no accident that this advice was phrased in terms of nutrients, not foods, as the message to ‘eat less’ proved highly controversial, particularly in the USA135.  The principal sources of ‘eat less’ nutrients in US and UK diets are meat, dairy and processed foods.  In order to meet the dietary guideline to consume at least 50 % of dietary energy from complex and simple carbohydrates, it is necessary to replace energy from animal foods with energy from plant foods.
Scientists have objected to the research basis of such recommendations, and clinicians to their applicability to individuals with no known chronic disease risk factors.  The strongest objections, though, have come from food producers and companies concerned about the effect of such advice on their sales.  Overproduction of energy in western agriculture explains why companies do everything possible to encourage individuals to consume more of their products.  Professor Colin Campbell of Cornell University provided a courageous exposé of the pressures that may be brought to bear on those formulating dietary recommendations in his book, “The China Study”136.  In the 1970s in the USA, protests by meat producers led the government to change its initial advice to ‘eat less meat’ to the current ‘choose two or three servings per day’.  In the US Food and Nutrition Board (FNB) report published in 2002, nutrient recommendations are presented as ranges instead of single numbers, as was the practice before that date.  The news release announcing the new US guidelines stated:

“To meet the body’s daily energy and nutritional needs while minimising risk for chronic disease, adults should get 45 % to 65 per cent of their calories from carbohydrates, 20 to 35 per cent from fat and 10 to 35 per cent from protein….added sugars should comprise no more than 25 per cent of total calories consumed…added sugars are those incorporated into foods and beverages during production (and) major sources include candy, soft drinks, pastries and other sweets.”137
In 2002, the World Health Organisation published their report on diet, nutrition and the prevention of chronic disease138.  During the drafting of this report, they were rumoured to be recommending an upper safe limit of 10% for added sugar, far lower than the 25 % advocated by the Food and Nutrition Board in the US.  According to a news release from the director-general’s office at the WHO, the US-based Sugar Association and the World Sugar Research Organisation, who represent the interests of the sugar growers and refiners, mounted a strong lobbying campaign to discredit the WHO report and suppress its release.  WHO personnel described the threat as “tantamount to blackmail and worse than any pressure exerted by the tobacco industry”.  

In the UK, nearly identical battles have been documented139 and we continue to witness these pressures today, as evidenced by the Food Standards Agency’s current public health campaign to reduce the intake of saturated fat in the diet, which expressly avoids suggesting reducing meat or dairy intake.140
On top of this, political forces in agriculture and the production of food have a significant influence on the ease with which dietary guidelines can be implemented on a population basis.  The food system provides little incentive to promote consumption of low value-added farm products.  The European Union Common Agricultural Policy (CAP), through its subsidies for withdrawal and destruction of good quality fruit and vegetables to maintain prices, consumption aid for butter, consumption aid for high fat milk products in schools, and subsidies to promote sales of high-fat milk products and wine, contributes substantially to the low price of unhealthy food and the higher prices of healthier food141.  According to Tim Lobstein of the Food Commission:

“Food supply is a lot of the push towards why our diets have been shifting over the last few years. The surplus amounts of sugar and butter and vegetable oils, which have been created under the Common Agricultural Policy, have to find a home somewhere. Surplus foods are disposed of and destroyed but the extra fats and oils all go into our food supplies.”
There are wider economic, ethical and environmental considerations too.  If dietary guidelines were followed, for example, a reduction in fat intake would result in a 36 % decline in demand for soybean and a loss of 5 million hectares devoted to soybean production in the US.  Adverse effects on the local economies of countries exporting tropical oils to the US could also be expected.  A reduction in meat production would increase the efficiency of agricultural production, requiring less grain to be produced in total.  This may have positive consequences for global environmental issues such as carbon emissions, but could have disastrous economic consequences for particular countries.  US economists estimate that following the dietary guideline on sugar would cause a loss of 0.28 million hectares of sugar cane and 0.45 million hectares of sugar beet.  Sugarcane production in the US is concentrated in the southern states, where cane fields employ migrant workers from the Caribbean under conditions that raise human rights concerns.  Such jobs, however, would be lost if the cane fields were reduced in size.  Florida sugar production is believed to be responsible for blocking the free flow of water into the Everglades, causing erosion and contamination.  A decline in sugar intake would also affect maize production, as corn syrups account for more than half the total energy-containing sweetener consumption142. The agricultural sector has the capacity to support healthier diets but doing so might involve difficult trade-offs.143
Summary and Conclusions
Exploration of the origin and development of government dietary guidelines reveals that the aims of dietary standards and guidelines have changed over time.  

Initially, they were proposed as a guide for preventing scurvy; then for preventing diseases associated with starvation; then to feed the army and the nation; then to maintain health and working capacity; then to integrate health and agriculture; and finally to maintain ‘perfect’ health into advanced old age.  

In the last century, life expectancy has increased dramatically.  This fact has changed the entire landscape for dietary guidelines.  Our ancestors needed to eat enough to enable them to grow and reproduce.  In Paleolithic times, people died when they were in their mid-thirties.  Now in the 21st century, we have the knowledge and technology to keep ourselves alive for well over 100 years, in spite of the fact that our environment is more toxic than it has ever been.  This calls for long term nutritional strategies to minimise the development of chronic diseases, such as type 2 diabetes, heart disease and cancers.  

The scientific consensus is that eating more plant foods and less animal foods would best promote healthy longevity.  This consensus is based on research relating dietary factors to chronic disease risks, and to observations of exceptionally low chronic disease rates among people consuming vegetarian, Mediterranean and Asian diets.
Results from National Diet and Nutrition Surveys reveal that the UK population is struggling to come close to achieving this dietary model.  As a consequence, the population is suffering disproportionately from chronic diseases such as obesity, diabetes, heart disease, stroke and cancer.  A similar scenario is observed in the US and other developed nations.  The lack of compliance with dietary guidelines is due to a complex set of cultural, social, economic and environmental factors.

Devising and following dietary guidelines is, therefore, not just a matter of achieving scientific consensus, but also requires consideration of economic, political, social and environmental issues.  Increasing plant food consumption to recommended levels would affect agriculture and the environment in complex ways, some beneficial but others likely to be undesirable.  Some agricultural economists believe that the necessary changes would be so expensive and disruptive that they will create impossible political barriers.  They suggest that the food supply be improved through biotechnology, nutrient fortification and the development of ‘functional’ foods with added nutritional value.  Such proposals raise scientific, environmental and ethical dilemmas of their own.144
If public health is to be improved, a multi-faceted approach needs to be taken and new and more creative policies are required to encourage plant food consumption.
We need direct, unambiguous dietary guidelines based on more solid scientific evidence than has been the case to date.  It is 18 years since the current UK dietary guidelines were published and, in the light of new evidence, we know that some of the recommendations need changing and some need strengthening.  It is concluded that a detailed review of UK dietary guidelines is urgently required.
We have learnt from experience that public health actions based on dietary guidelines may have unpredicted consequences, resulting from the complexities of biological systems, public perception, marketing, and social and behavioural changes.  The desire to promote a simple message to the public must be balanced by ensuring that consideration is given to the complete dietary picture and not just a single nutrient or food type.  We must not shy away from explaining complex dietary messages, such as the difference between the types of carbohydrates and their effects on blood sugar; the challenge is to do this using simple language and on a wide enough scale to effect change towards healthier eating habits at a population level.
Food and nutrition policy and guidelines need to embrace decision-making along the whole food supply chain, from supply of agricultural inputs, primary production, food processing, food distribution, food retailing and food advertising, to consumption145.  We need to move from a food and agriculture system driven purely by a desire to produce large quantities of cheap food, to one which also considers human health and the environment.
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Jane Philpott is a Dietary Educator and Analyst as well as holding an MA (Oxon), MSc and PhD in the Life Sciences.  She spent 22 years researching and working on the global production of food in academia and industry, before beginning her training to degree level as a Nutritional Therapist.  Jane has also trained as a cookery teacher and runs popular “Cooking For Health” courses throughout the year in Somerset.  Jane has provided training and consultancy on nutrition and healthier catering for local authorities in the south west of England.  She is currently involved in a collaborative project with the local councils and the NHS Primary Care Trust in Somerset aimed at improving the nutritional quality of children’s menus in independent catering businesses, funded by the Food Standards Agency.  She was also responsible for implementing an in-house hot lunch service in a Somerset primary school, so has considerable expertise in children’s nutrition, school food standards, food hygiene legislation and other aspects of setting up and running a catering business.  Jane provides confidential, professional expertise and advice on how to transform health and well-being through implementing changes to diet and lifestyle.  She is currently working towards a BSc in Nutritional Therapy, which is accredited by Middlesex University and BANT (British Association for Nutritional Therapists).  For further information about the “Cooking for Health” classes, see �HYPERLINK "http://cookingforhealth-uk.com"�http://cookingforhealth-uk.com� or email janekphilpott@googlemail.com.
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