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1. Summary of the impact
Dietary fat plays an important role in the causation of cardiovascular disease (CVD). Using
randomized controlled trials of dietary fat modification, King’s College London researchers have
provided information about the effects of specific fatty acids on CVD risk which the Food Standards
Agency have used to inform its policy decisions and future research strategy. The research also
contributed to the development of international guidelines on the intakes of specific types of fatty
acids and helped the food industry reformulate fats to be low in trans fatty acids. This research has
also had an impact on dietary advice given by health professionals, the media and patient groups.
2. Underpinning research
Historically, saturated fatty acids (SFA) were regarded as having adverse effects; polyunsaturated
fatty acids (PUFA) having positive effects and monounsaturated fatty acids (MUFA) (mainly oleic
acid) as being neutral on cardiovascular disease (CVD) risk. However, more recently, emphasis
has shifted onto adverse effects of the unsaturated trans fatty acids (TFA) and refined
carbohydrate. The optimal strategy to replace energy from SFA and TFA is unclear as there is
uncertainty to the effects of dietary fat modification on CVD risk factors including clotting factors
and vascular function, as well as dyslipidaemia, characterised by raised plasma triglycerides,
reduced high density lipoprotein cholesterol (HDL-C) concentration and a predominance of small,
dense low-density lipoprotein (sdLDL). In collaboration with the food and pharmaceutical
industries, King’s College London (KCL) researchers, led by Prof Tom Sanders (1977-present,
Professor of Nutrition & Dietetics), Dr Sarah Berry (2004-present, Lecturer) and Prof Phil
Chowienczyk (1999-present, Professor of Cardiovascular Pharmacology), have conducted largescale dietary intervention studies in people at risk of CVD to address important questions about the
level and type of fat.
KCL has been at the forefront of evaluating the effects of fats, especially TFAs, on CVD risk
including indices of haemostatic function (elevated fibrinogen and factor VII pro-coagulant activity
(FVII(c)), decreased fibrinolytic activity and endothelial function) and features of the metabolic
syndrome, which is related to CVD risk. In one study using a crossover design, 29 healthy men
were fed a TFA-rich diet supplying 10% energy as trans-MUFA, followed by diets where TFA were
replaced with carbohydrate or oleate, a cis-MUFA. This confirmed adverse effects of trans-MUFA
on HDL-cholesterol concentrations in that when participants were switched from the trans-MUFA
diet there were falls in the ratio of LDL-C:HDL-C by 11% with carbohydrate and 6% with cis-MUFA.
However, no specific adverse effects of TFA on haemostatic risk markers for CVD in healthy young
men were shown (1). These findings were extended by the five-centre (Reading, Imperial, Surrey,
Cambridge, and Kings) RISCK study. This was an important study in that it involved a large group
– 548 men and women, 35-70 years – with features of the metabolic syndrome and not just healthy
subjects. The 24-week dietary intervention compared a high or low glycaemic index diet, coupled
with either a low-fat or high-MUFA component. The study did not find an effect of fat modification
on insulin sensitivity but did show that replacing SFAs with MUFA lowered LDL-C:HDL-C
compared with replacement with carbohydrate, underpinning advice to replace SFA+TFA with
MUFA (2).
Research from KCL, among others, connecting TFA with increased CVD risk led to widespread
agreement on the need to minimise intake. TFA produced from partial hydrogenation of vegetable
fats were being used to make high melting point fats, key ingredients in the manufacture of some
baked goods and margarine. The food industry has sought to replace these TFA by employing a
technique called interesterification. This alters the triglyceride structure to increase melting point
without changing fatty acid composition. KCL has led on the evaluation of the effects of
interesterified fats on CVD risk. Using acute test meal studies (3-5), they showed that stearic acid,
an 18 carbon SFA present in high melting point fats, had more favourable effects than cis-MUFA or
trans-MUFA on postprandial lipaemia, a process associated with atherosclerosis, and activation of
FVII pro-coagulant activity, a process associated with thrombosis and increased risk of fatal CVD.
This refuted previous assertions that stearic acid was thrombogenic. In a chronic feeding study,
interesterified fats rich in stearic acid had no effect on LDL-C:HDL-C, insulin sensitivity and blood
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pressure, showing that interesterified fats rich in stearic acid are neutral with regard to CVD (5).
KCL research has also contribution to understanding the role of omega-3 or n-3 PUFAs in CVD
risk. In the 1980s they showed that high intakes of long-chain n-3 PUFAs decreased plasma
triglycerides and hepatic triglyceride synthesis but paradoxically increased LDL apolipoprotein B
concentrations, particularly in hypertriglyceridemic individuals. However, in a study in collaboration
with Surrey University of 268 men and women aged 50-70, intake of 1-2 portions of oily fish a
week, providing about 1.4g/d of a mixture of eicosapentaenoic acid (EPA) and docosahexaenoic
acid (DHA), was found to lower both fasting and postprandial triglycerides levels by 11.1% and
7.2% and the proportion of sdLDL by 12.7%, however this did not affect clotting factors or insulin
sensitivity (6,7). To investigate whether fish oil could be replaced by a DHA-rich algal oil, which is
more sustainable and can be consumed by vegetarians, KCL researchers conducted a randomized
control, crossover trial of treatment with 0.7 g purified DHA/d of algal origin for 3 months in 38
healthy men and women (40-65 years). This too showed a 7.1% increase in LDL-C and a 3.4%
increase in apolipoprotein B concentration compared with placebo, stimulating public debate as to
whether DHA supplements do, in fact, contribute to reduced risk of CVD (8).
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 1994-7. Sanders TAB (PI), Miller GJ. The influence of dietary fatty acids on procoagulant and
fibrinolytic activity. Ministry of Agriculture Fisheries and Food (MAFF), Diet and Cardiovascular
Health Programme: £263,000
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 1999-2001. Sanders TAB (PI), Chowienczyk P, Ritter J. Clinical trial of docosahexaenoic acid
on endothelial function. Merck Darmstatd: £99,951
 2000-2003. Sanders (PI). Quantification of the Optimal n-6/n-3 Ratio in the UK diet.
MAFF/Food Standards Agency 01-Apr-2000/ 31-Mar-2003 Value to KCL £985,511.
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4. Details of the impact
Cardiovascular disease (CVD) remains a major public health concern. KCL research has
contributed to the formulation of dietary fat advice to reduce CVD risk and has had impacts on
public health policy and dietary guidelines; on the food industry with regard to reformulation of
dietary fats to replace trans fatty acids (TFA) and has contributed to public debate and education.
Public health policy and dietary guidelines
In working towards its key strategic aim to reduce diet-related disease, the government’s Food
Standards Agency (FSA) commissions research into diet, nutrition and CVD. In 2007, the
Secretary of State for Health requested advice from the FSA on the evidence in relation to the
health effects of TFA so that it could be determined whether current population dietary advice (a
maximum of 2% energy) on TFA should be revised. As such, the UK Scientific Advisory Committee
on Nutrition (SACN), a group of independent experts who provide advice to Public Health England
as well as other government agencies and departments, was tasked to produce an ‘Update on
trans fatty acids and health,’ which it published in December 2007. This contained reference to
KCL work, including Sanders 2000 and 2003 when discussing postprandial lipemia and
haemostatic function (1a). It concluded that TFA intakes were low and SFA reduction was a
greater priority. The Scottish Food Standards Agency adopted a similar stance on TFA in February
2008, citing SACN’s advice “that the maximum average intake of TFA should be no more than 2%
of a person's total food energy” (1b).
Due to his expertise in the area, backed by KCL-led studies, in November 2008 Prof Sanders was
invited to be a member of the World Health Organization (WHO)/Food and Agricultural
Organization (FAO) Expert Consultation on Fats and Fatty Acids In Human Nutrition. This resulted
in the publication of a 2009 report that forms the basis for international guidelines on TFA intakes
used by both governments and industry (1c). Many of the KCL references detailed above are cited
in the report. For instance, they cite Sanders 2001 when discussing how meals high in fat result in
postprandial lipemia, with a variable effect of stearic-rich fats. They also utilise this reference, along
with Sanders 2006 and Berry 2007, when discussing how meals high in fat, and more particularly
MUFA, increase FVIIa. When discussing fish oil and omega-3 fatty acids, they cite Theobald 2004,
Sanders 2006 and Griffin 2006. Contrary to the UK report (above), this one concluded that TFA
presented a greater CVD risk than SFA and that the elimination of artificial TFA should be a key
priority. This guideline recommended that TFA intakes should be no more than 1% energy and as
low as possible and noted that stearic acid appeared to be neutral with regard to CVD risk. As
such, the Secretary of State for Health changed UK policy by making the elimination of artificial
TFA a key target in the Responsibility Deal in 2011(1d).
Impacts on Industry
Industrial users (e.g. Unilever PLC, Archer Daniel Midland PLC and Cultor Food Science) were
consulted and involved at the planning stage of KCL studies and provided fats and oils for the
studies. The impact of policies to eliminate artificial trans fats adopted by the Department of Health
as part of the Responsibility Deal posed a particular challenge for the industry. To replace TFA,
they needed to find alternative methods of hardening fats to provide the functionality required to
make certain foods. One such technique was interesterification and KCL research on such was of
value to industry because it showed none of the adverse effects of trans fats with stearic acid-rich
interesterified fats. KCL findings were communicated to non-academic users in the food industry by
the Food and Drinks Federation Biscuits Cakes and Chocolate Confectionery Alliance in 2009 (2a),
Leatherhead Food Research Association in 2010 (2b) and the International Life Science Institute
North America in 2012 (2c).
Other impacts on the food industry include that the Greek company D. Genomeres Medical
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Research produce a standard meal – called LIPOTEST meal – aimed at healthcare professionals
to perform a Fat Tolerance Test on their patients for postprandial triglyceride level determination.
The company cites Berry 2007 among the references they used to discuss the fat tolerance test
(2d) and in the test patent (2e). On the basis of KCL work, Prof Sanders was also appointed by the
Malaysian government to be a member of the Programme Advisory Board of the Malaysian Palm
Oil Board (2008-2013) to advise on research on palm oil.
Impacts on public debate and education
The British Nutrition Foundation (BNF) is a charity who advances the education of the public and
those involved in training and educating others in nutrition. They also help advance research into
nutrition, and dissemination of such, for the public benefit. Prof Sanders is a Trustee and Scientific
Governor of the BNF and gave the BNF Annual Lecture in 2009 on the Role of Fat in the Diet in
which the results of the research cited was disseminated to the food industry, media and general
public (3a). The findings of the RISCK study (Jebb 2010) were also disseminated in the BNF
Bulletin and Sanders contributed to a 2008 BBC Radio 4 Case Notes report on the study (3b).
HEART UK is charity with an aim to prevent early death caused by high blood cholesterol. Prof
Sanders, who is Honorary Nutritional Director and a member of the charity’s product approval
committee, has communicated the research findings to patient groups at annual meetings (3c).
KCL research showing that DHA supplements raised total and LDL cholesterol questioned the
value of taking dietary supplements of n-3 long-chain PUFAs as opposed to eating moderate
amounts of fish. These findings have contributed to debate in the media (3d: Daily Mail, 15
November 2012), popular science magazines (3e: New Scientist, May 2010) and, further afield, a
US website nutraingredients-usa.com (3f).
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