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Update on trans fatty acids and health

Preface

The purpose of this position statement is to consider recent evidence regarding
the health effects of trans fatty acids (trans FA) in order to determine whether
current population dietary advice on trans FA should be revised. The review arose
from a request from the Secretary of State for Health to the Food Standards
Agency for advice on the evidence in relation to the health effects of trans FA.

In its report on the Nutritional Aspects of Cardiovascular Disease (1994) the
Committee on the Medical Aspects of Food and Nutrition Policy (COMA)
concluded that there was sufficient evidence for an association between trans FA
intakes and coronary heart disease (CHD) and for adverse effects on circulating
lipoprotein concentrations, to recommend that the average population intake of
trans FA should not exceed 2% food energy. This recommendation is the basis for
current dietary advice on trans FA intake.

During the 1990s, reports from prospective cohort studies provided further
evidence for an association between trans FA intakes and CHD. A number of well
controlled dietary intervention studies also consistently confirmed trans FA to
have adverse effects on serum lipoprotein profiles. This evidence, as well as that
relating to potential associations between trans FA intakes and other disease
states, were reviewed in the early 2000s (WHO & FAO, 2003; European Food
Safety Authority, 2004) and in its Expert Consultation report, the WHO
recommended that population goals should be to achieve trans FA intake levels
less than 1% energy.

At a horizon scanning meeting in 2003 SACN considered the need for an updated
risk assessment on the health effects of trans FA and agreed that the original risk
assessments made by COMA in 1994 remained appropriate at that time.

The SACN Framework for the Evaluation of Evidence (SACN 2002) was used as the
basis to identify and assess evidence published on CHD since the EFSA report
(2004) and WHO/FAQ Expert Consultation report (2003) and to review evidence
for the other main diseases considered here (cancer, obesity, diabetes). The
evidence base was mainly restricted to retrospective and prospective
epidemiology and randomised, controlled trials in humans. In the epidemiology,
measures of exposure included both direct measures of dietary trans FA intakes,
as well as levels of trans FA in blood and tissues, which are taken to provide
surrogate biomarkers of trans FA intakes. In drawing conclusions and making
recommendations this report also takes into account recent re-estimates of trans
FA intakes in the UK based upon reported consumption data from 2000/01
(Henderson et al, 2003) and new food composition data recently provided by
industry.
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The review concludes that there is sufficient evidence upon which to base a risk
estimate for trans FA and CHD, but not for other diseases. It endorses the 1994
COMA recommendation, that the average trans FA intake should not exceed 2%
of food energy, since there is currently no firm scientific basis for its revision. The
review also concludes that there are inadequate data to demonstrate that trans
FA from different dietary sources have differential effects upon CHD risk or
lipoprotein profiles.

| would like to note that, as a result of the deadline given by the Minister, this
review of the health effects of trans FA was carried out in an extraordinarily short
period. Therefore, while the SACN Framework for the Evaluation of Evidence
(SACN 2002) was used as the basis for identifying and assessing evidence included
in the review the final report has not been subject to public consultation.
Consultation is an important part of the process by which SACN normally carries
out its work in an open and transparent fashion and it should not be omitted
other than in exceptional circumstances. Furthermore, the speed of the report’s
preparation has severely limited the opportunity for mature reflection and deep
cogitation.

It is also noteworthy that this is the first time a SACN report has been prepared
by experts outside the SACN Secretariat and |, along with the Secretariat and
other members of the Committee, will reflect upon the process and consider
how this approach might be used usefully in future. The review upon which this
position statement is based was conducted by Professor Christine Williams and
her colleagues Dr Anne Marie Minihane, Dr Abby Thompson and Dr Danielle Shaw
at the University of Reading. | would like to thank them for their work as, in spite
of the constraints placed upon them they have carried out a comprehensive and
rigorous review which enables the Committee to be confident in the advice on
the health effects of trans FA it now presents to the Food Standards Agency.

Professor Alan Jackson
Chair of the Scientific Advisory Committee on Nutrition
December 2007
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Summary

Background

In its report Nutritional Aspects of Cardiovascular Disease (Department of Health,
1994), the Committee on Medical Aspects of Food and Nutrition Policy (COMA)
concluded there was sufficient evidence for an association between trans FA
intakes and coronary heart disease (CHD) and for adverse effects on circulating
lipoprotein concentrations to recommend average population intakes of trans
fatty acids (trans FA) should not exceed 2% food energy. In October 2007, the
Food Standards Agency (FSA) in response to a request from the Secretary of State
for Health asked the Scientific Advisory Committee on Nutrition (SACN) to review
recent data on the health effects of trans FA, and to advise whether there is
sufficient evidence to make a recommendation that all individuals in the
population should consume less than 1% food energy as trans FA. The review was
also to consider whether, on the basis of present evidence, it is possible to
distinguish the health effects of trans FA from vegetable oil versus animal origin.

Methodology

The SACN Framework for the Evaluation of Evidence (SACN 2002) was used as the
basis to identify and assess evidence published on the health effects of trans FA.
The evidence base was mainly restricted to human epidemiological evidence and
data from randomised controlled trials (RCTs), with limited animal and cell studies
evidence included as appropriate. In the epidemiology, measures of exposures
included direct measures of dietary trans FA intakes, as well as levels of trans FA
in blood and tissues, which are taken to provide surrogate biomarkers of trans FA
intakes.

The main focus was an examination of the evidence for an association between
trans FA and CHD published since the World Health Organization/Food and
Agriculture Organisation (WHO/FAO) Expert Consultation Report and the
European Food Safety Authority (EFSA) Report in 2003 and 2004, respectively.
The evidence relating trans FA intake to cancer, obesity, diabetes and other health
concerns was also evaluated.

Trans FA in the UK food chain

Trans FA are unsaturated fatty acids (FA) found in the food chain, with one or
more of their double bonds in the ‘trans’ orientation rather than the common ‘cis’
configuration. This altered double bond configuration has an impact on both the
physiochemical and functional properties of the FA, with consequences for their
metabolism in vivo.
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5. Trans FA are naturally occurring at low levels in dairy products and meats from
ruminant animals. They may also be produced by the industrial hydrogenation of
vegetable oils to produce the semi-solid and solid fats that are widely used in
food manufacture (e.g. margarines, biscuits) and catering outlets.

6. The average adult (19-64 years) intake of trans FA in the UK was reported to be
1.2% food energy in the 2000/01 National Diet and Nutrition Survey (NDNS)
(Henderson et al, 2003). A 2007 estimation of intake, using dietary data from
2000/01 NDNS (Henderson et al, 2003) and new trans FA composition data
provided by industry, has given an estimated average value of 1.00% food energy
for current trans FA intake in the UK adult population (FSA, 2007).

Trans FA and health

Coronary Heart Disease

7. The prospective epidemiological studies reviewed here provide consistent
evidence of a moderate increase in risk of CHD over the range of trans FA intakes
similar to, or slightly higher than, those seen in the UK population. Well-
controlled RCTs have demonstrated adverse effects of trans FA on low-density
lipoprotein cholesterol (LDL-C), high-density lipoprotein cholesterol (HDL-C) and
total:HDL-C ratio, providing a plausible biochemical mechanism to explain the
pathophysiology underlying the prospective epidemiological findings. Studies
that have evaluated the impact of trans FA on other CHD biomarkers (blood
pressure, C-reactive protein (CRP), postprandial lipemia, lipid oxidation,
haemostasis, endothelial function and vascular inflammation), have generally
reported neutral effects, with inconsistency amongst the small number of studies
reported to date.

8. The ability to quantify the increased risk of CHD attributable to that percentage
of the general population currently consuming > 1% food energy as trans FA is
limited by: i) estimates of risk from epidemiology for quintiles of intake in the
region 1-2% food energy do not differ significantly from 1.0; ii) a lack of evidence
for a linear relationship between trans FA intake and CHD risk over the range of
1-2% dietary energy; and iii) RCTs that have evaluated the impact of varying
doses of trans FA on lipoproteins have not compared levels of intake between
1-2% food energy.

9. Extrapolation of the effect of trans FA on CHD risk using the pooled variance-
weighted risk from a meta-analysis of studies suggests that a 1% decrease in
energy from trans FA would be associated with a 12.5% decrease in risk of CHD
(Oomen et al, 2001). To achieve a situation in which all individuals in the UK
consumed < 1% food energy as trans FA, against a current average intake of 1.0-1.2%
food energy from trans fatty acids, would require an average reduction in intake
of 0.6% energy as trans FA. If this target were achieved there would be an
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estimated reduction in risk of CHD of approximately 5.0-7.5%. These estimates of
risk reduction require cautious interpretation as they are based on extrapolation
from prospective epidemiology, which have generally observed higher trans FA
intakes than the current UK levels and are based on the assumption of a linear
dose-response between trans FA intake and CHD risk. Evidence presented in this
report demonstrates a non-linear distribution of risk estimates at intake levels
relevant to the UK population (0.5- 2.5% food energy). This suggests that the
actual reduction in risk is likely to be less than 5.0-7.5%.

Cancer

There is weak and inconsistent evidence for a relationship between trans FA and
breast or colorectal cancer. Evidence for an association between trans FA and
prostate cancer is limited, but a recent large case-control study has shown a
strong interaction between risk and trans FA intake for a particular genotype that
makes up ~35% of the population. This potential association requires further
investigation. The single study on non-Hodgkin's lymphoma reported a strong
positive association, but only used a single assessment of dietary trans FA made
in 1980.

Weight gain and obesity

The evidence for a relationship between trans FA intake on risk of obesity or
increased weight gain is limited. A small number of studies have reported positive
associations between trans FA intake and gain in weight or waist circumference
over time. However, the effects observed are small, corresponding to an 8-year
weight gain of approximately 0.5-1.0 kg for an increase of 1% energy from trans FA.

Diabetes

The limited number of prospective cohort studies evaluating the effect of trans
FA intake on risk of diabetes have reported inconsistent results, with only one
study retaining statistical significance after adjustment. RCTs and meal studies in
healthy individuals have shown no effect of moderately high (2-5% energy) levels
of trans FA on insulin sensitivity or glucose tolerance. However, consumption of
unphysiological levels of dietary trans FA (20% energy) has been reported to
induce postprandial hyperinsulinemia in obese subjects with type 2 diabetes. An
acute meal study found a significantly higher insulin response following trans-
rather than cis FA-containing meals (10% dietary energy), and a small number of in
vitro studies using isolated pancreatic islets have observed a potentially negative
impact of trans FA on glucose-stimulated insulin secretion (GSIS).

Other health concerns

There is inadequate information from well-designed studies to support an
adverse effect of trans FA on early development. It is reported that the level of
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trans FA in plasma and tissue lipids is inversely proportional to the levels of long-
chain -6 polyunsaturated fatty acids (PUFA). This raises the possibility that,
indirectly, trans FA may interfere with the metabolism of essential fatty acids
(EFA), which are important in growth and development. The data require cautious
interpretation, as the use of FA compositional data from observational studies as
the basis for proposing effects of trans FA on long-chain w-6 PUFA metabolism
lacks rigour. This area requires further investigation by well-designed studies.

Trans FA intake has been considered as a potential risk factor for a number of
additional health issues. A single study found a significant positive relationship
between trans FA and gallstone formation. Positive trends have been reported for
trans FA and Alzheimer’s disease, cognitive decline and ovulatory infertility, but
these failed to reach statistical significance. Further research is needed before any
conclusions can be made regarding the effect of trans FA intake on these diseases.

Trans FA of animal and vegetable oil origin

A small number of early prospective studies provided some evidence to suggest
a more significant association between risk of CHD and dietary trans FA from
vegetable oil than from animal origin. However, more recent reports from the
same studies but with longer follow-up periods, as well as additional studies in
different cohorts, have mostly not reported separate associations for the dietary
trans FA from vegetable or animal origin. It is therefore concluded that at present
there is inadequate information for determining whether trans FA from different
sources have differential effects on disease risk.

It has been proposed that the levels of trans 18:2 and trans 16:1 in tissues and
blood may provide an indication of trans FA consumption from vegetable oil or
animal origin, respectively. The evidence regarding the robustness of this
approach is limited, and systematic validation is required before these biomarkers
can be used with confidence as a marker for intake of trans FA from different
sources.

Foods of animal origin that naturally contain trans FA (dairy products, beef, lamb)
are valuable sources of other nutrients, particularly protein, calcium and iron. The
proportion of trans FA derived from these food products is approximately 40-
50%, and this proportion is increasing as the trans FA levels in manufactured foods
fall. Any recommendation for further reductions in trans FA intakes should
consider the beneficial contribution these animal products make to overall diet
of the UK population.
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20.

21.

22.

Trans FA and saturated fatty acids (SFA)

To contextualise the impact of changes in trans FA on the diet as a whole, the
Committee have also briefly considered the current intake levels of SFA. Despite
the public health recommendations, SFA intakes remain higher than target levels.
There are some indications that industry efforts to reformulate fat compositions
to reduce trans FA levels may have resulted in increased SFA levels. This is of
concern given the priority for reducing SFA as a population measure for reducing
CHD risk. It is therefore important to monitor the lipid composition of the diet
(trans FA, SFA, monounsaturated fatty acids (MUFA), PUFA) and evaluate any
potential adverse impact of the overall dietary lipid profile by regular
measurement of CHD risk markers (LDL-C and HDL-C).

Conclusions

Since the report of COMA (DH, 1994), the epidemiological evidence from
prospective studies with up to 20 years of follow-up, consistently supports an
adverse effect of trans FA on CHD risk, although the estimated size of the effect
has reduced. Evidence from RCTs provides strong support for adverse effects of
trans FA on LDL-C (increases) and HDL-C (decreases). In addition, the evidence for
cardioprotective effects of HDL-C has strengthened, increasing the recognition of
the potential hazards of trans FA due to their unique properties in reducing HDL-
C compared with other FA classes.

In most cases, the dietary data from prospective studies are for ranges of trans FA
intakes slightly higher than those of current UK intakes. Using the NDNS
2000,/2001 (Henderson et al, 2003) estimate of average trans FA intake (1.2% food
energy) and a target for the entire population of < 1% food energy as trans FA,
provides an estimated reduction in CHD risk of approximately 7.5%. However,
recent Food Standards Agency (FSA) estimates for average trans FA intakes of 1.0%
food energy would correspond to a reduction in CHD risk in the region of 5%.

Data on the potential impact of trans FA on some types of cancers (colon,
prostate, non-Hodgkin's lymphoma), diabetes, body weight and body fat
accumulation is limited, and further research is required before any association
between trans FA intake and any of these diseases can be confirmed and
subsequently quantified. There is no evidence of any association between trans
FA consumption and breast cancer.

The average trans FA intake for the UK population has more than halved in the last
20 years. Recommendations for further reductions in trans FA may have adverse
consequences for attempts to reduce dietary SFA, for the overall lipid profile of
the diet, and on the consumption of animal products.
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23.

24.

25.

26.

27.

Recommendations

There is consistent evidence to support a moderate effect of trans FA on
increasing the risk of CHD. The primary mechanism for this effect appears to be
via changes in the serum lipoprotein profile. Findings for effects of trans FA on
inflammatory responses and endothelial function remain inconclusive.

The evidence relating trans FA intakes to risk of diseases other than CHD is
limited, and no reliable risk assessments can be made. However, future reports on
these associations should be monitored, particularly the effect of trans FA on
insulin sensitivity and diabetes, and the trans FA-genotype interaction with risk of
prostate cancer.

This review endorses the current recommendation set by COMA (1994), that the
average trans FA intake should not exceed 2% of food energy, as there is currently
no firm scientific basis for its revision.

The current data provide insufficient evidence to justify the differentiation of
trans FA from vegetable oil and animal sources based on the isomeric forms of
the trans FA. There are also inadequate data to demonstrate that trans FA from
different dietary sources have differential effects on CHD risk or lipoprotein
profiles.

The impact of the reformulation of fats within the diet should be monitored to
ensure there are no unintended adverse consequences for dietary lipid profiles
and related CHD risk factors.
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2.

28.

29.

30.

Introduction

In 1994 the Committee on Medical Aspects of Food and Nutrition Policy (COMA)
published its report on Nutritional Aspects of Cardiovascular Disease, which
recommended that average intakes of trans fatty acids (trans FA) should not
exceed 2% of food energy. Later reviews (WHO & FAO, 2003; European Food
Safety Authority, 2004), confirmed the association between high intake of trans
FA and CHD. The WHO/FAO Expert Consultations report, Diet, Nutrition and
Chronic Disease (2003) advised that the population goal should be less than 1%
energy from trans FA. In 2003, the Danish Government introduced legislation to
require that industrially produced trans FA should be limited to 2% of the total
amount of fat or oil in a food. During 2006, voluntary guidelines regarding the
trans FA content of foods sold in retail outlets and catering establishments were
established in Canada.

In October 2007, the Food Standards Agency received a request from the
Secretary of State for Health to consider whether, because of concerns about the
health impacts of trans FA consumption, there is sufficient evidence to make a
recommendation that all individuals in the population should consume less than
1% food energy as trans FA. As a result, the Agency asked the Scientific Advisory
Committee on Nutrition (SACN) to review the current evidence on the health
effects of trans FA.

Terms of reference

The present review was established with the following terms of reference to:

»  Consider the evidence regarding health effects of trans FA on CHD since the
EFSA (2004) and the WHO/FAQ Expert Consultation reports (2003);

»  Consider evidence relating to other health effects of trans FA, particularly
cancer, obesity and diabetes;

»  Determine whether there is sufficient data available on which to revise
current UK recommendations that the average trans FA intake of the
population should not exceed 2% of food energy. In particular, whether any
revised recommendations should state that intakes be reduced to 1% or less
of food energy;

» Determine on the basis of present evidence whether it is possible to
distinguish the health effects of trans FA from vegetable oil versus animal
origin.
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31

32.

33

34.

Background

In its report Nutritional Aspects of Cardiovascular Disease (Department of Health,
1994), COMA concluded there was sufficient evidence for an association between
trans FA intakes and CHD and for adverse effects on circulating lipoprotein
concentrations, to recommend population intakes of trans FA should not exceed
2% food energy. The report considered evidence for adverse effects of saturated
fatty acids (SFA) to be strong and given the high levels of SFA in the UK population
at that time (»17% food energy), recommended major efforts to change population
food choices and reduce levels of SFA in the UK food chain.

During the 1990s, reports from prospective cohort studies provided further
evidence for an association between trans FA intakes and CHD. A number of well-
controlled dietary intervention studies also consistently confirmed trans FA to
have adverse effects on serum LDL-C, HDL-C and triacylglycerol (TAG). This
evidence, as well as that relating to potential associations between trans FA
intakes and other disease states, was reviewed in the early 2000s (WHO &
FAO, 2003; EFSA 2004). In its Expert Consultation report, the WHO/FAO
recommended population goals should be to achieve trans FA intake levels less
than 1% energy.

At a horizon-scanning meeting in 2003, SACN considered the need for an updated
risk assessment on the health effects of trans FA. The Committee agreed that the
original risk assessments made by COMA in 1994 remained appropriate. Although
reductions in SFA intakes in the UK diet had been achieved since 1994, they
remained above the target set by COMA (1994) and were considered to pose a
greater risk to health than trans FA.

Methodology
Selection of evidence

The SACN Framework for the Evaluation of Evidence (SACN 2002) was used as the
basis to identify and assess evidence published on CHD since the EFSA (2004) and
WHO/FAQ Expert Consultation (2003) report, and to review published evidence
for the other main diseases considered here (cancer, obesity, diabetes). The
evidence base for this report is mainly restricted to retrospective and prospective
epidemiology and RCTs in humans. In the epidemiology, measures of exposure
include both direct measures of dietary trans FA intakes, as well as levels of trans
FA in blood and tissues, which are taken to provide surrogate biomarkers of trans
FA intakes. In this review, evidence from animal and cell studies is also considered,
in particular to assess whether there are plausible biological mechanisms that can
support associations observed in epidemiological studies.
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35.

36.

37.

In examining the epidemiological evidence, consideration has been given to the
limitations of each type of study. Ecological (cross cultural) studies examine
putative relationships between ranges of average dietary intakes, within or
between populations, and mortality and morbidity rates for diseases of interest.
However, ecological studies do not enable causal relationships to be established,
since they are subject to considerable confounding by unmeasured variables. Even
when such variables can be measured, they may be co-related with both the
dietary exposure and the disease outcomes of interest. Retrospective case-
control studies allow hypotheses generated from cross-cultural studies to be
examined in more detail. However, case-control studies are known to be subject
to recruitment and reporting bias, since retrospective recall of diet has been
shown to differ in cases compared with control subjects. Prospective cohort or
nested case-control studies are less subject to recruitment and recall bias.
However, because of the large number of subjects involved in prospective studies,
dietary data is usually based on assessment of food frequency questionnaires
(FFQ), which are subject to significant measurement error. Some prospective
studies reported in this review have undertaken only a single measure of diet at
baseline, which may lead to misclassification of diet in long term follow up, due
to changes in subjects’ habitual diets over time, as well as changes in food
formulations. The latter is a particular issue with respect to the assessment of
relationships between trans FA intakes and disease risk, because of the efforts
made by food manufacturers to replace trans FA in oils and spreads which took
place during the 1990s.

Measurements of blood and tissue levels of FA have been shown to provide
reliable surrogate markers of dietary intakes, at least for some dietary FA. Tissue
biomarkers of trans FA levels have been used in a number of retrospective and
nested case-control studies included in this review. These measures avoid the
inaccuracies and recall bias associated with collecting dietary information by
questionnaires, and for this reason it is suggested that greater reliance may be
placed on findings from case-control evidence where status has been derived
from measurement of tissue FA levels. However, some disease states result in
changes in FA metabolism that are reflected in altered tissue compositions, which
could confound retrospective case-control comparisons. In addition, because FA
compositional data are expressed as % of total FA, any increase or decrease in
one FA will result in reciprocal changes in one or more of the other FA present. A
further limitation is that because it is not possible to estimate dietary trans FA
intakes from biomarker trans FA levels, the findings from these studies cannot be
used to develop public health recommendations for dietary intake levels
associated with reduced risk of disease.

Report contents

The report considers the chemistry of trans FA, the different isomeric forms of
trans FA and their origin and occurrence in foods. Dietary intakes of trans FA and
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38.

39.

40.

changes in intakes in recent years are reported. The relationship between trans FA
and CHD, cancer, diabetes, obesity and insulin resistance, are considered. A
detailed review of the literature relating to the association between trans FA and
CHD outcomes, as well as risk biomarkers for CHD, was undertaken by EFSA in
2004. These data have been considered in detail and a summary of the findings
presented in the section on CHD. Additional literature published since 2004 on
the association between trans FA intakes and CHD, as well as RCTs undertaken to
study the effects of trans FA on risk biomarkers for CHD, has been reviewed in the
present report. Data are presented here in a similar format to the EFSA report.
Epidemiological, RCT and animal data published in the literature for effects of
trans FA on cancer, diabetes, insulin resistance and obesity have been reviewed in
the present report. Brief consideration of the relationship between trans FA intake
and fetal development is also provided.

It should be noted that this report has not undertaken a detailed review of the
association between conjugated linoleic acid (CLA) and health; brief consideration
to the recent literature in this area is given in section 4.

Methods used for quantification of dietary exposures of trans FA

As stated above, studies included in the report have quantified variation in trans
FA exposure levels using both dietary assessment and measurement of levels in
tissues. For FA which largely originate from the diet, and which cannot be
synthesised de novo in the body, such as the EFA, linoleic acid (18:2, n-6) and
linolenic acid (C18:3, n-3), the long chain n-3 PUFA (only limited synthetic capacity)
and trans FA, their measurement in tissue lipid pools is considered to be a more
reliable assessment of dietary exposure than dietary questionnaires. This may be
particularly important for the relative quantification of trans FA exposure, as the
inability of food composition databases to keep pace with rapidly changing
compositions of foods, which include partially hydrogenated vegetable oil
sources, may result in significant inaccuracies in estimations of dietary trans FA
intake levels. Levels of trans FA in plasma lipid pools such as cholesterol esters
and phospholipids, and in platelets, red blood cells, and adipose tissue, may be
used as indices of integrated exposure over the previous few days, few months
and 1-2 years respectively. For many of the more recent reports from
epidemiological studies FA status has been determined by quantification of
erythrocyte and adipose tissue FA levels.

Presentation of statistical data relating to the association between
dietary intake and risk of disease

Throughout the text and tables included in the present report, the odds ratio (OR)
and relative risk (RR) stated are those which have been fully adjusted for potential
confounding factors. When a significant difference in an associated risk was
reported, the specific factors that were adjusted for in the model have been



Update on trans fatty acids and health

41.

42.

shown within the tables. The p for trend values refer to the level of difference
between the highest and lowest tertile/ quartile/ quintile of intake.

Dietary trans FA intakes positively correlate with dietary SFA. Therefore, it is
essential that epidemiological studies designed to assess the association between
dietary trans FA intake and CHD risk fully adjust for potential confounding by this
class of FA. When this has not occurred, this limitation is stated in the text.

Trans FA in the food chain
Structure of trans FA and their origins in the diet

Most unsaturated FA in foods have double bonds in the cis (bent) configuration.
However, unsaturated FA with trans (straight) bond configurations are also found
(Figure 1). Trans FA are naturally occurring in dairy products and meats from
ruminant animals; the rumen contains bacteria that produce isomerases capable
of converting the cis double bonds of polyunsaturated fats in the animals’ diets
to a trans position. Since the early 20th century, industrial hydrogenation of
vegetable oils, which results in the conversion of a proportion of cis double
bonds to the trans configuration, has been used to produce semi-solid and solid
fats that are now widely used in food manufacture (e.g. margarines, biscuits) and
catering outlets. Trans FA are also formed during high temperature treatment of
oils and during deoderisation of unsaturated oils to remove unstable by-products
of oxidation.

Figure 1. Cis and trans FA configuration
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In Europe and Canada, hydrogenation was mainly used to produce hydrogenated
fish oils, whereas in North America hydrogenation of vegetable oils became
common after the late 1920s. Hydrogenated fish oils are no longer used in food
manufacture, and the long chain (C20, C22) trans isomers typical of hydrogenated
fish oils are no longer found in food products. More recent modifications in the
conditions of the partial hydrogenation process have yielded different products
that have been used for deep-frying, margarines, and shortenings for baking which
have better organoleptic properties. Light processing (brush hydrogenation) is also
used primarily to produce a liquid oil with greater shelf life.

UK intakes of trans FA in adults and children

As detailed in Annex 3, the most recent published estimates of UK adult trans FA
consumption from the National Diet and Nutrition Survey (NDNS) of Adults, aged
19-64 years, 2000/1 (Henderson et al, 2003) indicate an average intake of 1.2% of
food energy for both adult males and females (Annex 3, Table 1), which equates to
291g and 2.04g per day, respectively. These intakes have declined significantly in
recent years, with intakes of 2.2% of food energy reported in 1986./87 (Gregory et
al, 1990). This decline has been attributed to a number of factors, including
reformulation by manufacturers to reduce the use of partially hydrogenated oils;
a general fall in consumption of foods which included these oils; and the use of
more up-to-date food composition tables in the later surveys.

As part of the background to this review, an estimate of current trans FA intake
was undertaken by the FSA using information provided by industry on the
maximum or average level of trans FA in a number of processed food categories.
The estimate used included industry values' for the following categories: the
maximum level of trans FA in biscuits, cakes and pastries (excluding products
made with butter), the maximum level of trans FA in fat spreads and the average
trans FA level in ice cream. Trans FA intake values published in the NDNS 2000/01
for adults (Henderson et al, 2003) and 200305 Low Income Diet and Nutrition
Survey (Nelson et al, 2007) (1.2% and 1.3% of food energy respectively) were based
on earlier data for these categories: trans FA data for biscuits, cakes and pastries
were based on analysis mainly in the early 1990s, data for ice-cream were based
on analysis in 1998 and data for fat spreads were based on estimates from
manufacturers data collected prior to the 200001 NDNS. Recalculation of mean
intake using consumption data from the 200001 NDNS (Henderson et al, 2002)
with the new industry figures gave an estimated value of 1.00% food energy for
the mean intake of trans FA in the British adult population (19-64 years) (FSA 2007;
Annex 3, para 10-12). This figure is likely to be an overestimate of actual intake as
it was not possible in the time available to take account of all the reductions in
trans FA levels in the model.

1 Provided by members of the Biscuit, Cake, Chocolate and Confectionary Association
(BCCCA); Margarine and Spreads Assocation (MSA); and the Food and Drink Federation
(FDF).
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Comparison of intakes of the 200001 general adult population (Henderson et al,
2003) with those from the more recent 2003/05 LIDNS (Nelson et al, 2007),
which recorded the diets of the lowest 15% of the population with respect to
material deprivation, indicate comparable intakes between the two survey groups,
with mean intakes of 1.3% of food energy from trans FA for males and 1.2% energy
for females reported in the 2003/05 LIDNS (Nelson et al, 2007; Annex 3). As
discussed in paragraph 45, it is likely that mean intakes will now be lower than
these earlier estimates, due to reformulation of fats used in food manufacture.

It has been estimated that only 3% of the general adult population consume more
than 2% food energy as trans FA (Henderson et al, 2003), with the figure rising to
9% of males and 6% of females in the low income cohort (Nelson et al, 2007)
(Annex 3, para 3). It should be noted that this higher proportion of individuals in
the low income groups consuming at these higher intake levels appears to be in
large part attributable to a greater proportion of total trans FA derived from fat
spreads with relatively high trans FA contents in this subgroup (Annex 3). As
discussed in paragraph 44, it should be noted that the level of trans FA within such
sources has been reduced due to action taken by the food industry since these
estimates of intakes in LIDNS (Nelson et al, 2007) were made.

According to the most recent available data, children have modestly higher total
trans FA intakes relative to adults, with mean intakes of 1.3-14% food energy in the
various age groups (4-18 years) (Gregory et al, 2000). However, this may simply be
reflective of the earlier survey date (1997) compared to the recent adult data
(Henderson et al, 2003), since the food composition data used in 1997 were largely
based on analyses made during the 1980s and early 1990s.

Sources and distribution of trans FA isomers in UK diet

Partially hydrogenated oils contain many different isomers of unsaturated fatty
acids (usually oleic or linoleic acid), with trans isomers comprising 10-40% of the
total fatty acids. Large numbers of different isomers are also found in ruminant
meat and milk where the trans FA concentration typically ranges from 3-8% of
total fat; levels of trans FA tend to be higher in lamb and mutton than beef fat.

Based on NDNS 2000/01 (Henderson et al, 2003), it is estimated that
approximately 55-65% of total trans intake is derived from vegetable oil sources,
with the remainder of animal origin. During the intervening years between
1986787 and 200001, there was a considerable decline in the proportion of total
trans FA derived from fat spreads, with an associated rise in the proportion from
milk and milk products and meat and meat products (Annex 3, Figure 3).

Based on the analysis of 1995 Total Diet Study samples (MAFF, 1997), the trans 1811
isomers comprise approximately 65% of total trans FA intakes. In the UK, the trans
18:2 isomers represents the next most prevalent dietary trans FA, comprising
approximately 12% of total intake.
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The nomenclature of the trans 181 and trans 18:2 isomers and their typical
compositions in animal and vegetable oil sources are given in Table 1(EFSA 2004).
These data show that the trans isomer patterns of vegetable oil and animal
sources show considerable overlap, with many isomers common to both food
sources. In milk fat or ruminant meat the predominant (30-60%) trans FA is
vaccenic acid (trans 18:1, n-7) with other trans MUFA such as 14:1 and 1611, as well as
18:2 and 18:3 isomers, also present. The trans 161, n-7 isomer has been suggested
as a possible biomarker of animal trans FA, as it is not present in partially
hydrogenated oils, with the exception of fish oils. In the EU and Canada, partially
hydrogenated fish oils products are no longer used by food processors; therefore
intakes from this source have fallen dramatically worldwide. In partially
hydrogenated vegetable oils, the main isomer is elaidic acid (trans 181, n-9),
typically contributing up to 30% of the total trans FA in these oils. Trans 181, n-7
typically constitutes 10-20% of total trans FA from these sources. The long chain
polyunsaturated trans FA (C20, C22) are no longer found in foods since the use of
hydrogenated fish oils was discontinued.

Biomarkers of vegetable oil versus animal trans FA intakes

Some of the larger prospective studies which have shown an association between
trans FA intakes and CHD have demonstrated the association to apply only to
trans FA originating from industrial hydrogenation of vegetable oils, with some
evidence that animal sources of trans FA (mainly trans 181, n-7) do not share the
adverse effects of isomers of vegetable oil origin (mainly trans 18:1, n-9). It has also
been proposed that further distinction between trans FA of animal versus
vegetable oil origin can be drawn from measurement of different isomers in
foods, and in human tissues, and that these measurements might have the
potential to act as surrogate markers of intake from the two sources.

However, with the potential exception of trans 16:1, n-7, most trans FA are present
in both sources, and therefore use of specific isomers as markers of trans source
is likely to be associated with a large amount of inherent error. In particular, the
predominant trans 18:1 isomers do not lend themselves well as markers of animal
versus vegetable oil sources, because even though there is variation in the isomer
proportions in the two sources, the isomers are present in both animal and non-
animal sources. Although trans 18:2 are largely derived from hydrogenated
vegetable oil sources, small amounts are also present in animal fats, and also
cannot be reliably used as a marker of source. In addition, it should be noted that
trans 16:1 is also found in hydrogenated fish oils, thereby affecting the
interpretation of data from some of the earlier studies conducted at a time when
hydrogenated fish oils remained within the food chain. This report has therefore
been cautious in drawing conclusions on the origin of specific isomers and their
use as markers of trans FA of animal or vegetable oil origin.
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Table 1: Nomenclature of FA and typical proportions of positional
trans 18:1 isomers and total trans 18:2 from animal and vegetable oil
sources

Trans isomer Delta position Milk fat, Industrially
of double bond cow (%) hydrogenated fats (%)
181, n-2 16 6-8 1
181, n-3 15 4-6 2
181, n-4 14 8 *
181, n-5 3 6-7 9-12*
181, n-6 12 6-10 8-13
181, n-7 n 30-50 10-20
(vaccenic acid)
181, n-8 10 6-13 10-20
181, n-9 9 5-10 20-30
(elaidic acid)
181, n10 to ni2 6-8 2-9 14-18
181, n-13 5 <] 2
181, n-14 4 < 1
18:2 total - 0.6 2-4

(linolelaidic acid)

* combined n-4 and n-5 isomers
(Precht & Molkentin, 1997; Wolff et al, 2000; Precht et al., 2001; European Food
Safety Authority, 2004)
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Trans FA and Health

Trans FA and coronary heart disease

A large body of literature on the relationships between trans FA and CHD has
previously been reviewed (DH, 1994; WHO & FAO, 2003; EFSA, 2004). The current
report has been commissioned to consider evidence made available since the
publication of these three key reports. The earlier reports are consistent in their
conclusions that trans FA: i) increase the risk of CHD, ii) raise LDL-C and reduce
HDL-C, and iii) on an isoenergetic basis, the lipoprotein profile of plasma is more
atherogenic following consumption of trans FA than SFA.

A review of the literature relating to the association between trans FA and CHD
outcomes, as well as risk biomarkers for CHD, was undertaken by EFSA in 2004.
The present review has largely focused on epidemiological evidence published
since 2004, as well as on RCTs undertaken to study the effects of trans FA on risk
biomarkers for CHD. However, some studies published prior to 2004 are also
described here, in the text and in data presented in the tables, where: i) they are
considered to provide information that has not previously been reviewed in
depth; ii) the data may be helpful in drawing conclusions regarding the impact of
specific isomers; or iii) they provide information on risk associated with levels of
intake relevant to the UK diet. A large prospective study, the Nurses’ Health Study,
has published long-term follow up data since 2004. Therefore all data from this
study, including that published prior to 2004, are considered as part of the
present review to enable a full evaluation of its findings.

Epidemiological studies and RCTs on trans FA and CHD
Summary of findings from the EFSA review (2004)

EFSA reviewed 7 case-control and 5 cohort studies published between 1990-
2004. As case-control studies are considered more sensitive to information and
selection bias than prospective studies, EFSA placed greater weight on findings
from the prospective data in drawing its conclusions; the same approach has been
applied here. Of the 7 case-control studies published between 1990-2004 (Siguel
& Lerman, 1993; Ascherio et al, 1994; Aro et al, 1995; Roberts et al, 1995; Van de
Vijver et al, 1996; Baylin et al, 2003; Clifton et al, 2004), 2 measured trans FA
exposure by FFQ, the remainder measured trans FA levels by the use of
biomarkers (plasma phospholipids or adipose tissue). In the case of the diet
studies, one showed no significant association with CHD (Clifton et al, 2004) and
the other (Ascherio et al, 1994), a strong positive association (OR 2.03, 95% Cl,
0.98-4.22; p for trend 0.0001) with total trans FA in the diet. In the latter study, a
strong association was observed for trans FA of vegetable oil origin, but no
association was shown for trans FA of animal origin. One study (in Costa Rica)
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showed a strong positive association for total trans FA in adipose tissue in first
myocardial infarction (M) patients (Baylin et al, 2003). Another biomarker study
showed higher levels of total trans FA, trans 18:2 and trans 16:1, n-7 in adipose
tissue in cases than controls (Siguel & Lerman, 1993). The other case-control
studies which used biomarkers to assess trans FA reported no significant
association between trans FA levels and CHD (Aro et al, 1995; Roberts et al, 1995;
Van de Vijver et al, 1996).

Consistent findings were observed for the 5 prospective studies (Willet et al, 1993;
Ascherio et al, 1996; Hu et al, 1997; Pietinen et al, 1997, Oomen et al, 2001)
reviewed by EFSA (2004). All 5 studies showed positive associations between total
trans FA intakes and CHD risk and, with the exception of one study (Ascherio et
al, 1996), the p for trend reached statistical significance. Three of the studies
evaluated relationships between trans FA of vegetable oil (hydrogenated
vegetable fat) and animal origin, and CHD risk. One study reported no distinction
in the association between trans FA from animal and vegetable oil sources and risk
of CHD (Oomen et al, 2001). The other two studies showed positive associations
only for dietary assessed trans FA from vegetable oil sources (Willet et al, 1993;
Pietinen et al, 1997). Both reported an inverse association between animal trans FA
intake and CHD risk, which reached significance in the report by Pietinen et al
(1997).

Case-control studies — CHD outcomes

Three of the larger case-control studies considered by EFSA are presented here
along with 2 other studies published since 2004 (Table 1A, Annex 2).

The EURAMIC study (Aro et al, 1995) assessed the relationship between adipose
tissue total trans 181 and risk of acute MI in European countries. There was no
difference in trans 18:1 content in adipose tissue between controls and cases for
the whole cohort. However, in Norway and Finland, higher adipose tissue trans 18:1
were associated with increased Ml risk, with reported ORs of 5.4 (95% Cl, 1.5-3.1; p
for trend 0.01) and 5.0 (95% Cl, 1.3-19.6; p for trend 0.02) for highest versus lowest
quartiles of adipose tissue trans. In contrast, inverse associations were reported
for Russia and Spain (p for trend 0.01 for both).

In a Costa Rican MI case-control study (Baylin et al, 2003), adipose tissue total
trans FA were associated with increased risk of MI (p for trend 0.004) when
adjustment for multiple factors was included. For individual FA, trans 18:2 and
trans 16:1 were also significantly associated with increased risk of MI. Adipose
tissue trans 18:1 was not associated with M risk.

A case-control study of trans FA and risk of Ml carried out by Clifton et al (2004)
in an Australian population (1995-1997) included assessment of both adipose
tissue trans FA and dietary trans FA (FFQ). In 1996, mid-way into the study, trans
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FA were removed from margarine in Australia (January-March 1996). In 1995 and
1996, there was a positive association between dietary trans 18:1 intake from
margarine and adipose tissue trans 18:1 levels, but this was not evident in 1997.
Dietary intake data showed cases consumed 0.51 g/day more trans FA than
controls (p =0.002), but trans FA intakes as % dietary energy did not differ
between the groups. Subjects in the highest quintile of trans FA intake (g/d) had
an OR for first MI of 2.25 (95% Cl, 116-4.32; p for trend 0.01), but this was not
independent of SFA intake. The proportion of adipose tissue total trans, trans 1611,
trans 181, trans 181, n-7 and n-9 were significantly higher in cases compared with
controls before 1996 but not after this time. Logistic regression showed adipose
tissue trans 181, n-7 was an independent predictor of first MI (p =0.03) when blood
lipids, dietary intake and other adipose tissue FA were controlled for.

A further Costa Rican study (Colon-Ramos et al, 2006) investigated the
relationship between trans FA status, as assessed by adipose tissue levels, and first
case M, both before (1994-1999, n =954) and after attempts to lower levels of
industrial trans FA levels in foods (2000-2003, n =2638). The median values for
quintiles of adipose tissue total trans FA, 18:1 trans FA and 18:2 trans FA were higher
before 2000 than during the period between 2000 and 2003. Before reduction in
trans FA, adipose tissue total trans FA were associated with Ml with an OR of 3.28
(95% Cl, 1.68-6.82; p for trend <0.001) with multiple adjustment, including dietary
factors. This was not the case in the period 2000-2003, when the OR was 1.03
(95% Cl, 0.75-1.42; p for trend 0.65). Similarly, adipose tissue trans 18:2 levels were
associated with Ml prior to the year 2000 with an OR of 4.76 (95% Cl, 2.24-10.11; p
for trend <0.001), but not over the time period 2000-2003 (p for trend 0.56).
Adipose tissue trans 18:1 was not associated with MI before or after the year 2000,
with or without multiple adjustments.

A Portuguese case-control study of risk of Ml (Lopes et al, 2007) also included
assessment of both adipose tissue trans FA and dietary trans FA. Findings from this
study showed adipose tissue trans FA did not correlate with dietary intake as
assessed by FFQ (r =-0.02). Using FFQ data, there was no significant difference in
dietary intakes of total trans FA (% of total fat intake) between cases and controls
(p =0.089); total trans FA intakes were not associated with risk of acute M, either
with crude or adjusted analysis, with an adjusted OR of 0.81(95% Cl, 0.48-1137; p
for trend 0.341). It should be noted that dietary SFA intake was not controlled for
in this study. In contrast, adipose tissue trans FA levels were significantly lower in
cases compared to controls (p <0.001) and showed a significant inverse association
with risk of MI across tertiles, in both crude and adjusted analysis, with an
adjusted OR of 0.04 (95% Cl, 0.006-0.32; p for trend =0.001).
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Prospective studies — CHD outcomes

Prospective data from the Nurses’ Health Study and subsequent follow-ups, as
well as the Cardiovascular Health Study (CHS) are considered in this section (Table
2A, Annex 2).

Since 1980, the relationship between trans FA intake and CHD incidence has been
reported several times during the follow-up of the Nurses’ Health Study, a cohort
of -85,000 females recruited without diagnosed CVD, diabetes or elevated
cholesterol levels at baseline. Willett et al (1993) first reported findings after an 8
year follow up with 431 new CHD incidences recorded (non fatal Ml or death from
CHD). Dietary total trans FA (% energy) was positively associated with risk of CHD.
The trend was influenced by adjustment for multiple CHD risk factors and dietary
fat intake, with an adjusted OR of 1.67 (95% Cl, 1.05-2.66; p for trend 0.002). This
study showed the CHD risk attributed to dietary trans FA was entirely accounted
for by isomers from vegetable fat (RR 1.78; 95% Cl, 112-2.83; p for trend 0.009)
rather than isomers from animal fat (RR 0.59; 95% Cl, 0.30-117; p for trend 0.230).

After 14 year follow up of the Nurses’ Health Study (n =80,082) with 939 incident
CHD cases reported (non fatal Ml or fatal CHD), the association between dietary
trans FA (FFQ) and CHD risk, remained. With multiple adjustment, the OR
associated with the highest quintile of intake (2.9% energy as trans FA) was 1.53
(95% Cl,116-2.02; p for trend 0.002) (Hu et al, 1997).

In the most recent analysis of the Nurses’ Health Study (n =78,778), based on a 20
year follow up with 1766 incident CHD cases reported, dietary trans FA were once
again associated with increased CHD risk (Oh et al, 2005). The OR for the highest
quintile versus the lowest quintile of intake (a difference of 1.5% dietary energy as
trans FA), with multiple adjustment for factors including dietary fat intakes, was
1.33 (95% Cl, 1.07-1.66; p for trend 0.01). Additional sub-group analysis, with multiple
adjustment, showed the association was stronger in women less than 65 years
compared to older women (OR 1.50, 95%Cl, 113-2.00; p for trend 0.01) and in
women with a body mass index (BMI) < 25 kg/m?* (OR 1.53, 95%Cl, 1.09-2.15; p for
trend 0.02). However, in a subset of women diagnosed with type 2 diabetes
mellitus since taking part in the Nurses’ Health Study (n = 5672), trans FA intake did
not show a positive relationship with CHD risk (non fatal Ml and fatal CHD)
following age or multivariate adjustment (Tanasescu et al, 2004).

A case-control study nested within the CHS (Lemaitre et al, 2006) identified cases
that experienced fatal ischemic heart disease (IHD) between June 1992 and June
1998. Plasma phospholipids were determined in fasting blood samples collected
approximately 3 y before the event. Total plasma trans FA and plasma trans 16:1
were not associated with IHD in multivariate analysis, with adjusted ORs of 0.94
(95% Cl, 0.65-1.34) and 095 (95% Cl, 0.64-142), respectively. Trans 181 was
associated with a reduced risk of IHD with an adjusted OR of 0.38 (95% Cl, 0.17-
0.86). Levels of trans 18:2 were associated with increased risk of IHD (OR 4.54; 95%
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Cl,1.83-11.20) when adjustment for trans 18:1 was included. In an analysis restricted
to the 95 cases with sudden cardiac death, higher trans 18:2 was associated with a
greater than 2 fold increased risk (OR 2.34, 95% Cl, 1.27-4.31). Higher trans 181 was
associated with lower risk of sudden cardiac death (OR for levels in highest
quintile 018, 95%Cl, 1.01-2.37).

Sun et al (2007a) evaluated the relationship between trans FA intake, as assessed
by levels of trans FA in erythrocytes and plasma, and CHD risk (non fatal Ml and
fatal IHD) in a case-control study nested in the Nurses' Health Study (cases of
incident IHD n =166, controls n =327). Total trans FA content in erythrocytes were
significantly correlated with dietary trans FA intake, as assessed by FFQ, with
multiple adjustment (r=0.44, p <0.01) (Sun et al, 2007a). Total erythrocyte trans FA
and a number of specific isomers were significantly greater in cases compared to
controls (p <0.05). After adjustment for known risk factors for CHD and for long
chain n-3 and total n-6 FA, the RR for total trans FA erythrocyte content,
erythrocyte total trans 181 and erythrocyte total trans 18:2 remained significantly
associated with risk of CHD. These were 3.3 (95% Cl, 1.5-7.2; p for trend <0.01), 311
(95% Cl, 1.5-6.7; p for trend <0.01) and 2.8 (95% ClI, 1.2-6.3; p for trend <0.01),
respectively. These risk ratios were reported to be attenuated with the addition
of the LDL-C to HDL-C ratio to the multivariate models. The RR attributed to total
erythrocyte trans FA was reduced to 2.2 (95% Cl, 0.9-54; p for trend =0.07) and
was no longer statistically significant. The RR for erythrocyte trans 18:1 was also
reduced to 2.2 (95% Cl, 1.0-5.2; p for trend 0.02) but retained statistical
significance. The data indicate the effects of trans FA are mediated to some
extent via their well established actions on plasma lipoproteins. However, at least
for some of the isomers, other pathophysiological effects appear to be involved
which are independent of the lipoprotein effects.

In a further analysis of this nested control study, Sun et al (2007b) reported the
relationship between erythrocyte and plasma trans 161, n-7 FA intake and CHD risk
(non fatal Ml and fatal IHD). Analysis of control samples showed trans 161, n-7 in
erythrocyte membranes and plasma correlated positively with average dairy fat
intake (1986-1990), as assessed by semi quantitative FFQ, when adjustments for
various factors including age, BMI and menopausal status were made (r= 0.32, p
<0.01and r =30, p <0.01, respectively). There were no differences in erythrocyte or
plasma trans 161, n-7 between cases and controls. The RRs for trans 16:1, n-7 in
plasma and erythrocytes, with adjustment for various risk factors for IHD, were
not statistically significant.

Data from these case-control and prospective cohort studies which evaluated
dietary trans FA intake are summarised in Figure 2. Data which evaluated the
effects of trans FA from different dietary sources are summarised in Figure 3. Data
which evaluated the CHD risk associated with different adipose tissue trans
isomers is summarised in Figure 4.
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Summary — epidemiology of trans FA and CHD risk

Of 9 case-control studies, 3 have assessed associations between dietary trans FA
levels ranging from ~0.34-6.5 g/d and risk of CHD (Ascherio et al, 1994; Clifton et
al, 2004; Lopes et al, 2007). Two showed positive associations (Ascherio et al,
1994; Clifton et al, 2004) but in one (Clifton et al, 2004) this did not remain when
the data were adjusted for SFA intakes. Seven of the studies have measured
biomarker levels of trans FA (Siguel & Lerman, 1993; Aro et al, 1995; Roberts et al,
1995; Van de Vijver et al, 1996; Baylin et al, 2003; Colon-Ramos et al, 2006; Lopes
et al, 2007). Three of these provide evidence of higher risk associated with
increased trans FA levels (Siguel & Lerman, 1993; Baylin et al, 2003; Colon-Ramos
et al, 2006). In one case (Colon-Ramos et al, 2006) this was no longer observed
when trans FA from vegetable oil sources were removed from the population diet.
Three showed no association (Aro et al, 1995; Roberts et al, 1995; Van de Vijver et
al, 1996) and one showed an inverse association between adipose tissue trans FA
levels and CHD risk (Lopes et al, 2007).

Of the 10 prospective studies which have reported since 1993, 6 reports are based
on the Nurses’ Health Study. Three of the 10 reports have not observed a
significant relationship between trans FA and CHD (Ascherio et al, 1996; Tanasescu
et al, 2004; Sun et al, 2007b). Five studies have reported significant positive
associations between dietary trans FA and CHD (Willet et al, 1993; Hu et al, 1997;
Pietinen et al, 1997; Oomen et al, 2001; Oh et al, 2005) and 2 studies have reported
positive associations between biomarker trans 182 levels and risk of CHD
(Lemaitre et al, 2006; Sun et al, 2007a). One of these studies reported an inverse
association between trans 18:1 and CHD risk (Lemaitre et al, 2006) and the other
reported a positive association (Sun et al, 2007a). Of the 5 studies which have
reported significant associations for dietary trans FA and CHD, 3 are outputs from
the Nurses’ Health Study (Willet et al, 1993; Hu et al, 1997; Oh et al, 2005) where
repeat dietary assessments and updated food composition data make it unlikely
that the findings reflect misclassification of diet due to changes in trans FA levels
in the food chain which have occurred since the baseline measurements were
made. The most recent output from the Nurses’ Health Study (Oh et al, 2005)
reported an RR of 1.33 (95% Cl, 1.07-1.66; p for trend 0.01) with quintiles of intake
ranging from 13- 2.8 % dietary energy. This range of intakes is slightly higher than,
but compares reasonably well with, the current range of UK intakes (0.5-21%
dietary energy in men, 0.4-21% dietary energy in women), the data for which are
based on the 2001/1 NDNS dietary surveys and updated food composition figures
(Henderson et al, 2003). The study of Oomen et al (2001) only reported for tertiles
of intake (<31, 311-4.86, > 4.86 % dietary energy) and is less valuable for assessing
likelihood of risk in a UK population. The other dietary study (Pietinen et al, 1997)
which reported positive associations between total trans FA intake and CHD risk
(OR 139, 95% Cl, 1.09-1.79; p for trend 0.004) reported intakes as g/d with the
range 1.8-6.2 g/d. This compares reasonably well with current average intakes for
the UK (291 g/d in men, 2.04 g/d in women).
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There have not been any prospective studies published since the assessment
made by EFSA in 2004. However, the updated output from the main Nurses’
Health Study cohort has confirmed a significant association between trans FA
intakes and CHD (Oh et al, 2005) and this relationship is supported by reports
from 2 prospective studies which demonstrate positive associations between
biomarker trans FA levels and risk of CHD (Lemaitre et al, 2006; Sun et al, 2007a).
The prospective epidemiology therefore continues to provide consistent
evidence for a moderate impact of dietary trans FA on risk of CHD.

Regarding effects of specific dietary sources of trans FA, 3 of the prospective
studies have addressed this issue with respect to possible differences between
effects of trans FA of vegetable oil and animal origin (Willet et al, 1993; Pietinen
et al,1997; Oomen et al, 2001). Two studies showed positive associations for trans
FA from vegetable oil sources and CHD risk (Willet et al, 1993; Pietinen et al, 1997).
Both of these studies reported an inverse association between animal trans FA
intake and CHD risk; Willet et al (1993) reported a non significant adjusted OR of
0.59 (95% Cl, 0.30-117, p for trend 0.230), Pietinen et al (1997) reported a significant
adjusted OR of 0.83 (95% Cl, 0.62-111, p for trend 0.035). The other study reported
no distinction in the association between trans FA from animal and vegetable oil
sources and risk of CHD (Oomen et al, 2001).

Some additional information may be obtained from biomarker measurements of
specific isomers in adipose tissue and blood, since it has been proposed that trans
18:2 levels may provide information on fats of vegetable oil origin, whilst those of
16:1 may provide an index of trans isomers of animal origin. The prospective
studies which have evaluated biomarker levels of specific isomers (Lemaitre et al,
2006; Sun et al, 2007a; Sun et al, 2007b) demonstrated significant positive
associations between trans 18:2 and risk of CHD. However, Lemaitre et al (2006)
reported an inverse association between levels of trans 18:1 and CHD risk, whereas
Sun et al (2007a) reported a positive association for this relationship. Both studies
reported no association between trans 16:1 and CHD risk (Lemaitre et al, 2006; Sun
et al, 2007b).

Biomarker data from case-control studies (which may be considered to be less
subject to bias than dietary data) for specific trans isomers is inconsistent. Siguel
and Lerman (1993) reported a positive association between trans 18:2 and Ml risk,
as did Colén-Ramos et al (2006) at a time before attempts were made to lower
levels of industrial trans FA in foods. In contrast, Van de Vijver (1996) and Roberts
et al (1995) reported no association between plasma trans 18:2 and CHD risk. Five
case-control studies based on biomarker trans FA measurements reported no
association between trans 18:1 and CHD risk (Siguel & Lerman, 1993; Aro et al, 1995;
Roberts et al, 1995; Van de Vijver et al, 1996; Colon-Ramos et al, 2006). Two studies
reported positive association between biomarker trans 161 and CHD risk (Siguel &
Lerman, 1993; Baylin et al, 2003). In contrast, Van de Vijver (1996) reported no
association between plasma trans 16:1 and CHD risk.
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The epidemiological studies provide some evidence to suggest a more consistent
positive association between biomarker levels of trans 18:2 and risk of CHD than
for the other trans isomers. However, the data are not sufficiently robust to
enable definitive conclusions to be drawn concerning the likelihood, or not, of
more adverse effects of trans FA of vegetable oil rather than animal origin.

Randomised controlled trials of risk biomarkers for CHD
Possible mechanism for trans FA effects on CHD risk

The mechanism by which the major fatty acid classes (SFA, MUFA and PUFA)
differentially influence circulating levels of LDL-C is now well established (Spady
& Dietschy, 1985). The main regulatory site is the hepatic LDL receptor which
controls the uptake of LDL-C from the circulation into the liver, where oxidation
and removal of excess LDL-C takes place. SFA have been shown to reduce the
number of LDL receptors expressed on the surface of hepatic cell membranes,
thereby reducing the uptake and removal of LDL-C from the circulation. PUFA and
MUFA have opposite effects so that when diets high in these fatty acids are fed,
LDL receptor number is increased resulting in greater removal of LDL-C and a
reduction in levels of LDL-C in the circulation. The molecular mechanisms which
regulate this pathway are also well established, involving fatty dependent
alteration in the cholesterol content of hepatic endoplasmic reticulum
membranes, which results in activation or inhibition of Steroid Receptor Element
Binding Protein 1c (SREBPIc). SREBPIc is a transcription factor that controls the
promoter region of the LDL receptor causing increased or decreased expression
of the protein in response to altered membrane cholesterol content. Trans FA
appear to regulate the LDL receptor in a similar manner to that of the SFA (Hayashi
et al, 1993), so that when diets containing trans FA are fed, membrane cholesterol
content increases (Niu et al, 2005) and there is down regulation of the LDL
receptor and increased circulating levels of LDL-C. The mechanism whereby trans
FA lead to the reduction in HDL-C is less well established but appears to involve
activation of a protein, cholesterol ester transfer protein (CETP) (van Tol et al,
1996; Khosla et al, 1997). CETP transfers cholesteryl esters from HDL to
lipoproteins of lower density (LDL and very low density lipoprotein (VLDL)). When
CETP activity is increased there may be excess transfer of cholesterol from HDL,
leading to its catabolism and removal from the circulation. This process appears
to be particularly active during the postprandial (fed) state, so that the overall fat
content of a meal can determine the degree of activation of CETP (Gatto et al,
2003).

Fasting lipoprotein concentration and trans FA- data prior to 2004

There is conclusive evidence from epidemiological studies that raised circulating
concentrations of LDL-C and lowered concentrations of HDL-C, as well as
increased total to HDL-C ratio, are linked with increased risk of CHD; all 3 are
regarded as robust markers of CHD risk. In addition, a large body of data exists
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from RCTs in which the effects of trans FA (largely trans MUFA) have been
compared with isoenergetic amounts of other fatty acid classes and of
carbohydrate. These studies support the conclusion that trans FA have adverse
effects on fasting lipoprotein concentrations. The LDL-C raising effects of trans FA
are approximately equivalent to those of the SFA. However, the major difference
between the SFA and trans FA are that the latter are the only fatty acid group
which have been shown to reduce HDL-C concentrations. For this reason, trans FA
have the most adverse effect on serum lipoproteins of all FA.

The RCT studies have been extensively reviewed in the literature (Katan et al, 1995;
Mensink et al, 2003) as well as in recent expert reviews (WHO & FAO, 2003; EFSA
2004). The meta-analysis of Mensink et al (2003) concluded that there are slight
differences in the LDL-C raising effects of SFA and trans FA, with potency in the
order: lauric acid » myristic > trans FA= palmitic acid > stearic (neutral). In this
comparison cis-MUFA were estimated to have LDL-C lowering effects which were
slightly less than those of cis -PUFA. As a consequence of their reciprocal effects
on LDL-C and HDL-C, trans FA increase the total cholesterol to HDL-C ratio. The
data have been assessed and presented in detail in the review conducted by EFSA
(2004) and will not be reconsidered here.

Although the first controlled intervention trial to evaluate the effects of trans FA
on serum lipoproteins provided levels of 11% dietary energy, which is in excess of
that found in habitual diets (Mensink & Katan, 1990), studies conducted since then
have provided more modest levels of intake, ranging from approximately 1-10%
dietary energy (Judd et al,1994; Judd et al, 1998; Lichtenstein et al, 1999). The meta-
analyses of the RCTs (Katan et al, 1995; Mensink et al, 2003) have demonstrated
dose-dependent linear associations between levels of trans FA in the intervention
diets and serum concentrations of LDL-C and HDL-C over the range 1- 10% dietary
energy. There are few studies which have compared levels of intake at the lower
end of this range (0.5-3.0% dietary energy), which is the reduced range of habitual
intakes now observed in most countries. However, there is no reason to consider
that the relationship between dose and impact on LDL-C or HDL-C are different
at these lower levels of intake, so that efforts to reduce trans FA levels below 2%
of food energy (the current UK recommendation) are likely to result in beneficial
effects on the atherogenicity of the lipoprotein profile.

As well as adverse effects on LDL-C and HDL-C, studies evaluated by EFSA (2004)
showed substitution of trans MUFA for other FA resulted in a raising of fasting
triacylglycerol (TAG) levels. Since fasting TAG is positively associated with risk of
CHD, this is an additional mechanism by which trans FA may increase the
atherogenicity of the lipid and lipoprotein profile.

Lipoprotein (a) [Lp (a)] is an LDL particle with an additional apoprotein attached
(apoprotein (a)); high concentrations of Lp(a), which are largely genetically
determined, are linked with increased risk of CHD. EFSA (2004) evaluated the
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evidence relating to effects of trans FA on Lp(a) and concluded that whilst there
is some evidence to suggest trans FA increase Lp(a), the data are not consistent
and effects may be confined to those individuals with initially high levels.

Fasting lipoprotein concentrations- randomised controlled trials
conducted since 2004

In considering the RCT trials published since 2004, this review has focused on a
number of key aspects of the data: i) the extent to which the findings are
consistent with the body of evidence reviewed by EFSA (2004); i) whether there
are additional data for effects of trans FA within the range 0.5-3.0% dietary
energy; and iii) whether there are any data which have directly compared effects
of trans FA from vegetable oil versus animal origin (Table 3A, Annex 2).

In a double-blind, randomised cross-over study, Han et al (2002) compared the
effects of 3 diets; a soybean oil diet (0.6% energy as trans FA), a soybean oil stick
margarine diet (6.7% energy as trans FA) and a butter diet (1.3% energy as trans FA).
Total cholesterol, VLDL-C, LDL-C and HDL-C levels were significantly different
between all diet groups (p <0.05 for all). The findings were broadly consistent with
previous reports based on vegetable oils that have undergone hydrogenation,
with higher levels for all cholesterol fractions except HDL after hydrogenation.

Lichtenstein et al (2003) reported the effects of 6 diets (20% energy as soybean
oil, semi-liquid margarine, soft margarine, partially hydrogenated soybean oil as
shortening or margarine sticks and butter), consumed for 5 weeks. Significant
differences in TAG, LDL-C and total cholesterol concentrations were noted
between diets; the findings were broadly consistent with what has previously
been reported for effects of oils which have undergone varying degrees of
hydrogenation. A further report from this study (Mauger et al, 2003) reported a
dose-dependent effect of trans FA on LDL particle size, which was decreased
with increasing trans FA intakes (p <0.001).

Dyerberg et al (2004) completed an 8 week RCT that was designed to investigate
the impact of trans FA and n-3 PUFA intake on markers of cardiovascular risk.
Experimental fats were incorporated into bakery products and the effects of a
control diet (09% energy as trans FA, 15.7% energy as SFA), a trans FA diet (6.8%
energy from trans FA, 10.3% energy SFA) and a n-3 PUFA diet (0.9% energy as trans
FA, 12.3% energy as SFA) were evaluated. The trans FA diet caused a significant
reduction in HDL-C levels compared to control (-0.06 vs. 0.03 mmol/|, p <0.01)
but had no significant effects on total cholesterol, LDL-C or TAG.

The reports described above do not provide information that enables conclusions
regarding effects of small differences in trans FA intakes at total intake levels
between 0.5-3.0% to be drawn.
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A double blind, randomised parallel intervention trial (n =42 healthy men) carried
out by Tholstrup et al (2006) compared 5 weeks consumption of a butter rich in
trans FA (181, n-7 and n-9; ~2.2% energy as trans FA) with a butter containing lower
levels of trans FA (-0.4% energy as trans FA). Total cholesterol and HDL-C were
significantly reduced following the high trans FA diet compared to the control
diet (p =0.05 and p = 0.002, respectively), although the ratio between total:HDL-
C or TAG levels did not differ significantly between diet groups. Although this
study compared effects of trans FA at intake in the range of interest (0.5-3.0%),
differences in FA levels other than trans FA in the experimental butters do not
allow clear conclusions to be drawn.

Lichtenstein et al (2006) conducted an RCT comparing 5 different types of fats;
soybean oil, low saturated soybean oil, high oleic acid soybean oil, low linolenic
acid soybean oil and partially hydrogenated soybean oil (PHSO) (2.5% energy as
trans FA). Total cholesterol was significantly higher following the PH soybean oil
diet compared to all other diets investigated (p <0.05) and LDL-C and total:HDL-C
levels were highest with this oil, significantly so (p <0.05) for all except the
comparison with low a-linolenic acid soybean oil.

Vega-Lopez et al (2006) compared the effects of 4 diets rich in soybean oil (0.55%
energy as trans FA), palm oil (0.60% energy as trans FA), canola oil (0.98% energy
as trans FA) and PHSO (415% energy as trans FA). Total cholesterol and LDL-C
levels were significantly higher following the PHSO diet compared to the soybean
oil and the canola oil diets (p <0.05).

Sundram et al (2007) carried out an RCT which compared the effects of a palm
olein diet (12% energy from palmitic acid), a PHSO diet (3.21% energy as trans FA)
and a diet based on interesterified fat (12.5% energy from stearic acid), with each
diet consumed for 4 weeks. HDL-C concentration was significantly lower, and LDL-
C concentration was significant greater, following the trans FA diet compared with
the palm olein diet (p <0.001 and p <0.05, respectively).

Although Lichtenstein et al (2006), Vega-Lopez et al (2006) and Sundram et al
(2007) compared effects of trans FA at intake in the range of interest (0.5-3.0%),
differences in FA levels other than trans FA in the experimental diets do not allow
clear conclusions to be drawn.

A randomised, double-blind cross-over study by Mensink (2007) compared the
effects of two diets, comparable in physical characteristics, but with greater levels
of stearic acid (+1.3% energy), cis 181 (+2.9% energy), a-linolenic acid (+0.1% energy)
and trans FA (+0.5% energy) and lower levels of palmitic acid (-4.2% energy) and
alcohol (-1.2% energy) in one diet compared with the other diet (all differences p
<0.05). Total cholesterol, LDL-C and HDL-C levels and total:HDL-C were
significantly lower following the trans FA-containing diet compared to the
palmitic-rich diet. Although effects of trans FA at levels relevant to the range of
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UK intake were investigated in this study, differences in FA levels other than trans
FA in the experimental diets do not allow clear conclusions to be drawn.

An evaluation of the relative effects of trans FA of vegetable oil origin (mainly
trans 18:1, n-9) compared with trans FA of animal origin (mainly trans 18:1, n-7) has
not previously been possible due to unavailability of sufficient amounts of trans
18:1, n-7 that can be fed in an intervention diet without introducing differences in
other dietary FA. However, Chardigny et al (2007) have reported details of an RCT
that has compared effects of 2 diets that provided ~4% energy as trans FA. One
diet (IP) was rich in industrially produced vegetable oil (trans 181, n-9), the other
diet (NatS) was rich in animal trans FA (trans 18:1, n-7). Gender specific effects in
lipoprotein response to the test diets were reported for HDL-C, LDL-C and total
cholesterol (p <0.05 for all). In women, the NatS trans FA diet caused significant
increases in total, HDL-C and LDL-C concentrations compared to the IP trans FA
diet, whereas no differences were observed in men. Although no significant
treatment by gender interaction was reported for TAG effects, levels were
significantly higher following the NatS trans FA diet compared to the IP trans FA
diet in women, but not in men. The data show trans FA sourced naturally and from
industrial processing are both associated with risk factors for coronary heart
disease. In the case of NatS trans FA there are relatively adverse effects on total,
LDL-C and TAG compared with IP trans FA. However, in the case of IP trans FA
there are relatively adverse effects on HDL-C compared with NatS trans FA. Why
such effects should be evident in women but not men is not clear, but may need
to be given further consideration in light of the fact that much of the
epidemiological data is derived from a large prospective study in women (Nurses’
Health Study).

Other circulating risk biomarkers for CHD

Postprandial TAG (lipemia) — randomised acute meal studies

Elevated postprandial TAG responses to fat containing meals has been shown to
be associated with increased risk of CHD, and may be mediated via direct effects
of TAG containing particles on the atherogenic process, or via indirect effects on
other circulating lipoproteins (Williams, 1997). A number of studies have been
conducted to assess the acute impacts of meals of varying trans FA levels on
circulating postprandial TAG responses (Table 4A, Annex 2).

Sanders et al (2000) investigated the effects on postprandial lipemia of 5 high fat
meals (enriched with medium chain FA, palmitic acid, stearic acid, trans 18:1, n-9 or
cis 181, n-9) and a sixth low fat meal in 16 healthy subjects. Postprandial TAG at 3
hours following the trans FA meal was significantly greater than that recorded
after the stearic acid, medium chain fatty acid and low fat meals (all, p <0.001). The
level of trans FA fed in the meal (-25% energy as trans FA) is markedly higher than
might be found in typical mixed meals.
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Tholstrup et al (2001) compared effects of 6 test meals high in stearic, palmitic,
oleic and linoleic acids, trans FA 181 and palmitic plus myristic acids There were
no significant differences reported between effects of the trans FA meal and the
other 5 test meals.

Gatto et al (2003) compared the effects of two meals, which were identical
except one contained 10% energy as trans FA 181, the other 10% energy as cis 18:1.
There were no differences in postprandial lipid responses between meals. Rate of
cholesteryl ester (CE) transfer between lipoproteins was increased on
consumption of both meals, but this increase occurred to a significantly greater
extent (28%) following the trans FA meal compared to the cis 181 meal (p <0.0001).

Lefevre et al (2005) compared the acute effects of two test meals over a period
of 16 days, during which background dietary composition was controlled. In the
test meals 20% energy was provided in the form of MUFA, either all from cis 1811,
n-9 or else 10% energy from cis 181, n-9 as and 10% energy from trans 18:1, n-9.
Although replacement of cis 181 for trans 181 tended to produce a lower
postprandial TAG response, this did not reach statistical significance when
baseline values were accounted for.

In a study carried out by Cantwell et al (2006), the acute effects of partially
hydrogenated fish oil (23% energy as trans FA) on postprandial lipemia were
compared with the effects of palm oil and lard in 8 healthy men. There were no
significant differences in the postprandial lipid response between the three test
meals.

The data provide no evidence that (at levels likely to be consumed in single meals)
trans FA have adverse effects on postprandial lipemia. There may be effects of
trans FA on transfer of lipid moieties between particles during the postprandial
period, which may have implications for the composition and subsequent
atherogenicity of some lipoprotein particles. However, there is insufficient
information in the literature to draw any conclusions regarding this putative
mechanism at the present time.

Oxidative stress

As reported by EFSA (2004), none of the studies which have assessed the in vitro
susceptibility of LDL particles to undergo oxidation following consumption of
high trans FA diets have revealed any adverse effects of trans FA on LDL
oxidisibility. The relevance of in vitro findings for the in vivo situation is uncertain.
Findings from 2 recent studies that have investigated the effects of trans FA on
markers of oxidative stress are considered (Table 5A, Annex 2).

Kuhnt et al (2006) conducted a parallel trial in healthy subjects (n =24) which
compared the effects of 6 weeks supplementation of a trans FA rich oil with a
control, trans FA free, oil. The trans FA diet caused a significant increase in urinary



Update on trans fatty acids and health

107.

108.

109.

110.

.

n2.

8-is0-PGF2- (an in vivo marker of free radical induced lipid peroxidation) over time
which was also significantly higher than that reported in the control group. There
were no effects of the diets on other markers of oxidative stress or DNA damage.
However, plasma levels of a-tocopherol were significantly lower in the trans FA
group compared to the control.

A double blind, randomised, parallel trial carried out by Tholstrup et al (2006)
which compared the effects of two diets (2.2% energy as trans FA vs. 0.4% energy
as trans FA) found no differences between the test diets in urinary 8-isoPGF2-
levels (p =0.93).

Haemostatic function

Seven studies that were not considered in the EFSA 2004 report have described
effects of trans FA on haemostatic function (Table 6A, Annex 2).

Turpeinen et al (1998) conducted a randomised parallel study comparing the
effects of 2 diets (-9% energy as stearic acid vs. ~-9% energy as trans 18:1) in 80
healthy subjects. No significant differences in in vivo platelet aggregation, as
assessed by B-thromboglobulin and 2,3-dinor-6-keto-PGF1- levels, or in vitro ADP-
induced platelet aggregation or thromboxane B2 production were reported
between diets. Collagen-induced platelet aggregation was significantly increased
after the stearic acid diet (p <0.05) compared to the trans FA diet.

In a randomised cross-over study carried out at 3 European centres in 88 male
subjects, Armstrong et al (2000) reported no significant differences in collagen
induced platelet aggregation, platelet thromboxane production, plasma
fibrinogen levels, factor VII, activated factor VIl or plasminogen activator inhibitor-
1(PAI-1) activity levels between a low trans 18:3 diet and a higher trans 18:3 (0-0.6%
energy as trans 18:3).

In an RCT carried out by Sanders et al (2003), a diet composed of ~10% energy as
trans 18:1 was investigated alongside 2 other diets for which trans 18:1 was replaced
by carbohydrate or cis 18:1. No significant differences in fasting fibrinogen, D-dimer
(marker of fibrin degradation), factor VII coagulant concentrations or PAI-1 and
tissue plasminogen activator (tPA) activity levels were reported between diets.

Tholstrup et al (2003) compared the postprandial effects of 6 meals with 50.6%
energy as fat (comprising 41-47% from stearic, palmitic, oleic, linoleic, trans 18:1 or
a mix of palmitic and myristic acids) on haemostatic factors in 16 young men.
Levels of activated factor VII were lower after the stearic meal compared to the
trans 181 meal (p =0.017). No significant differences in postprandial factor Vi
coagulation activity, PAI-1 levels or activity or tPA activity were recorded between
the trans 181 meal and the other meals investigated.
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Baer et al (2004) carried out a randomised cross-over trial which investigated the
effects of 5 diets. Diets provided 39% energy from fat, 8% of this fat energy was
composed of cis 181, trans 1811, stearic acid, a 50:50 mix of trans 181 and stearic
acid or 12:0-16:0 SFA. A sixth diet was investigated for which 8.5% energy from fat
was replaced by carbohydrate. Fibrinogen levels were significantly greater
following the stearic acid diet compared with the trans FA diet. The high levels of
trans FA investigated in this study (8%) compared with the average dietary trans
FA intake in the UK (1.0-1.2% energy) should be noted.

Pedersen et al (2005) compared the effects of a PHSO diet (7% energy as trans FA)
with a palm oil diet (11.2% energy from SFA) and another diet rich in PUFA (10.2%
energy as PUFA). Effects on haemostatic function were assessed in a subset of
subjects (n =9 females) that took part in this randomised, cross-over study. No
significant differences in plasma fibrinogen levels, factor VI activity, or PAI-1 and
tPA levels or activity were reported between diet groups.

In a double blind, randomised, parallel trial carried out by Tholstrup et al (2006)
which compared the effects of two butters, one rich (~2.2% energy) and one low
(~0.4% energy) in trans 18, n-7 and n-9, no differences between diets for factor VI
coagulant activity or PAI-1 concentration were reported.

These interventions studies are largely consistent and do not provide strong
evidence that trans FA from partially hydrogenated oils have an impact on
haemostatic function at intake levels within the range, or above those, of the
average UK intake. These findings are in line with the conclusions of EFSA. There
is insufficient evidence to evaluate the relative effects of trans FA from vegetable
oil origin with those of animal origin on haemostatic function.

Blood pressure and endothelial function

Since the report of EFSA (2004), 5 studies have reported effects of trans FA on
blood pressure and/ or endothelial function (Table 7A, Annex 2).

In a randomised cross-over trial carried out in 29 healthy subjects, de Roos et al
(2001) showed a trans FA diet (9.2% energy trans 18:1) significantly reduced flow
mediated dilation of the brachial artery (-1.8%, p =0.015) compared to a diet for
which trans 18:1 was replaced by SFA. In a subsequent acute meal study (n =21
men), de Roos et al (2002) reported no significant difference in acute effects of a
trans FA rich meal (33.8% of experimental fat was trans 18:1) compared to a SFA
rich meal on postprandial flow mediated dilation.

Although the above are the first studies to evaluate the effects of trans 18:1
on fasting and postprandial endothelial function, the levels of trans 18:1 provided
are in excess of that found in UK diets. Concurrent differences in SFA levels
between the diets prevents clear conclusions being drawn regarding effects of
trans FA per se.



Update on trans fatty acids and health

120.

121.

122.

123.

124.

125.

Lichtenstein et al (2003) carried out a randomised controlled cross-over trial
which investigated the effects of 6 different experimental fats, with increasing
levels of trans FA. The experimental fats used in this study made up two thirds of
the fat intake (20% total energy) and provided a range of 0.26-26.1 g/100g trans
181 and trans 18:2. This study reported no significant differences in systolic or
diastolic blood pressure between diets.

Baer et al (2004) carried out a randomised cross-over trial which investigated the
effects of 5 diets composed of 8% energy as cis 1811, trans 181, stearic acid, a 50:50
mix of trans 18:1 and stearic acid or 12:0-16:0 SFA. A sixth diet was investigated for
which 8.5% energy from fat was replaced by carbohydrate. E-selectin levels were
significantly greater following the trans 18:1 diet compared with the other diets (p
<0.05). The high levels of trans FA investigated in this study (8%) compared with
the average dietary trans FA intake in the UK (<2% energy dietary energy) should
be noted.

Dyerberg et al (2004) completed an 8 week RCT designed to investigate the
impact of trans FA and n-3 PUFA intake on risk markers for CHD. Three diets were
investigated; a control diet (0.9% energy as trans FA, 15.7% energy as SFA), a trans
FA diet (6.8% energy from trans FA, 10.3% energy SFA) and a n-3 PUFA diet (0.9%
energy as trans FA, 12.3% energy as SFA). There were no significant differences in
flow mediated dilation, blood pressure, heart variability rate, arterial dilatory
capacity or arterial compliance and distensibility between diet groups.

Few intervention studies have investigated the impact of trans FA on blood
pressure and endothelial function. In agreement with the three studies reviewed
by EFSA (2004), these additional studies show no effects of trans FA on blood
pressure. Evidence is not available to compare the effects of animal and vegetable
oil trans FA. Evidence for effects of trans FA based on relevant intake levels (0.5-
3% dietary energy) is also lacking.

Inflammation

The effects of trans FA on markers of inflammation were not considered in the
EFSA report, but given increasing evidence of a role for inflammation in the
pathogenesis of CHD, intervention trials with these endpoints have been
considered in the present report (Table 8A, Annex 2).

Han et al (2002) compared the effects of 3 diets; a soybean oil diet (0.6% energy
as trans FA), a soybean oil stick margarine diet (6.7% energy as trans FA) and a
butter diet (13% energy as trans FA) in a double-blind, randomised cross-over
study. Production of tumour necrosis factor-a (TNFa) and interleukin-6 (IL-6) by
extracted, stimulated, mononuclear cells was significantly greater following the
stick margarine diet compared with the soybean oil diet (p <0.05 for both
outcomes). Changes in markers of immune response (delayed-type
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hypersensitivity, lymphocyte proliferation and IL-2 production) were not
consistent with levels of trans FA in these diets.

Lichtenstein et al (2003) carried out a randomised controlled cross-over trial
which investigated the effects of 6 diets, with increasing levels of trans FA. The
experimental fats used in this study made up two thirds of the fat intake and
provided a range of 0.26-2611 g/100g trans 181 and trans 18:2. This study reported
no significant differences in CRP levels.

Baer et al (2004) carried out a randomised cross-over trial which investigated the
effects of 5 diets. Diets provided 15% energy from protein, 46% energy from
carbohydrate (CHO) and 39% energy from fat, with 8% of this fat energy was
composed of cis 1811, trans 18], stearic acid, a 50:50 mix of trans 181 and stearic
acid or 12:0-16:0 SFA. A sixth diet had 85% energy from fat replaced by
carbohydrate. CRP levels following the trans FA were significantly greater than the
carbohydrate diet, cis 18:1 and the trans FA:stearic acid diets. IL-6 levels were also
significantly increased on the trans 18:1 diet compared to the cis 18:1 diet. The high
levels of trans FA investigated in this study (8%) compared with the average
dietary trans FA intake in the UK (<2% energy) should be noted.

A double blind, randomised, parallel trial carried out by Tholstrup et al (2006)
which compared the effects of two butters, one rich and one low in trans 18:1, n-7
found no differences between the test diets in CRP concentrations.

Kuhnt et al (2007) reported findings of an RCT which compared the effects of 6
weeks supplementation of a trans FA rich oil (6g/day trans 18:1, n-11: n-12) with a
control, trans FA free oil. No significant differences in circulating immune cells
(lymphocytes, monocytes, granulocytes), subgroups of lymphocytes, TNFa, IL-1B3,
IL-6, IL-8, IL-10, IL-12-p70, leptin, adiponectin, secretory phospholipase A2, 6-keto-
peostaglandin Fla, a marker of endothelial prostaglandin, or CRP were reported
between diet groups.

A randomised, double-blind cross-over study by Mensink (2007) compared the
effects of two diets, comparable in physical characteristics, but with greater levels
of stearic acid (+1.3% energy), cis 181 (+2.9% energy), a-linolenic acid (+0.1% energy)
and trans FA (+0.5% energy) and lower levels of palmitic acid (-4.2% energy) and
alcohol (-1.2% energy) in one diet compared with another (all differences p <0.05).
No difference in CRP levels was recorded between the diets.

The above study provides the first data on the new generation of hydrogenated
oils developed to have reduced trans FA levels and provides data based on the
relevant range of trans FA intake (0.5-3% energy). However, trans FA were not the
only dietary variable between groups and therefore clear conclusions cannot be
drawn.
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Only one of the 6 intervention studies described above has shown adverse
effects of higher levels of trans FA intakes on markers of inflammation. The levels
of trans FA used in this study were significantly higher (8% dietary energy) than
current UK intakes (1.0-1.2% food energy). Current findings do not allow a
comparison of effects between vegetable oil and animal sources.

Summary — trans FA and novel biomarkers of risk of CHD

Data obtained from a number of RCTs of diets of varying trans FA content, and of
meals of varying trans FA composition, have not consistently demonstrated
adverse effects of these FA on a range of biomarkers for CHD. Biomarkers that
have been evaluated include classical biomarkers such as blood pressure and CRP,
as well as emerging risk markers such as postprandial lipemia, lipid oxidation,
markers of haemostasis and of circulating and in vivo measures of endothelial
function and vascular inflammation. The studies are relatively few in number in
most cases. However, their largely neutral findings to date support the conclusion
that the adverse effects of trans FA on CHD risk is largely mediated via their
actions in increasing circulating concentrations of pro-atherogenic LDL-C, whilst
also decreasing concentrations of protective HDL-C.

Overall summary — relationship between trans FA
and CHD risk

There is consistent evidence from prospective epidemiology to support a
moderate impact of dietary trans FA on risk of CHD (Willet et al, 1993; Hu et al,
1997, Pietinen et al, 1997; Oomen et al, 2001; Oh et al, 2005). This risk operates over
the range, or slightly higher than the range, of trans FA levels observed in the UK
diet (Figure 2). There is some evidence from these dietary studies to suggest a
stronger association between CHD risk and trans FA from vegetable oil rather than
animal origin. The difference in CHD risk estimates between trans FA of animal
and vegetable oil origin was first reported in the Nurses’ Health Study by Willet
et al (1993). However, re-estimates of risk associated with trans FA of animal and
vegetable oil sources have not been reported in follow-up analysis (Hu et al, 1997;
Tanasescu et al, 2004; Oh et al, 2005). Biomarker measurements of trans 18:2 and
trans 161 in tissues and blood have been proposed to provide surrogate markers
for habitual intakes of trans FA of vegetable oil and animal origin, respectively.
However, the evidence for this does not appear to have been subjected to
systematic scrutiny. A small number of studies have shown stronger association
between trans 18:2 and CHD risk than for other trans isomers, although this is not
a universal finding. It should be noted that 6 out of the 10 prospective studies
considered in this report are based on data from the Nurses' Healthy Study which
provides data on a large cohort of women from the US.

Consistent adverse effects of trans FA on LDL-C, HDL-C and total:HDL-C ratio
have been demonstrated in a number of well controlled randomised trials. The
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data provide a plausible biochemical mechanism to explain the pathophysiology
underlying the prospective epidemiological findings. However, these trials,
including a recent comparison of the effects of trans 18:1, n-9 and trans 18, n-7
(Chardigny et al, 2007), do not enable distinction between the effects on
lipoproteins of trans FA of vegetable oil and animal origin. The latter study has
shown different but adverse effects of trans FA from both sources.

The ability to quantify the increased risk of CHD attributable to that percentage
of the general population currently consuming » 1% food energy as trans FA (61%,
Annex 3), is limited by: i) the fact that estimates of risk for quintiles of intake in the
region 1-2% dietary energy do not differ significantly from 1.0 (Figure 2); ii) a lack
of evidence for a linear relationship between trans FA intake and CHD risk over
the range of 1-2% dietary energy (Figure 2); and iii) the RCTs which have evaluated
the impact of varying doses of trans FA on lipoproteins have not compared levels
of intake between 1-2% dietary energy. Not withstanding these limitations in the
data, estimates for risk reduction have been calculated as part of this review and
are shown in section 5. The estimated risk reductions are based on data for CHD
outcomes as well for impact of trans FA on serum lipoproteins.

Trans FA and cancer

Epidemiological studies and RCTs on trans FA and breast
cancer

Prospective cohort, case-control and ecological studies reported between 1994
and 2006 were reviewed. Data from these studies are summarized in Table 9A,
Annex 2. Four of the 9 prospective studies reported were outputs from the
Nurses’ Health Study. Most of the prospective studies assessed trans FA exposure
by dietary questionnaire; one nested case-control study was based on analysis of
erythrocyte FA while another analysed serum phospholipid FA. The 4 case-
control studies used either serum or adipose tissue FA as the measure of
exposure.

Ecological studies — breast cancer outcomes

Bakker et al (1997) investigated the association of breast cancer incidence and
trans FA status across eleven populations. A statistically significant correlation
was found between trans FA and the incidence of breast cancer in individual
populations, with a Pearson correlation coefficient (r) of 0.89 (95% Cl, 0.62—-0.97).
An increase of 1g trans FA per 100g FA in adipose tissue corresponded to a rise in
incidence of 19.3 cases of breast cancer per 100 000 person-years.
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Case-control studies — breast cancer outcomes

London et al (1993) analysed the gluteal adipose tissue of 380 US women with
newly diagnosed stage | or Il breast cancer and 176 with proliferative benign breast
disease. Although trans FA levels in adipose tissue showed no statistically
significant association with risk of breast cancer, this study used controls subjects
who may have had breast abnormalities, which may have biased the findings.
Petrek et al (1994) also compared the breast and abdomen tissue FA profiles of
women with invasive breast cancer with those of women with a negative
diagnosis for breast cancer. No differences in trans FA concentration were found
between the case and control groups for either tissue type. However, the use of
hospital control subjects reduces the robustness of the study.

The EURAMIC study (Kohlmeier et al, 1997), compared gluteal adipose tissue trans
FA levels in 698 cases of postmenopausal primary breast cancer and matched
controls. There was a strong positive correlation between the adipose tissue level
of trans FA and breast cancer (OR 1.40; 95% Cl, 1.02-193; p for trend 0.03). The ORs
for trans intake after stratification by PUFA tertiles were 3.65 (95% Cl, 217-6.14; p
for trend 0.001) and 0.97 (95% Cl, 0.67-1.40; p for trend 0.85) for the lowest and
highest PUFA tertile, respectively.

Aro et al (2000) reported serum FA levels in 195 cases of breast cancer and 208
population-based controls identified from pre- and postmenopausal Finnish
women between 1992 and 1995. The authors reported an inverse association
between trans 18:1, n-7 and risk of breast cancer with an OR for lowest vs highest
quintiles of 0.2 (95% Cl, 01-0.6), but the authors failed to report the statistical
significance of this trend. Other trans isomers showed no differences between
the case and control populations.

Prospective studies — breast cancer outcomes

Holmes et al (1999) assessed the link between diet and breast cancer in 88 795
pre- and postmenopausal women over 14 years (1980-1994) in the Nurses’ Health
Study. There was a small inverse association between trans FA intake and risk of
breast cancer, although this was not statistically significant. Additional analysis of
the data that included only postmenopausal women who had not reported a
diagnosis of benign breast disease also found no association between trans FA and
breast cancer (Byrne et al, 2002). Similar analysis using 90 655 premenopausal
women enrolled in the second phase of the Nurses' Health study (NHS 1) again
showed no relationship between the disease and dietary trans FA intake (Cho et
al, 2003). The most recent report on the original cohort brings total follow up to
20 years, and again reports no association between trans FA and breast cancer
(Kim et al, 2006).

Pala et al (2001) conducted a prospective study of erythrocyte FA and
prediagnostic breast cancer (the ORDET study) in northern lItaly. The 4052
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postmenopausal participants were followed for an average of 5.5 years. Each
woman who was diagnosed with breast cancer was matched with two randomly-
selected controls, and the composition of the FA in erythrocyte membranes
determined. Oleic acid and MUFA were positively associated with risk of breast
cancer, but trans 18:, n-9 (the only trans FA reported) was not associated with
breast cancer risk.

Serum FA concentrations from 197 pre- and postmenopausal cases of breast
cancer and matched population-based controls in the New York Women'’s Health
Study were assessed by Saadatian-Elahi et al (2002). The authors found no
association between risk of developing breast cancer and consumption of trans
181, n-9 in either pre- or postmenopausal women. No other trans FA were
evaluated in the study.

Voorrips et al (2002) analysed the data from dietary questionnaires of 941 cases
of breast cancer and 1598 subcohort controls in the Netherlands Cohort Study.
There was a significant positive association between increasing trans FA intake and
risk of breast cancer (p for trend =0.01), although the 95% CI for the lowest vs
highest quintile of dietary intake of trans FA encompassed 1.0 (RR 130; 95% Cl,
0.93-1.80). Further analysis to consider the effect of trans 18:1, n-7 showed similar
results, with a highly significant trend across the quintiles of intake (p for trend
=0.006), however, the 95% ClI for individual quintiles were consistently non-
significant (RR 1.34; 95% Cl, 0.98-1.82 for lowest vs highest quintile).

Rissanen et al (2003) studied the relationship between serum trans FA and risk of
breast cancer in 127 incident breast cancer cases and 242 matched population-
based controls from the 8196 women recruited between 1973-1976 for the Mobile
Clinic Health Examination Survey in Finland. Higher serum trans 1811, n-7 levels
were associated with an increased risk of breast cancer (OR 3.69; 95% Cl, 1.35-
10.06), increasing after further adjustment for BMI, serum cholesterol, alcohol
intake, education, exercise and parity (OR 4.23, 95% Cl, 1.36-13.20). The relationship
appeared to be slightly stronger in postmenopausal than in premenopausal
women, but the trend failed to reach statistical significance in either group. There
was no significant correlation with total MUFA trans FA.

A subset of women were randomly selected from a large trial (266 064 women)
of breast self-examination in Shanghai by Shannon et al (2007). The women were
followed between 1995 and 2000. Erythrocyte FA were analysed in 322 cases of
breast cancer and 367 controls, matched for age and menstrual status. A strong
positive association was found between the concentration of trans 18:1, n-7 in the
erythrocytes and breast cancer (OR 2.21, 95% Cl, 1.25-3.88; p for trend 0.002). No
other trans FA were included in the study.

Data from these prospective studies that evaluated dietary trans FA intake are
summarised in Figure 5.
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Animal models evaluating the relationship between trans FA and breast cancer

Selenskas et al (1984) investigated the effect of a high trans FA diet on a
dimethylbenz[a]anthracene (DMBA)-induced rat mammary tumour model. The
diets contained 20% fat by weight, which was either a partially hydrogenated
mixture of 50% soybean oil and 50% cottonseed oil (57.5% 18:1; 22.5% cis monoene
and 35% trans monoene) or a mixture of 58% olive oil, 40% cocoa butter, and 2%
coconut oil (54.7% 1811; all in cis configuration). Apart from differences in trans FA,
the diets contained similar levels of other FA. Tumour incidences for the trans and
cis FA diets were 32% and 40%, respectively, with no statistical differences
between groups.

Using the same blend of trans and cis FA, Erikson et al (1984) examined effects of
the diets on the growth and metastasis of implanted mammary tumour cells. The
study also considered varying amounts of fat, with diets containing either 5% or
20% fat by weight. Cells were injected into female BALB/c mice either
subcutaneously or intravenously. Mice with subcutaneous implants showed no
differences in latency period, tumour growth rate or final tumour size, regardless
of fat type or amount. However, in mice receiving the intravenous implants, the
liver and spleen from those fed the cis FA diets contained significantly more
viable tumour cells than did those from mice fed the trans FA diets.

Lock et al (2004) observed that when trans 18:1, n-7 is converted to CLA it exerts
an anticarcinogenic effect against rat mammary tumour initiation and growth.
However, the presence of trans 18:, n-7 does not affect cancer development
when this conversion is blocked.

Epidemiological studies and RCTs on trans FA and
colorectal cancer

One prospective cohort, 1 ecological and 4 case-control studies published
between 1997 and 2007 were reviewed (Table 10A, Annex 2). Apart from the
ecological study, all studies used dietary assessment as the measure of exposure
to trans FA.

Ecological studies — colorectal cancer

An ecological investigation of the association between colon cancer and trans FA
status in 8 European countries and Israel was undertaken by Bakker et al (1997). A
statistically significant correlation was found between colon cancer and the level
of trans FA in adipose tissue (r =0. 93, 95% Cl =0.74-0.98).

Case-control studies — colorectal cancer

The association between colorectal adenomatous polyps and the consumption
of foods containing partially hydrogenated oils was examined by McKelvey et al
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(1999). Dietary intake was obtained from a self-administered FFQ. While there was
evidence of a positive association between total dietary trans FA and adenomas,
this did not reach statistical significance (OR 1.6, 95% Cl, 0.82-3.2).

Slatterly et al (2001) studied 1993 cases with colon cancer and 2410 population-
based controls matched for age and sex. Dietary information was collected via a
detailed diet history questionnaire. A significant positive association was found
between trans FA consumption and colon cancer risk in women (OR 1.5; 95% Cl,
1.0-2.4 for highest vs. lowest quintile), with a positive but not statistically
significant association in men (OR 12; 95% Cl, 0.9-1.7). Postmenopausal women
who were not taking hormone replace therapy (HRT) had a twofold increase in risk
from high levels of trans FA in the diet (OR 1.6; 95% Cl, 11-2.5), while the risk of
developing colon cancer was unaffected by dietary trans fat in women on HRT
(OR 0.9; 95% Cl, 0.6-1.5; p for interaction =0.06).

Nkondjock et al (2003) compared the data from the dietary questionnaires of 402
cases of colorectal cancer with 668 population-based controls in Montreal
between 1989 and 1993. No relationship was found between consumption of trans
FA and the development of colorectal cancer in either men or women.

Effects of FA on risk of colorectal cancer were examined in a case-control study
involving 1455 cases and matched population-based controls from the Study of
Colorectal Cancer in Scotland (Theodoratou et al, 2007). There was no
association between total trans FA consumption and colorectal cancer after
adjustment for intake of energy and total FA (OR 1.30; 95% Cl, 0.97-1.75; p for trend
=0.251).

Prospective studies- colorectal cancer

Lin et al (2004) used dietary and health questionnaires from 37,547 women in the
Women’s Health Survey (1993 and 2003) to examine associations between diet and
colorectal cancer. The authors found no statistically significant link between
consumption of trans FA and colorectal cancer through their standard
multivariate risk analysis, although the relative risks for trans FA intake became
stronger when adjusted for consumption of other types of fat and cholesterol
(highest vs lowest quintile RR 1.59; 95% Cl, 0.94-2.70; p for trend =0.06). There was
a strong positive association between intake of fried foods away from home and
colorectal cancer risk (RR 1.86; 95% Cl, 1.09-3.16; p for trend =0.01).

Data from these case-control and prospective cohort studies that evaluated
dietary trans FA intake are summarised in Figure 6.
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Animal models — colorectal cancer

Watanabe et al (1985) used the dimethylhydrazine model to examine the effect of
trans fats on colon cancer in Fischer rats. A partially hydrogenated corn oil and
olive oil were used at 10% by weight in the diet, and fed for 15 months. The
partially hydrogenated corn oil contained 42% trans 81 and 27.2% cis 18:1 FA,
whereas the olive oil contained 74.1% cis 18:1. At the end of the study, there was
no statistically significant difference in colon tumour incidence, with rates of
35.3% and 31.3% in animals receiving partially hydrogenated corn oil and olive oil,
respectively.

A similar study with a strain of animals especially susceptible to colon cancer
(Wistar-Furth-Osaka) was carried out by Sugano et al (1989). High trans FA partially
hydrogenated corn oil was compared with high-18:1 safflower oil at 5% of energy.
The incidence of DMBA-induced tumours in small and large intestines were 63%
and 75%, respectively in the animals fed partially hydrogenated corn oil and 65%
and 71%, respectively, in the group fed high-181 safflower oil.

Hogan and Shamsuddin (1984) fed inbred female F344 rats (n =30 per group) a diet
containing 25% trans 181 fat or 25% cis 18:1 fat, and injected the animals weekly
with azoxymethane to induce large intestinal carcinomas. Although 4 more
animals receiving the diet containing trans fat developed tumours than those
receiving the cis fat diet, this difference was not statistically significant. Identical
numbers of animals from each group developed extracolonic neoplasms.

Reddy et al (1985) studied the effect of increasing dietary levels of trans fat on
azoxymethane-induced colon carcinogenesis in rats. Three diets were prepared,
each containing 23.5% fat by weight, but with varying amounts of the trans fat mix
and Oleinate, the latter used to balance the amount of 18:1 across the diets. The
three diets were referred to as low-trans-fat (59% trans fat + 11.7% Oleinate + 59%
corn oil), intermediate-trans-fat (11.7% trans fat + 5.9% Oleinate + 5.9% corn oil),
and high-trans-fat (17.6% trans fat + 5.9% corn oil). For the low-, intermediate- and
high-trans-fat diets, the incidences of colon tumours were 63%, 67%, and 57%,
respectively, while incidences of small intestinal tumours were 40%, 43%, and 37%,
respectively

Epidemiological studies and RCTs on trans FA and
prostate cancer
One case-control, 2 prospective and 1 ecological studies were reviewed; 1

prospective study used serum phospholipids as the measure of exposure to trans
FA, the others used dietary assessment (Table T1A, Annex 2).
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Ecological studies — prostate cancer

The ecological study by Bakker et al (1997) also examined the association between
prostate cancer and trans FA status measured in adipose tissue. There was no
statistically significant correlation between prostate cancer and the level of trans
FA.

Case-control studies — prostate cancer

Liu et al (2007) assessed the potential modification of risk by a functional
polymorphism in the RNASEL gene (R462Q) in a study involving 1012 cases of
prostate cancer and matched controls. Among Caucasians (n =834), they reported
a statistically significant positive association between prostate cancer and the
intake of individual and combined trans FA (OR 2.77; 95% Cl, 1.60-4.79 for lowest
vs highest quartile, p for trend =0.0003). The association remained strongly
significant for all groups of trans isomers (161,181 and 18:2, all p <0.005). There was
no association for African American individuals. When the data for Caucasians
was stratified by genotype, the association between total trans FA intake and
prostate cancer was very strong among men with the QQ/RQ genotype (ORs of
higher quartiles of 293 (95% Cl, 1.62- 5.30), 313 (95% Cl, 1.64-5.98) and 4.80 (95% Cl,
2.29-10.08)). All groups of trans isomers had p values <0.005. For men with the RR
genotype, neither total trans FA intake nor intake of any group of trans isomers
was associated with prostate cancer.

Prospective studies — prostate cancer

The Netherlands Cohort Study recruited 58,279 men between 55-69 years of age
in 1986. The men completed a questionnaire on their usual diet and general risk
factors for cancer, and were followed for 6.3 years. No association was found
between total trans FA consumption and development of prostate cancer
(Schuurman et al, 1999).

Serum phospholipid trans FA levels were compared in male subjects that had
been recruited for the R-Carotene and Retinol Efficacy Trial (CARET), a
randomized trial of supplemental R-carotene and retinol for the prevention of
lung cancer among 18,314 heavy smokers and asbestos-exposed workers (King et
al, 2005). A sample of 272 men that developed prostate cancer and 426 matched
controls showed increasing prostate cancer risk with higher levels of trans 1811, n-
7 (OR 1.69; 95% Cl, 1.03-2.77). Other trans C18 FA had positive trends with p-values
of between 0.07 and 012, but none of the trans C16 FA were close to statistical
significance.

Data from these case-control and prospective cohort studies that evaluated
dietary trans FA intake are summarised in Figure 7.
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Epidemiological studies and RCTs on trans FA and other
cancers (Table 12A, Annex 2)

Non-Hodgkin’s Lymphoma

It has been suggested that a higher intake of dietary fats could decrease immune
response, leading to increased risk of developing non-Hodgkin's lymphoma (NHL).
Zhang et al (1999) used dietary and health data from the Nurses’ Health Study to
examine the possible links between NHL and amount and type of fat. A strong
positive relationship was found between higher intakes of trans FA and an
increased risk of the disease, with a RR for highest versus lowest quintiles of 2.4
(95% Cl, 1.3-4.6; p for trend 0.01). The statistically significant association between
trans FA consumption and development of NHL remained after further
adjustments for other types of fat, protein, alcohol, and fruit and vegetable intake.
The authors also considered the importance of the source of the trans FA, and
found that the link between NHL and trans FA consumption was stronger for
vegetable fat sources (RR 19; 95% Cl, 1.2-31; p for trend =0.03) than animal fat
sources (RR 14; 95% Cl, 0.8—2.2; p for trend =0 .15). However, it must be noted that
this study based trans FA intake on the dietary questionnaire completed in 1980,
which is likely to introduce significant error due to the changes in food
manufacturing and personal food choices over the course of the study.

QOvarian cancer

Data from the Nurses’ Health Study was also used to assess the possible link
between diet and risk of ovarian cancer (Bertone et al, 2002). In the 80 258 pre-
and postmenopausal women included in the analysis, 301 cases of ovarian cancer
were diagnosed. There was no association between consumption of trans FA and
development of the disease (RR 1.03; 95% Cl, 0.72-1.47; p for trend =0.87).

Pancreatic cancer

Michaud et al (2003) used the dietary and health data from the Nurses’ Health
Study to determine whether there was an association between diet and risk of
developing pancreatic cancer. There was no correlation between the intake of
trans FA and diagnosis of pancreatic cancer (RR 091, 95% Cl =0.58-1.43, p for trend
=0.44).

Summary — evidence for association between dietary
trans FA and development of cancer
Overall, there are few studies that have assessed the relationship between trans

FA intakes and cancer at specific sites. The cancer site for which most evidence is
available on which to base a risk assessment is breast cancer, for which there are
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4 case-control and 9 prospective studies reported in the literature. Of the
prospective studies, 3 are outputs from the original Nurses' Health Study, which
has now reported follow up of breast cancer over a period of 20 years with no
evidence of an association with trans FA intakes (Holmes et al, 1999; Byrne et al,
2002; Kim et al, 2006). Three other prospective studies have reported a positive
association (Voorrips et al, 2002; Rissanen et al, 2003; Shannon et al, 2007). Animal
studies provide no evidence for an effect of trans FA on mammary
tumourigenesis. A plausible biological mechanism to explain any adverse effect of
trans FA on breast cancer is lacking.

Evidence for association between trans FA and cancers at other sites is sparse or
limited and do not enable any meaningful risk assessment to be undertaken. This
is in line with the EFSA (2004) assessment. However, recent evidence for an
association between trans FA intakes and prostate cancer from a nested case-
control study (King et al, 2005), and for a strong positive interaction between
trans FA intakes and the RNASEL QQ/RQ genotype (-35% of the population) in a
large case-control study (Liu et al, 2007), warrant further investigation. The
RNASEL gene is involved in protein coding and is a mediator of interferon action.
Mutations in this gene have been associated with predisposition to prostate
cancer, and the gene has been identified as a candidate for the hereditary prostate
cancer 1(HPCI) allele.

The strong association between NHL and trans FA intakes reported from the
Nurses’ Health Study (Zhang et al, 1999) will require further verification by means
of intake data based on more recent estimates of trans FA in this study
population.

A statistically significant association was reported for vegetable oil trans FA but
not animal trans FA and non-Hodgkin's Lymphoma (Zhang et al, 1999). Three
prospective studies on breast cancer (Voorrips et al, 2002; Rissanen et al, 2003;
Shannon et al, 2007) and a prospective study on prostate cancer (King et al, 2005)
reported a positive association that was strongest for trans 18:, n-7. However, the
presence of trans 181, n-7 in both vegetable oil and animal products prevents this
data from providing clear conclusions on the effects of the different sources.

Trans FA and obesity

Epidemiological studies and RCTs on trans FA and obesity
and weight gain

This review evaluates case-control and prospective epidemiological studies
(Table 13A, Annex 2) and RCTs and meal studies reported between 1990 and 2007
(Table 14A, Annex 2). Relevant cell and animal studies have also been included
(1977-2007). The single case-control study assessed trans FA exposure using
adipose tissue, while all prospective cohort studies quantified exposure to trans
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FA by dietary assessment. Three of the 5 prospective cohort studies are based on
data from the Nurses’ Health Study. Three meal studies evaluated the acute
response to trans FA during a single breakfast meal, while a RCT considered the
longer-term effects during dietary replacement of FA for 4 weeks. The RCT and
meal studies reported changes in characteristics that may influence body weight,
such as fat oxidation, energy expenditure and appetite.

Case-control studies — obesity and weight gain

The FA content of adipose of Brazilian individuals with different BMIs was
compared by Bortolotto et al (2005). Morbidly obese participants (BMI » 40) who
were undergoing bariatric or abdominal surgery provided 32 samples of visceral
fat and 31 samples of retroperitoneal fat, while 18 samples of subcutaneous fat
and 9 samples of visceral fat were obtained from non-obese control subjects (BMI
<30) who had various non-obesity-related surgical procedures. Overall, the trans
FA content was higher in the visceral adipose tissue (8.74% + 0.29 for obese group,
9.29% = 0.59 for non-obese group) than either the retroperitoneal (6.40% = 0.50)
or subcutaneous tissue (6.94% = 0.72). There was no difference in average trans FA
levels between the groups.

Prospective studies — obesity and weight gain

Colditz et al (1990) monitored the change in body weight over 8 years (1976-1984)
of 31,940 nonsmoking women from the Nurses’ Health Study. Age, relative weight,
and prior weight change were more strongly associated with recent weight change
than were the intake patterns of specific nutrients. All lipids other than vegetable
fat were positively related to BMI, with the strongest association for trans FA
intake (R =0.191, t =9.3). This would correspond to an increase in weight of 0.52 or
0.62 kg over 8 years for an individual 1.65 or 1.8 m tall, respectively. However, when
the effects of all nutrients studied were combined, they only explained 0.8% of
weight change over this 8-year period. No information on the levels of trans FA
consumption or additional statistical analysis was reported. Data from the Nurses’
Health Study from the period 1986 to 1994 was also used by Field et al (2007) to
study the association between dietary fat and weight gain among 41,518 women.
Weight and diet were assessed using questionnaires at baseline and again after 8
years. Increases in dietary MUFA and PUFA over that period were not associated
with weight gain, but increases in animal fat, SFA, and trans FA had a positive
association with weight change. Among overweight women, for every 1% increase
in percentage of calories from trans FA, there was an additional 2.3 |b (1.04 kg)
weight gain over the 8 years (95% Cl, 1.80-2.86; p <0.0001). The weight gain for
normal weight women during this period was 1.2 |b (0.54 kg) for every 1% increase
in trans FA (p <0.0001). Wannamethee et al (2004) investigated the link between
alcohol intake and weight gain in the Nurses’ Health Study between 1991 and 1999,
and reported that weight gain associated with heavy drinking compared with light
to moderate drinking appeared to be more likely in women who consumed higher
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levels of trans FA, although this interaction was not statistically significant (p
=010).

Koh-Banerjee et al (2003) examined dietary questionnaires and self-reported
waist circumference of 16,587 men involved in the Health Professionals’ Follow-up
Study (HPFS). The reproducibility and validity of the self-reported measures of
waist circumference was evaluated by comparing them with technician-assessed
measurements taken 6 months apart in a subset of cohort participants (Rimm et
al, 1990). The self-reported waist circumference and the average of 2 technician
measurements were highly correlated (r =0.95). HPFS participants who developed
cardiovascular disease, cancer, or diabetes were excluded, as development of
those diseases may alter weight and waist measures, dietary intake, and physical
activity level. The analysis found that if 2% of total energy intake from
carbohydrates or PUFA was substituted for trans FA isoenergetically, there was a
9-year increase in waist circumference of 0.53cm or 0.52cm, respectively (p
=0.007 for both substitutions). The authors performed further adjustment of the
data to compensate for measurement error in the significant predictors (such as
the relationship between reported dietary fat intake and actual fat intake, as
determined by a validation study), after which the substitution of PUFA with trans
FA at 2% of energy was associated with a 2.7 cm increase in waist circumference
over 9 years (p <0.001).

The association between postpartum weight retention and diet and lifestyle
factors was examined in 902 women at 6-12 months postpartum by Oken et al
(2007). For each 0.5% increase in energy from trans FA consumed, the OR for
retaining 5kg at 12 months was 1.33 (95% Cl, 1.09 —1.62). The OR for weight retention
by women who had trans FA consumptions below the median was 0.23 (95% Cl,
0.08-0.66).

Randomised controlled trials and meal studies —obesity and weight
gain

The oxidation rates of 7 different FA given in test meals, in 4 healthy men were
examined by Delany et al (2000). The participants consumed an isoenergetic
weight-maintenance diet containing 40% of energy as fat for 7 days prior to the
first test meal, and continued on the diet throughout the study. Each test meal
included a specific 13C-FA (lauric, palmitic, stearic, cis 181, n-9, trans 181, n-9,
linoleic or linolenic) at levels of 10 mg/kg body weight, provided in the form of a
hot liquid meal. The participants received the test meals in random order, one
every 2-4 days until all FA had been consumed. After consumption of the test
meal, breath samples were collected for 9 hours, and the oxidation of each FA
assessed by measuring the amount of liberated 13CO2 in the breath. The oxidation
rates were in the order of lauric > linolenic > trans 18:1, n-9 > cis 181, n-9 > linoleic
> palmitic > stearic. Differences in oxidation rates between the cis and trans FA
were not statistically significant.
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Lovejoy et al (2002) performed a randomised, double-blind, cross-over feeding
study comparing three 4-week diets in 25 healthy subjects. Each diet contained
57% of energy from carbohydrate, 15% protein, and 28% fat (~ 9% of energy from
trans 181, cis 181 or 16:0 FA). The 25 subjects included males and females of normal
(BMI <25 kg/m?) and heavier (BMI 25-30 kg/m’) body weight. Body weight was
maintained at a constant level throughout the study. Rates of oxidation for
carbohydrate and fat were measured at the end of each 4-week diet, and results
analysed using sex and diet order as covariates. Subjects oxidised significantly less
fat on the MUFA diet (26.0 ffl 1.5 g/day) than on the trans FA diet (314 ffl 1.5 g/day)
(p =0.02). Fat oxidation on the SFA diet was not significantly different from either
of the other diets (29.0 ffl 1.5 g/day). There was no significant effect of diet on
carbohydrate oxidation, although as expected the trend was in the opposite
direction to that of fat oxidation.

The effect of different C18 FA on appetite and energy expenditure was assessed
in 19 overweight young men (Flint et al, 2003) given three isoenergetic test meals
containing 60% energy from fat and enriched with either PUFA, MUFA or trans FA
(32% of energy from trans FA). The energy content of the meal was adjusted so
that each participant consumed 0.8 g of fat/kg body weight. Energy efficiency
(respiratory gas exchange) was measured continuously in a respiration chamber,
and appetite rated by visual analog scales at regular intervals. After 5 hours, an ad
libitum meal was served, and energy intake was registered. There were no
differences in acute postprandial appetite, ad libitum energy intake or energy
efficiency between the test meals.

Lefevre et al (2005) investigated the acute effects of a single isoenergetic meal
containing either cis or trans 181 in moderately overweight but generally healthy
individuals, with and without the Thr54 FABP2 allele (12 Ala/Ala; 8 Thr/Ala, 2
Thr/Thr at codon 54 in FABP2). The participants were fed a basal diet containing
24% fat for 16 days. On days 10 and 16, they were fed a large (40% of daily energy
requirements) high-fat (50% of energy) breakfast meal that contained 10% energy
from either cis or trans 18:1 FA. No difference was observed in fat or carbohydrate
oxidation between the two meals. Sex and age were the only covariates used in
the analysis.

Cell studies — obesity and weight gain (Table 15A, Annex 2)

Panigrahi and Sampugna (1993) investigated the effect of trans FA on Swiss mouse
fibroblast 3T3-L1 cells, a widely-used adipocyte model. Cells were cultured in the
growth media supplemented with FA complexed to bovine serum albumin. The
control and test FA mixtures contained a range of FA, but the only significant
difference between them was the level of C18 FA. Cell-conditioned media and
cellular lipids at the preadipocyte and differentiating adipocyte stages were
analyzed. At both stages of development, less fat had accumulated in cells
cultured in the presence of trans FA (p <0.05), with a reduction in the total
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nonpolar lipid content of the cells. The cells exposed to the trans FA also had
higher linoleate to arachidonate (ARA) ratios (p <0.05). Comparisons of the total
amounts of other FA in the cells suggested that trans FA might have replaced
MUFA in the nonpolar lipid fraction and SFA in the polar lipid fraction.

Cromer et al (1995) compared the lipolysis and glucose utilization of rat
adipocytes incubated for 2 hours in media containing cis 181, n-9, trans 181, n-7 or
trans 18:, n-9 FA. Both trans isomers caused a significant reduction in the amount
of glucose converted to cell lipid (p <0.01) and in the oxidation of glucose to
carbon dioxide (p <0.05), while increasing the rate of lipolysis. The authors
concluded that trans 181 FA isomers had catabolic effects on adipocyte
metabolism that occurred regardless of the position of the double bond, the FA
concentration in media or the FA to albumin ratio.

Animal studies — obesity and weight gain (Table 15A, Annex 2)

Rodent models

Privett (1977) found that the addition of 5% trans 181, n-9 or trans 18:2, n-9, 12 FA
to the diets of EFA deficient rats lowered their growth response to linoleic acid.
After 24 weeks, both trans FA were found to have accumulated to relatively high
levels in the serum and liver (up to 17.0% and 17.9% of FA, respectively). The trans
FA also impaired the conversion of oleic acid to eicosatrienoic acid and linoleic
acid to ARA, and reduced the incorporation of eicosatrienoic acid into cholesteryl
esters (CE). Serum lecithin:cholesterol acyl transferase (LCAT) activity was
unaffected by trans 18:1, n-9 but was significantly decreased by trans 18:2, n-9, n-
12. These results suggest that the trans FA affect the interconversion of
unsaturated FA and the activity of LCAT and lipoprotein lipase (LPL).

The effect of a diet containing cis and trans FA on the FA composition and fat
accumulation in mouse adipose tissue was examined by Atal et al (1994). Male
C57B1/6) mice were fed diets that contained 10 wt% fat (511% cis 18:1 or 25.4% cis
18:1 and 25.5% trans 18:1) Over 2-24 months, body weight, epididymal fat pad
weight, perirenal fat yield, adipose tissue cellularity and FA composition were
examined. Adipose tissue lipids from animals on the trans FA diet had a higher
percentage of 14:0 and 18:2, n-6 and lower percentage of cis-18:1 and 20:4, n-6. The
animals receiving the trans FA had lower body weights (16 and 24 months of age),
epididymal fat pad weights (8—24 months of age), perirenal fat weights, TAG to
polar lipid ratios and adipose cell size than the animals fed the cis FA (all p <0.05).

To examine the energy utilisation of different FA, Colandre et al (2003) fed Wistar
rats diets that were rich in trans FA, cis FA or SFA for 30 days (0-51% of energy
from trans FA). The fats were obtained through isomerisation or hydrogenation of
the cis FA source (maize oil), ensuring the FA chain lengths were similar in all three
diets. Weight gain at the end of the study was similar between the SFA and cis FA
groups, but was slightly (but not significantly) lower in the animals fed the trans
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FA. Epididymal fat pads were significantly smaller in animals on the cis diet than
either of the other diets (p =0.0007). The apparent fat absorption was 85.7% = 34,
931% = 0-4 and 96.7% = 11 for the SFA, trans FA and cis FA diets, respectively (p
<0.0001). The efficiency of energy utilization was lower in the trans FA (165 %) and
SFA (152 %) diets than the cis FA diet (18.7%), but this difference was only
statistically significant between SFA and cis FA.

Primate models

Kavanagh et al (2007) conducted a long term intervention study in which male
African green monkeys (n =42) were fed maintenance diets containing 35% of
energy as fat. This fat was composed of either cis MUFA (<1% of energy from trans
FA) or a mixture of cis and trans isomers (~-8% of energy from trans FA) for 6 y. The
authors estimate that this period is equivalent to ~ 15 years in a human. The
animals receiving the trans FA diet gained an additional 7.20 % = 2.70 body weight
compared to 1.78% = 195 for those fed the cis FA diet (p =0.049). Assuming a linear
relationship between weight gain and consumption of trans FA, this would
correspond to an increase of 0.42 or 0.55 kg over 6 years for a 1% increase in trans
FA in an individual with an initial weight of 60 or 80kg, respectively. The trans
group also deposited more fat intra-abdominally for every cubic centimetre of fat
gained, with an intra-abdominal:subcutaneous fat volume ratio of 1.67 + 0.14 and
1.36 = 0.09 for the trans and cis diets, respectively (p =0.018). The trans FA diet also
induced significant postprandial hyperinsulineamia, with insulin concentrations
more than 3-times those of the animals fed the cis FA (p =0.015), and a non-
significant increase in fasting glucose levels (p =0.15). The monkeys fed trans FA
also had a reduction in the phosphorylation of Akt in muscle tissue (p =0.02). The
authors commented that there was no impairment in insulin receptor activation,
suggesting a post-receptor defect. There was no difference in adipose tissue
levels of TNF-a. between the diets.

Summary — trans FA and obesity and weight gain

There are limited data available from epidemiological studies, RCTs and meal
studies on which to base an assessment of risk of obesity or increased weight gain
associated with variation in intakes of dietary trans FA. The 3 reports based on
data from the Nurses’ Health Study showed a small positive association (Colditz
et al, 1990; Wannamethee et al, 2004; Field et al, 2007), with a weight increase
over 8 years of approximately 0.5-1.0 kg for a 1% increase in dietary trans FA. Data
from the HPFS showed a 2% increase in energy intake from trans FA was
associated with a 2.7cm increase in waist circumference over 9 years (Koh-
Banerjee et al, 2003), and a smaller study reported increased weight retention
postpartum in women consuming higher levels of trans FA (Oken et al, 2007).
However, the very small changes in weight or waist diameter observed over 8-9 y
periods suggest that if there is a relationship between weight gain and trans FA
intake, the effect is very small. It should be noted that in the study of Colditz et
al (1990) the combination of all nutrients studied, including trans FA, only
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contributed 0.8% to the variation in weight gain over the eight year period, with
age, relative weight and previous weight gain making the largest contributions. It
must also be noted that associations between dietary variables and body weight
or weight gain are likely to be confounded by a very large number of other
variables some of which have not been measured and therefore cannot be
adjusted for. There are no long term RCTs that have evaluated the impact of trans
FA intakes on weight change, but a small number of studies have investigated
potential metabolic effects of trans FA compared with saturated and unsaturated
FA using acute meal challenges. Two studies comparing FA composition reported
that trans FA were oxidised more rapidly than cis isomers (DelLany et al, 2000;
Lovejoy et al, 2002), but a third found no significant difference (Lefevre et al,
2005). Another meal study that evaluated effect of trans FA on appetite, energy
intake and energy efficiency failed to observe any difference between diets (Flint
et al, 2003).

Animal and cell studies have reported conflicting results regarding the effect of
trans FA on glucose and lipid oxidation and on body weight and composition. in
vitro and ex vivo studies of adipose tissue have generally found trans FA to inhibit
lipid synthesis and reduce lipid deposition. Two studies involving rats also found
that animals fed diets high in trans FA had lower body weights and reduced fat
deposits (Atal et al, 1994; Colandre et al, 2003). However, a recent long-term well-
designed study in monkeys reported that animals consuming high levels of trans
FA had increased weight gain and intra-abdominal fat deposition, as well as
marked postprandial hyperinsulinemia (Kavanagh et al, 2007).

Overall, from epidemiological studies there is limited but consistent evidence to
support a weak association between trans FA intake and greater body fat gain at
or above the average UK intake (1.0-1.2% food energy). It should be noted that 3 of
the 5 prospective studies were reports from the Nurses' Health Study cohort.
There is conflicting data from animal studies, but a recent long term study in a
primate model has produced data which supports a greater adipogenic effect of
trans than cis MUFA, although the levels fed were some 4-fold higher than those
currently consumed in the UK diet. The strength of this evidence needs to be
considered against the background of lack of a plausible biological mechanism,
which can explain differences in energy utilisation or fat deposition between
different dietary FA. There is insufficient evidence to evaluate the relative effects
of trans FA from vegetable oil origin with those of animal origin on weight gain.
The association between trans FA and obesity was not examined by EFSA.

Trans FA and diabetes
Epidemiological studies and RCTs on trans FA and diabetes

This review has found no reports in the literature of case-control studies that
have studied the relationship between trans FA intake and diabetes. Prospective
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epidemiological and population studies (Table 16A, Annex 2) and RCTs (Table 17A,
Annex 2) reported between 1997 and 2007 were reviewed, along with relevant cell
and animal studies published between 1995 and 2007 (Table 18A, Annex 2). The 3
prospective cohort and 2 population studies quantified exposure to trans FA by
dietary assessment. Five RCTs undertook dietary replacement of FA for between
4-6 weeks, while a meal study assessed the acute impact of exposure to trans FA
following a single meal; these studies employed fasting and postprandial markers
of glucose tolerance/insulin sensitivity as their outcomes.

Population studies — diabetes

A group of 38 adults with a range of ages, BMIs, and levels of glucose tolerance (5
with type 2 diabetes) completed a 3-day diet record, had fasting glucose
measured and underwent a 2-hour oral glucose tolerance test (Lovejoy et al,
2001). All participants also provided a fasting serum sample for determination of
serum CEs and phospholipid (PL) FA content, with FA concentrations in these
samples thought to reflect fat intake over the past 4 to 6 weeks. Multiple linear
regression models were used to examine the independent associations between
energy-adjusted FA intakes and insulin resistance parameters. There was no
association between either self-reported trans FA intake or trans FA enrichment
in serum lipids and the participants’ glucose or insulin concentrations during the
oral glucose tolerance test.

Xu et al (2007) analysed data from American Indians involved in the Strong Heart
Study (SHS) who had been diagnosed with diabetes for more than 1 year. While
there initially appeared to be a trend towards increased trans FA consumption and
poor glycemic control in this diabetic population, this did not reach statistical
significance, and was attenuated after adjustment for additional diabetic risk
factors.

Prospective studies — diabetes

In the Nurses’ Health Study, Salmerdn et al (2001) used the data from 84,204
women to examine risk of type 2 diabetes in a follow up of 14 years. Median trans
FA intake ranged from 1.3 to 2.9% of energy for the lowest to highest quintiles.
Energy-adjusted trans FA intake was positively associated with age- and BMI-
adjusted risk of developing type 2 diabetes (RR of highest quintile compared with
lowest was 1.26; 95% Cl =111-143; p for trend =0.002). The RR was attenuated after
adjustment for other diabetes risk factors (RR 115; 95% Cl =1.01-1.32; p for trend
=0.09) but regained significance after other types of fat were controlled for (RR
1.31; 95% Cl, 110-1.56; p for trend =0.02). Further modelling of the data showed that
a 2% increase in energy from trans FA was associated with a RR of 1.39 (95% CI, 1.15-
1.67). Replacing 2% of energy from trans FA with carbohydrate was associated with
a 28% lower risk of developing diabetes (RR 0.72; 95% Cl, 0.60-0.87; p <0.001), but
replacing the same amount of energy with polyunsaturated fats was associated
with a 40% decrease in risk (RR =0.60, 95% C| =0.48-0.75; p <0.001).



Update on trans fatty acids and health

199.

200.

201.

Meyer et al (2001) investigated the association between dietary trans FA intake
and type 2 diabetes in 35, 988 women in lowa between 1986 and 1997. Median
trans FA intake per quintile ranged from 2.2-5.2% of energy. This study found a
small inverse association between trans FA intake and risk of diabetes, with RRs
among quintiles of intake of 1.0, 0.93, 0.90, 0.84 and 0.87 (p for trend 0.03). This
inverse association was strengthened through adjustment for magnesium and
cereal fibre intake (p for trend 0.004) but was no longer statistically significant
when adjusted for types of FA in the diet (p for trend 0.20). The FFQ was only
administered at baseline, with no subsequent dietary follow up, leading to risk of
large misclassification of trans FA intake because of changes in fats formulations
and individual food habits over the period of the study.

A further large study involving 4-yearly dietary and 2-yearly health questionnaires
from 42,504 men (van Dam et al, 2002) reported a positive correlation between
trans FA intake and risk of developing type 2 diabetes when adjusted for age and
energy intake. Median trans FA intake was 0.7% and 2.0% of energy for the lowest
and highest quintiles, respectively, with a RR value for the highest quintile of 139
(CI =116-1.67, p for trend =0.0004). The trend remained significant after further
adjustment  for physical activity, smoking, alcohol consumption,
hypercholesterolemia, hypertension and family history. The effects of trans FA
were no longer statistically significant after adjustment for cereal fibre,
magnesium and BMI. No adjustments for other types of dietary fats were
undertaken.

Data from prospective epidemiological studies that evaluated dietary trans FA
intake are summarised in Figure 8.
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Randomised controlled trials and meal studies — diabetes

Christiansen et al (1997) conducted a randomised cross-over trial in obese
subjects with type 2 diabetes, using three 6-week diets each containing 20% of
total energy from SFA, MUFA or trans FA. Insulin and glucose levels were
determined in fasting and postprandial blood samples. Postprandial insulin levels
were 59% higher after the trans FA diet than after the MUFA diet (174
nmol/L/240 min, p <0.05), and 26% higher than after the baseline diet (p <0.05).
C-peptide concentrations (a marker of insulin secretion) showed a similar pattern
during the trans FA diet, and were 42% and 32% higher than the MUFA and
baseline diets, respectively (both p <0.05). There were no significant differences
between the SFA and the trans FA diets. The extreme level of trans FA fed in this
study (20% dietary energy) compared with the average dietary trans FA intake of
the UK (1.0-1.2% dietary energy), should be noted.

A randomised cross-over trial conducted by Louheranta et al (1999) compared a
high-trans FA diet (51% of energy from trans FA, 80:20 trans 18: and 18:2) with a
high-oleic diet (5.2% cis 181 were substituted for the trans FA) in 14 young, healthy
women. Each diet lasted 4 weeks and was preceded by a 2-week basal diet. Both
experimental diets and the baseline diet supplied 36% of energy as fat, 50% as
carbohydrate and 15% as protein. The authors found no significant difference
between the diets for glucose effectiveness, insulin sensitivity index or acute
insulin response; there was a small non-statistically significant increase in fasting
insulin levels on the trans FA diet compared with the MUFA diet (81 + 0.6 mU/L
and 74 = 0.5 mU/L, respectively; p =0.089).

Lovejoy et al (2002) performed a randomised, double-blind, cross-over feeding
study comparing three 4-week diets in 25 healthy subjects. Each diet contained
57% of energy from carbohydrate, 15% protein, and 28% fat (- 9% of energy from
trans 181, cis 18:1 or 16:0 FA). The 25 subjects included males and females of normal
(BMI <25 kg/m?) and increased (BMI 25-30 kg/m?) body weight. Body weight was
maintained at a constant level throughout the study. After each 4-week diet
period, pulsatile insulin secretion, insulin sensitivity index, serum lipids and fat
oxidation were measured by indirect calorimetry. The study found no significant
effects of diet on any of the indicators of insulin resistance, but subjects oxidized
the least fat on the MUFA diet (26.0 ffl1.5 g/day) and the most fat on the trans FA
diet (314 = 1.5 g/day) (p =0.02). Compared with the MUFA diet, the overweight
subjects demonstrated 11% and 24% decreases in insulin sensitivity on the trans
and SFA diets, respectively, but this difference between the groups did not reach
statistical significance.

The effect of 6 different types of fats on glucose homeostasis was investigated by
Lichtenstein et al (2003), with each diet followed for 35 days. The diets provided
30% of energy from fat, with 20% substituted for the 6 different fat sources. The
sources were soybean oil, semi-liquid margarine, soft margarine, PHSO, traditional
stick margarine and butter. There were small differences between the diets for
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some measurements, but these were not consistent with the levels of trans FA
present. The authors concluded that there was no association between trans FA
and glucose metabolism.

Lefevre et al (2005) investigated the acute effects of a single meal containing
either cis or trans 181 FA in individuals with and without the Thr54 FABP2 allele (12
Ala/Ala; 8 Thr/Ala, 2 Thr/Thr at codon 54 in FABP2). Thr/Ala and Thr/Thr
genotypes were combined into one group for data analysis. The participants were
moderately overweight but generally healthy, and were fed a basal diet containing
24% fat for 16 days. On days 10 and 16, they were fed a high-fat (50% of energy)
breakfast meal that contained 10% energy from either 181 cis or trans FA.
Irrespective of genotype, the trans meal increased insulin levels to a greater
extent than the cis meal (p <0.05). An index of relative insulin sensitivity (product
of postprandial changes in insulin and glucose concentrations) was also greater
after the consumption of the trans meal than the cis meal (p <0.05). Individuals
with either Thr/Ala or Thr/Thr genotypes demonstrated a 2-fold greater
postprandial glucose response (p <0.05) and a 70% greater postprandial insulin
response (p =0.15) than Ala/Ala genotypes. The authors observed that these
results were consistent with impaired insulin-mediated glucose uptake, due
perhaps to fatty acid—induced insulin resistance in the muscle. A significant
genotype by meal interaction was observed for TAG fractional synthetic rate (p
<0.05). This rate was not affected by the FA composition of the test meal for
individuals in the Ala54 group, while individuals in the Thr54 group had a 20%
higher TAG fractional synthetic rate after consumption of the trans FA meal than
after the cis FA meal (p <0.05). The study concluded that acute exposure to trans
FA can significantly increase insulin resistance, and that consumption of trans FA
by individuals who have the FABP2 Thr54 allele may contribute to increased
partitioning of glucose to TAGs and insulin resistance.

The effects of hydrogenated and interesterified soybean oil on glucose and insulin
metabolism were compared by Sundram et al (2007). Thirty participants were fed
diets containing ~ 35% fat, primarily from palm olein (POL), PHSO or interesterified
soybean oil (IE). The diet containing the PHSO provided 3.2% of energy from trans
FA. Each diet was consumed in a random order, and lasted for 4 weeks. Fasting
glucose increased modestly after the PHSO diet relative to POL (p <0.05), but was
highest in the IE diet (p <0.001). Using the POL diet as a reference, fasting insulin
decreased by 10% and 22% on the PHSO and IE diets, respectively (p »0.05 and p
<0.001). Postprandial glucose was higher in the IE diet, but similar in the PHSO and
POL diets. Postprandial 2hr insulin was lower in both IE and PHSO compared with
the POL diet, but C-peptide levels were only significantly lower for the IE fat.
Overall, the authors concluded that adverse effects on glucose metabolism were
most significant in the diet containing the interesterified soybean oil relative to
the dietary treatments that were higher in SFA or trans FA.
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Cell studies — diabetes

Rat adipocytes incubated for 2 hours in media containing purified 18:1 FA isomers
showed that both trans 181, n-9 and trans 18:1, n-7 FA reduced the amount of
glucose converted to cell lipid (p <0.01) and inhibited the oxidation of glucose to
carbon dioxide (p <0.05) compared with cis 181, n-9 (Cromer et al, 1995).

Alstrup et al (1999) assessed the acute effect of different cis and trans FA on
insulin release and glucose oxidation in isolated mouse islets. While all FA caused
an increase in GSIS, the trans isomers elicited a higher level of insulin secretion
than their cis counterparts (p <0.05). The rate of glucose oxidation at high glucose
concentrations was suppressed by cis FA (p <0.05) but not affected by the trans
isomers. The authors also considered the effect of longer-term exposure of the
islet cells to a range of 18:1 isomers (Alstrup et al, 2004). Basal insulin release was
higher in cells exposed to the cis 18:1, n-7 (p <0.05), but there was no difference
between cis and trans 18:1, n-9. GSIS was not altered by either cis or trans 1811, n-7
or by cis 181, n-9, but was stimulated by 0.3 to 0.4 mmol/L trans 181, n-9. In
contrast to the observations at the shorter exposure times, the cells incubated
with the FA isomers for 3 days showed no differences in glucose oxidation, but FA
oxidation was higher in the presence of the trans isomers (p <0.05).

Animal studies — diabetes

Stein et al (1997) found that although trans 16:1 resulted in 7.6 x higher levels of
GSIS than the corresponding cis isomer in the perfused pancreas of Sprague-
Dawley rats, the difference did not quite reach statistical significance (p =0.07).
There was no difference between the effects of cis or trans 18:1 FA.

Insulin action and adipocyte plasma membrane fatty acid composition and
fluidity in rats fed different levels of trans FA were compared by Ibrahim et al
(2005). Higher levels of insulin secretion, as well as reduced membrane fluidity,
were observed in the groups receiving dietary trans FA. In further studies (Natrajan
et al, 2005), the authors showed the mMRNA expression of resistin was upregulated,
and peroxisome proliferative activated receptor-gamma (PPARg) and LPL were
down regulated in the animals receiving high trans FA diets. Due to variations in
dietary levels of other FA (SFA, MUFA, PUFA), it is not possible to conclude that
these differences were due to the higher levels of trans FA in some of the diets.

Bernal et al (2006) evaluated the glucose metabolites and gluco-regulatory
enzyme activities in skeletal muscle and liver of Wister rats fed diets that
contained 17% (by weight) cis or trans FA. No significant differences in glucose
metabolism or enzyme activity were observed.
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Summary — trans FA and diabetes

There are limited data available to assess evidence for an association between
trans FA intakes and incidence of diabetes. Of the 3 large prospective cohort
studies, 2 showed a positive association. In these studies, the impact of trans FA
on risk of diabetes were similar, with ORs of 1.31 (Salmerén et al, 2001) for a range
of trans FA intakes from 1.3-2.9% dietary energy, and 1.39 for trans FA intakes from
0.7- 2.0% dietary energy (van Dam et al, 2002). The latter range of intakes is slightly
higher than that of current UK intakes, but it provides a reasonable basis for
comparison. However, in this study the association was no longer significant after
adjustment for diet and BMIL. In the third study, an inverse association between
trans fatty acid intakes and diabetes was reported, but these findings were limited
by high likelihood of misclassification due to the collection of dietary data only
at baseline (Meyer et al, 2001). Neither of the 2 population-based studies found
any relationship between trans FA intake and parameters associated with
diabetes.

No effect on insulin sensitivity or glucose tolerance was found in 4 RCTs or meal
studies of healthy individuals fed moderately high trans diets. However,
postprandial hyperinsulinemia was observed in obese subjects with type 2
diabetes fed diets containing 20% energy trans FA (Christiansen et al, 1997). In an
acute meal study (Lefevre et al, 2005), a significant increase in insulin resistance
was observed following meals high in trans FA (10% dietary energy). In the same
study, other adverse effects of trans FA (on triglyceride synthesis) were shown to
be genotype dependent, with greater adverse response for individuals carrying
the FABP2 Thr54 allele (-28% of the population).

The data from isolated pancreatic islets studies suggest that there is a differential
effect of trans compared with cis FA on the regulation of insulin secretion, with
trans FA potentiating glucose-stimulated insulin secretion more than cis-isomers
of identical chain length. There are also concordant data from cells and human
studies, which suggest increased rates of oxidation of trans- compared with cis-
unsaturated FA. There are limited data from animal studies; existing studies are of
insufficient quantity or quality to be able to draw definite conclusions.

Overall there is limited, weak evidence to suggest that trans FA have adverse
effects on insulin sensitivity and type 2 diabetes. It is clear that further
epidemiological, RCTs and mechanistic studies are required before firmer
conclusions can be drawn, particularly at trans FA intakes relevant to the UK.
Evidence is not available to compare the effects of animal and vegetable oil
sources of trans FA.
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Trans FA and early development

Epidemiological studies and RCTs on trans FA and early
development (Table 19A, Annex 2)

Trans FA exposure during pregnancy

Significant positive correlations have been reported between maternal and fetal
plasma trans FA (Elias & Innis, 2001; Innis, 2003). Early studies suggested that the
placenta acted as a barrier for trans FA (Johnston et al, 1958) but later work
contradicted these findings (Koletzko & Muller, 1990; van Houwelingen &
Hornstra, 1994) and led the International Life Sciences Institute Expert Panel on
Trans Fatty Acids and Early Development (Carlson et al, 1997) to conclude that
“trans fatty acids are transferred by the placenta to the fetus and incorporated
into fetal tissues” As humans do not synthesise trans FA, fetal trans FA must have
originated in the diet of the mother. This assertion has been supported by
Hornstra et al (2006), who reported a significant and positive association between
maternal intake of trans FA (measured using duplicate portion analysis) and trans
FA concentration in fetal cord plasma phospholipids. Elias and Innis (2001)
reported that maternal plasma TAGs and PLs were higher in trans FA than in the
infant, but that the infants had higher concentrations of trans FA in plasma CE
(p <0.05).

Levels of about 0.5-3% trans FA have been reported in blood lipid fractions of
preterm and full-term babies (Koletzko, 1992; Decsi et al, 2007; Elias & Innis, 2001),
as well as 01-0.9% trans 1811 in adipose tissue of preterm babies (Ohlrogge et al,
1982). Trans FA have been shown to inhibit the synthesis of long-chain PUFA (such
as ARA and DHA) from their EFA precursors (Sugano & lkeda, 1996) and it has been
reported that trans FA isomers displace EFA in neonatal blood and cord tissue,
despite apparent adequate maternal intake of EFA (Koletzko, 1992; Al et al, 1996;
Hornstra, 2000). This is of concern as long-chain PUFA are necessary for fetal
growth and development. The association between PUFA and early development
was reviewed in the SACN report “Advice on fish consumption: benefits and
risks”(SACN 2004).

Koletzko (1992) reported a negative relationship between trans FA in plasma lipids
and birth weight. However, there was no adjustment for confounding factors.
Another study of full-term infants, which also did not undertake adjustments,
failed to show any association (Decsi et al, 2001). Elias and Innis (2001) observed a
negative relationship between trans FA levels in the CEs from infant cord arterial
plasma samples and the length of gestation (unadjusted data). No statistically
significant relationships were observed with birth weight or birth length. Van
Houwelingen and Hornstra (1994) reported preliminary findings of a negative
relationship between trans 181 in UA vessel walls and infant birth weight and head
circumference, but these associations disappeared after correction for gestational
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age (Hornstra, 2000). Hornstra et al (2006) observed a significant negative
relationship between trans 18:1, n-9 levels in neonatal cord plasma and arterial and
venous walls and the head circumference and body length at birth in the
Maastricht Essential Fatty Acid Birth (MEFAB) cohort, in which adjustment was
undertaken for a range of confounding factors. Preliminary data from the
Amsterdam Born Children and their Development (ABCD) cohort appeared to
show a negative association between maternal plasma trans 18:1, n-9 levels and
the birth weight of full-term children (Hornstra et al, 2006), but the association
lost significance after adjustment for maternal sociodemographic factors.

Very few studies have directly investigated the relationship between trans FA and
neonatal neurological health. In full-term infants, trans FA in umbilical artery (UA)
and vein (UV) FA were reported to negatively correlate with neurological function
(Dijck-Brouwer et al, 2005), with a Spearman correlation coefficient of -0.3
between neurological status and C18 trans FA levels in UA FA (p <0.05). However,
there was not a statistically significant difference between the infants with normal
and abnormal neurological status when analysed by a Pearson y’ test, and there
was no adjustment for confounding factors. There was no association between
general movements (an indicator of neurological status) and umbilical cord trans
FA level at 3 months of age (Bouwstra et al, 2006b). However, more
comprehensive neurological testing at 18 months showed a strong negative
correlation between levels of umbilical trans FA and a neurologic optimality score
(Bouwstra et al, 2006a). Both the latter studies adjusted for a number of
socioeconomic factors.

It appears that the possible effect of neonatal trans FA status on neurological
health in infants and toddlers attenuates with age, with well-adjusted studies in
older children finding no relationship between neonatal trans FA and cognitive
function at either 4 (Ghys et al, 2002) or 7 (Bakker et al, 2003) years of age.

Trans FA exposure postpartum

After birth, the sole source of nutrition for many infants is maternal breast milk.
A range of trans FA isomers from vegetable oil and animal sources have been
found in human breast milk (Chen et al, 1995), and dietary intervention studies
have shown that changes in maternal dietary trans FA intake are rapidly reflected
in the trans FA levels of the breast milk (Aitchison et al, 1977; Craig-Schmidt et al,
1984). A strong positive association between trans FA from breast milk and infant
plasma triglycerides (r =0.82, p <0.001) was observed by Innis & King (1999). Chen
et al (1995) estimated that maternal dietary intakes of 1.1 and 3.9% of energy from
trans FA corresponded to 3.1 and 6.9g trans FA/100 g breast milk fat, respectively.
As breast milk typically contains 3-5% fat, a typical infant consuming 780ml of the
milk a day would be exposed to 0.7-12 g trans FA/day for a maternal trans FA
intake of 11% of energy.
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During breast-feeding, trans FA present in maternal milk are absorbed by the
feeding infant and stored in various tissues and organs, with preferential storage
in the adipose tissue (Pettersen & Opstvedt, 1992), and the lowest or negligible
incorporation in the brain (Cook, 1981; Pettersen & Opstvedt, 1992). By weaning,
the trans FA levels in the infant tissues are similar to the trans FA levels found in
the milk, with the exception of the brain (Pettersen & Opstvedt, 1989), suggesting
the presence of a protective mechanism that limits the incorporation of trans
isomers in the central nervous system.

Similar to the observations in newborns, trans FA incorporation in infant tissues
have been reported to result in a reduction in the proportion of long-chain PUFA,
particularly ARA and DHA (Pettersen & Opstvedt, 1992). This effect has been
reported in the plasma PLs of healthy children between 1 and 15 years of age
(Decsi & Koletzko, 1995), and suggests that the trans FA are negatively affecting the
elongation and the desaturation of EFA.

Summary — trans FA on early development

While there is evidence that trans FA from the maternal diet accumulate in the
fetal and infant tissue via placental transport or consumption of breast milk, there
is limited and contradictory information as to effects on the health of the child.
A negative relationship between blood trans FA and birth weight was found in one
study in premature infants (Koletzko, 1992) and one in full-term infants (Hornstra
et al, 2006, MEFAB study), but no relationship in similar studies in full-term infants
(Decsi et al, 2007; Elias & Innis, 2001). Only the data from the MEFAB study was
adjusted for socioeconomic status and other confounding factors. A negative
effect was also reported between neurologic optimum status and umbilical trans
FA in studies on newborns (Dijck-Brouwer et al, 2005) and at 18 months (Bouwstra,
20064a), but no significant effect was seen on general movement at 3 months of
age (Bouwstra, 2006b). Although the study in newborns reported unadjusted data,
the studies at 3 and 18 months included a range of confounding factors such as
socioeconomic and educational status.

The lack of well-adjusted studies providing consistent results prevents any
conclusions regarding the effect of trans FA on the physical or neurological health
of the fetus or young children. There are consistent reports that the level of trans
FA in plasma and tissue lipids is inversely proportional to the levels of long-chain
-6 PUFA, and that the trans FA may interfere with the metabolism of EFA.
However, because individual tissue FA levels are expressed as % of total FA,
changes in the content of one FA will result in reciprocal changes in at least one
(if not more) other FA. Such data require cautious interpretation as a basis for
proposing effects of trans FA on long-chain -6 PUFA metabolism. This area
requires further investigation by well-designed studies.
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Trans FA and other health issues

Epidemiological studies and RCTs on trans FA and other
health issues (Table 20A, Annex 2)

The potential association between trans FA intake and a number of health issues
have been investigated in prospective epidemiological and population studies. A
strong positive association was reported for gallstone formation (OR for lowest vs
highest quintile was 1.23; 95% Cl, 1.04-144; p for trend 0.03), with additional
analysis by isomer showing that the relationship was restricted to trans 18:1 FA
(Tsai et al, 2005). Positive trends were also seen in studies on Alzheimer’s disease
(Morris et al, 2003), cognitive decline (Morris et al, 2004) and ovulatory infertility
(Chavarro et al, 2007), but they failed to reach statistical significance. However,
the latter study reported that obtaining 2% of energy from trans FA instead of
carbohydrates was associated with a 73% greater risk of ovulatory infertility after
adjustment for risk factors (p for trend 0.02). One multi-centre population study
found a significant association between allergic diseases and trans FA intake in 13-
14 year old children (Weiland et al, 1999), but another population study in
Germany showed no relationship (Kompauer et al, 2005). No association was
found for cataract formation (Lu et al, 2005), dementia (Engelhrt et al, 2002),
multiple sclerosis (Zhang et al, 2000) or Parkinson’s disease (Chen et al, 2003; de
Lau et al, 2005).

Although some studies do provide preliminary evidence of possible associations
between trans FA intake and the above mentioned disease states, the small
number of studies precludes the development of any firm conclusions regarding
the potential relationships.
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CLA and health

Introduction

Conjugated linoleic acids are a group of isomers of linoleic acid, with the
conjugated structure referring to the fact that these FA have the double bonds on
adjacent carbon atoms, with no interceding methylene group (CH,) group. The
double bonds present can be in the trans/trans, trans/cis, cis/trans or cis/cis
configuration (Christie et al, 2003). Intakes in the UK diet are estimated to be in
the range of 100-200mg per day (Lawson et al, 2001). Animal fats are the almost
exclusive source of CLA in the diet, being produced as a result of the animal
biohydrogenation of linoleic acid, where they represent up to 2% of total FA
present. Approximately 90% of CLAs present are in the cis-9, trans-11 orientation,
which is referred to as rumenic acid with the trans-10, cis-12 CLA being the second
most abundant.

Despite the fact that CLAs contain double bonds in the trans orientation,
numerous studies in animal and cell culture models conducted over the last 15
years, have demonstrated anticarcinogenic, antiadipogenic, antiatherogenic and
antidiabotogenic benefits of CLAs. These studies have been largely conducted
using commercially available mixed isomer preparations containing equal
amounts 40-45% of the cis-9 trans-11 and trans-10 cis-12 isomers. More recent
evidence using a purified form of the isomers indicates that the two isomers may
have divergent effects. However, despite the biopotency demonstrated in animal
models, the studies in humans have shown modest, neutral or often deleterious
effects reported. This section will not be in the form of on all-encompassing
review of all the available evidence, but will rather provide an overview of:

» the main conclusions of a number of recent expert reviews in the area of CLA
and health (Wahle et al, 2004; Bhattacharya et al, 2006; Salas-Salvado et al,
2006; Tricon & Yagqoob, 2006; Gebauer et al, 2007)

»  the only meta-analysis in the area of CLA, a 2007 publication which considers
its role in reducing fat-mass in humans (Whigham et al, 2007)

» the available limited data for a link between CLA intake and cancer risk in
humans (Aro et al, 2000; Chajes et al, 2002; Voorrips et al, 2002; Larsson et
al, 2005), as these are only covered to a limited extend in the above
mentioned reviews.

CLA and body composition

Since the original demonstration of the ability of 0.5% dietary CLA to decrease fat
mass by 50-60% in mice (Park et al, 1997), numerous further studies in rodent and
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other animal and cell models have demonstrated the ability of CLA to reduce
adipose fat accumulation. This effect has been attributed to a range of
mechanisms including decreased adipocyte differentiation, size and fat uptake,
increased fat oxidation and reduced lipogenesis, with the CLA influencing the
gene expression of key regulators of these metabolic pathways. Feeding of
isolated isomers has demonstrated that the effect is largely attributable to the
trans-10, cis-12 isoform.

A number of studies in humans feeding doses of 0.7 to 6.8g CLA have produced
highly inconsistent findings, with less than half showing any significant effects.
This loss of efficacy in humans versus the large effects seen in rodent models is
likely to be attributable to a number of reasons: (1) inherent differences in adipose
tissue metabolism in the two models; (2) lower dosage used per kg body weight;
(3) the animal studies have been generally conducted in growing animals (the
impact of CLA in adult animals has not been as dramatic as in young animals)
whereas the human trials have been conducted in adults. However, the meta-
analysis of Whigham et al (2007) does indicate a weak significant benefit. This
analysis considered 18 intervention studies, which have examined the efficacy of
CLA in reducing fat mass in humans. An overall significant treatment effect was
evident with fat loss compared with placebo of -0.024kg/gCLA /week (p =0.03).
The effect was linear up to 6 months, with the effect decreasing thereafter,
indicating an adaptation to treatment.

CLA and insulin sensitivity

The literature suggests a general lack of consistency between different animal
models, and when comparing data from human clinical trials, regarding the impact
of individual CLA isomers on insulin sensitivity. There are studies which have
demonstrated deleterious effects of the trans-10, cis-12 isoform on a number of
biomarkers of insulin sensitivity, which may be associated with its effect on
adipose tissue fat metabolism (Risérus et al, 2002; Risérus et al, 2004). There is a
need for longer term studies in this area feeding the purified trans isomers.

CLA, blood lipid levels and atherogenesis

Animal evidence demonstrates consistent benefits of CLA with respect to
regression of atherosclerosis and the effects on blood lipid profile. Human studies
that have examined the impact on blood lipids have produced neutral or negative
findings, with a moderately consistent body of evidence suggesting a negative
effect of the trans-10, cis-12 on HDL-C levels.
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CLA and carcinogenesis

Despite a large body of evidence demonstrating efficacy, and plausible
mechanisms for the anticarcinogenic actions of CLA (Field & Schley, 2004), there
is a distinct lack of data linking CLA intake with cancer risk in humans, with only 4
studies currently available in the literature, 2 case-control (Aro et al, 2000; Chajes
et al, 2002) and 2 prospective studies (Voorrips et al, 2002; Larsson et al, 2005).
Three of these studies focus exclusively on breast cancer. Aro and co-workers
observed a significant reduction in breast cancer risk (OR 0.4, 95% Cl, 0.2-0.9; p for
trend <0.01) with CLA status determined by analysing plasma CLA levels (Aro et al,
2000). In contrast, no significant association between adipose tissue CLA and
breast cancer risk was observed in a French case-control trial, with evidence of a
trend towards an increase in risk from tertile 1to tertile 3 (Chajes et al, 2002). This
is consistent with the finding in the Netherlands Cohort Prospective Study, which
reports a modest significant positive association between CLA intake, as assessed
by FFQ, and breast cancer risk (RR 1.24, 95% Cl, 091-1.69; p for trend =0.02)
(Voorrips et al, 2002). In the Swedish Mammography Cohort, CLA intake as
assessed by FFQ was associated with a reduced risk of colorectal cancer following
14.8 years of follow-up (RR 0.71,95% Cl, 0.55-0.91, p for trend =0.004) (Larson et al,
2005).

Although there is currently weak evidence to suggest that CLA intake may be
associated with modest loss of fat mass, there is insufficient evidence to evaluate
the impact of CLA in humans.
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Overall summary and conclusions

Following a request from the Secretary of State for Health, this report considered:
UK intake of trans FA; the evidence regarding effects of trans FA on CHD since the
EFSA (2004) and WHO/FAO Expert Consultation (2003) reports on this issue; the
evidence relating to other health effects of trans FA, particularly cancer, obesity
and diabetes; whether, on the basis of present evidence, it is possible to
distinguish the health effects of trans FA from vegetable oil versus those of animal
origin; and whether present advice that trans FA intakes should not exceed on
average 2% of food energy (COMA, 1994) should be revised.

Trans FA naturally occur at low levels in dairy products and meats from ruminant
animals. They are also produced by the industrial hydrogenation of vegetable oils,
a process that has been used to produce the semi-solid and solid fats that are
now widely used in food manufacture (e.g. margarines, biscuits) and catering
outlets. Trans FA are also formed during high temperature treatment of oils and
during deodorisation of unsaturated oils to remove unstable by-products of
oxidation.

The SACN Framework for the Evaluation of Evidence (SACN 2002) was used as the
basis to identify and assess evidence published on CHD since the EFSA (2004) and
WHO/FAQ Expert Consultation (2003) reports, and to review published evidence
for the other main diseases considered here (cancer, obesity, diabetes). The
evidence base for this report was mainly restricted to retrospective and
prospective epidemiology and RCTs in humans. In the epidemiology, measures of
exposure included both direct measures of dietary trans FA intakes, as well as
levels of trans FA in blood and tissues, which are taken to provide surrogate
biomarkers of trans FA intakes.

The average adult (19-64 years) intake of trans FA in the UK was reported as being
2.2% food energy in 1986,/87 (NDNS 1986,/87), but had declined to 1.2% food
energy by 20002001 (NDNS, 2000/1). Recent estimation of intake based on the
reported consumption data from 2000/01, but using new composition data
provided by industry, has given an estimated value of 1.00% food energy for the
mean intake of trans FA in the UK adult population (FSA 2007). This figure is likely
to be an overestimate of actual current intake as it was not possible in the time
available to take account of all the reductions in trans FA levels in the model.

There is consistent evidence from prospective epidemiology to support a
moderate impact of dietary trans FA on risk of CHD for ranges of intakes similar
to, or slightly higher than, trans FA levels observed in the UK diet. Adverse effects
of trans FA on LDL-C, HDL-C and totalHDL-C ratio have been consistently
demonstrated in a number of well-controlled randomised trials. There is
therefore a plausible biochemical mechanism to explain the pathophysiology
underlying the prospective epidemiological findings.
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Data obtained from a number of RCTs and meal studies using varying trans FA
contents have not consistently demonstrated adverse effects of these FA on CHD
biomarkers other than serum lipoproteins. These include classical biomarkers
such as blood pressure and CRP, as well as emerging risk markers such as
postprandial lipemia, lipid oxidation, markers of haemostasis, endothelial function
and vascular inflammation. While the number of studies is limited for many
biomarkers, their findings largely support the conclusion that the adverse effects
of trans FA on CHD risk is primarily mediated via their actions in increasing
circulating concentrations of pro-atherogenic LDL-C, whilst also decreasing
concentrations of protective HDL-C.

The ability to quantify the increased risk of CHD attributable to that percentage
of the general population currently consuming > 1% dietary energy as trans FA is
limited by: i) estimates of risk from epidemiology for quintiles of intake in the
region 1-2% dietary energy do not differ significantly from 1.0; ii) a lack of evidence
for a linear relationship between trans FA intake and CHD risk over the range of
1-2% dietary energy (Figure 2); and iii) RCTs that have evaluated the impact of
varying doses of trans FA on lipoproteins have not compared levels of intake
between 1-2% dietary energy.

It should be noted that of the 10 published outputs from prospective studies
which have reported on the association between trans FA intakes or biomarker
levels and CHD risk, 6 have been obtained from the same study population (the
Nurses” Health Study). There are potential limitations in estimating risks based on
a preponderance of evidence from the Nurses' Health Study, since the study
cohort includes only women and the dietary data are derived from an FFQ which
shows relatively poor correlation with fat intakes estimated using more reliable
measures. Extrapolation of risk estimates from a 20 year follow up of this study
cohort (Oh et al, 2005), suggests that a decrease of 1% energy from trans FA would
decrease risk of CHD by up to 15-16%. Similar extrapolation using the pooled
variance-weighted risk from a meta-analysis of studies that included both men
and women (6-14 y follow up) suggests that a 1% decrease in energy from trans FA
would be associated with a 12.5% decrease in risk of CHD (Oomen et al, 2001).

Based on an average UK intake of 12% food energy (NDNS 2000,/2001), it is
estimated that to reduce trans FA intakes of the population so that every
individual had a trans FA intake of < 1% food energy would require the average
intake to be reduced by 0.6% of food energy as trans FA. Extrapolation from the
meta-analysis of prospective studies (Oomen et al, 2001) would indicate that this
decrease in trans FA intake would result in a 75% reduction in risk of CHD.
Prospective studies assess total mortality or morbidity, and therefore consider the
total effect of all contributors to disease pathology. Estimates for CHD risk based
solely on the impact of trans FA on LDL-C and HDL-C and on the total: HDL-C
ratio, rather than total disease incidence, suggest that the reduction in CHD risk
arising from an average reduction in trans FA of 0.6% energy would be in the
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region of 4.0%. This figure is lower than the risk reduction calculated from the
epidemiological data, suggesting that either the CHD risk that can be specifically
attributed to changes in lipoprotein profiles does not include the contribution of
other pathophysiological pathways, or that the epidemiological risk estimate has
been inflated by some unmeasured confounding.

Applying this same approach, but using the more recent estimates of UK trans FA
intakes based on updates food composition data (FSA 2007), the estimated
reductions in CHD risk based on an average UK intake of 1.00% food energy would
be 5% and 2.8% for extrapolations from epidemiological and lipoprotein data,
respectively.

Care must be taken when considering all of these estimates of risk reduction as
they are based, in the case of some studies, on intake ranges higher than the
current UK levels which assume a linear dose-response between trans FA intake
and CHD risk. The latter assumption may not be valid given the distribution of the
risk estimates at intake levels relevant to the UK population (Figure 2). The lack of
linearity at the lower end of the range of trans FA intakes, suggest the actual
reduction in risk is likely to be lower than the values estimated above.

There is some evidence from dietary data to suggest a more significant association
between risk of CHD and trans FA of vegetable oil compared with that of animal
origin. It should be noted that these conclusions were drawn from early
prospective studies, including that of Willett et al (1993). Later outputs from the
Nurses’ Health Study have not reported separate associations for the dietary trans
FA from vegetable or animal origin (Oh et al, 2005), although they have reported
RRs for specific trans FA isomers in erythrocytes (Sun et al, 2007a; Sun et al,
2007b). It has been proposed that biomarker measurements of trans 18:2 and trans
161 in tissues and blood may provide surrogate markers for habitual intakes of
trans FA of vegetable oil and animal origin, respectively. However, the evidence
for this does not appear to have been subjected to systematic scrutiny. Until the
validity of the use of these tissue biomarkers has been sufficiently well
established, it may be misleading to use them to distinguish between trans FA of
vegetable oil and animal origin.

There is weak and inconsistent evidence for a relationship between trans FA and
breast or colorectal cancer. Evidence for an association between trans FA and
prostate cancer is limited, but a recent large case-control study has shown a
strong interaction between risk and trans FA intake for a particular genotype that
make up -35% of the population. This potential association requires further
investigation. The strong association between non-Hodgkin's lymphoma and trans
FA intakes reported in a single study require further verification by means of
intake data based on more recent estimates of trans FA intake.
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There are limited data available upon which to assess the risk of obesity or
increased weight gain associated with increased intakes of dietary trans FA. The
reports from 3 prospective cohorts show a small positive relationship between
trans FA intake and increased weight or waist circumference. However, in the
studies that reported positive associations, the effect size was small (a weight
increase over 8 years of approximately 0.5-1.0 kg for a 1% increase in dietary trans
FA) when considered in the context of the extended time periods investigated.
Although relatively large effects on weight gain were reported by a long-term
study involving primates, the level of trans FA used in this study (8% dietary
energy) was much higher than the average UK intake (1.0-1.2% food energy).

The evidence for an association between trans FA intakes and incidence of
diabetes is limited. Prospective cohort studies have reported inconsistent results,
with two showing a positive association of moderate effect size, but the
association lost significance after adjustment in one study. One of the studies,
which did show a positive association, did not adjust for the effects of other fatty
acids. No effect on insulin sensitivity or glucose tolerance was found in 4 RCTs or
meal studies of healthy individuals. However, postprandial hyperinsulinaemia was
observed in obese subjects with type 2 diabetes fed very high trans FA diets (20%
dietary energy). An acute meal study reported a significantly higher insulin
response following meals high in trans FA (10% dietary energy), with other adverse
effects of trans FA appearing to be genotype dependent. Data from isolated islet
studies suggest that there is a differential effect of trans FA compared with cis FA
on the regulation of insulin secretion, with trans FA potentiating glucose-
stimulated insulin secretion more than cis-isomers of identical chain length.

The assessment of the possible relationship between trans FA and early
development is hindered by a lack of studies that are of suitable size and rigorous
design which include adequate adjustment for potential confounding factors.
Amongst the limited data available, the level of trans FA in plasma and tissue lipids
is reported to be inversely proportional to the levels of long-chain w-6 PUFA,
with the conclusion that, indirectly, trans FA may interfere with the metabolism
of essential fatty acids. This may be important as long-chain PUFA have been
shown to be important in fetal growth and development, and may have longer-
term effects on physical health and behaviour. The data require cautious
interpretation because the use of FA compositional data from observational
studies to indicate the effects of trans FA on long-chain w-6 PUFA metabolism
lacks rigour. This area requires further investigation by well-designed studies.

The potential association between trans FA intake and a number of health issues
has been investigated in prospective epidemiological and population studies.
Although a significant positive association was reported for gallstone formation,
this has only been examined in one study. Trends towards positive associations
were reported for Alzheimer’s disease, cognitive decline and ovulatory infertility,
but these failed to reach statistical significance.
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Although this report has not been able to distinguish differences in risks
attributable to trans FA of vegetable and animal origin, foods of animal origin that
contain trans FA (dairy products, beef, lamb) are valuable sources of other
nutrients such as protein, calcium and iron. These products currently account for
roughly 40-50% of total trans FA intakes, although that proportionate figure is
increasing as the trans FA levels in manufactured foods fall due to action taken by
food manufacturers to reduce trans FA levels to the minimum required to
maintain the quality of the product. Any recommendation for further reductions
in trans FA intake levels should take account of the overall contribution these
animal products make to the intake of key nutrients by the UK population.

At a horizon scanning meeting in 2003, SACN considered the need for an updated
risk assessment on the health effects of trans FA. The Committee agreed that the
original risk assessments made by COMA in 1994 remained appropriate and that
the recommendation that trans FA intakes should not, on average exceed 2% food
energy, should continue. The Committee considered that, although reductions in
SFA intakes in the UK diet had been achieved since 1994, they remained above the
target set by COMA (1994) and were considered to pose a greater risk to health
than trans FA.

In considering the impact of changes in trans FA on targets for SFA, this review has
also briefly considered the current intake levels of SFA (13.3% food energy)
compared with the target intake of 11% food energy, and the dietary changes that
would be required to achieve these intake levels by the UK population as a whole.
There are already some indications that efforts by industry to reduce trans FA
levels may have compromised efforts to achieve the dietary target for SFA, with
reports that the reformulation of fats to remove trans FA may have resulted in
increased SFA levels. This is of concern given the priority for reducing SFA as a
population measure for reducing CHD risk. It is therefore important to monitor
and assess changes in the overall lipid profile of the diet (trans FA, SFA, MUFA and
PUFA) and their impacts on lipoprotein profiles of the population (LDL-C and
HDL-C), so that adverse consequences can be identified.

Conclusions

The previous recommendation made by COMA that, on average, trans FA should
contribute no more than 2% food energy, was based on epidemiological evidence
of adverse effects of these fatty acids on risk of CHD. Since that report,
epidemiological evidence based on up to 20 years of follow-up in prospective
studies has remained consistent for an adverse effect of trans FA on CHD risk,
although estimates of the size of the effect are smaller now than in 1994. Much
of this evidence is based on a single large cohort of women in the USA. Evidence
from RCTs that has emerged since 1994 has provided strong support for adverse
effects of trans FA on LDL-C (increases) and HDL-C (decreases). In addition, the
evidence for cardioprotective effects of HDL-C has strengthened over the same
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time period, resulting in greater recognition of the potential hazards of trans FA
due to their unique properties in reducing HDL-C compared with other FA classes.

In most cases, the data that are available are for ranges of intakes slightly higher
than those of current UK intakes. It is concluded that there is sufficient evidence
upon which to base a risk estimate for CHD, but not for other diseases. The
reduction in risk of CHD that would be obtained if all the population were to
reduce trans FA intake to < 1% energy is estimated to be in the region of 7.5%.
However, the overall impact may be less than this since this estimate is based on
mean intake levels of 1.2% food energy (Henderson et al), whereas current intake
levels (FSA 2007) may be closer to 1.0% food energy due to continuing efforts by
the food industry to reduce levels of trans FA in manufactured foods. In the latter
case, the reduction in risk is estimated to be in the region of 5%.

There is insufficient evidence to make reliable risk assessments for adverse effects
of trans FA on risk of diseases other than CHD. Recent epidemiological data on
the potential impact of trans FA on some types of cancers (colon, prostate, non-
Hodgkin's lymphoma) and diabetes is inconsistent, and further research is
required. There is some, but very limited, data to suggest adverse effects of trans
FA on body weight and body fat accumulation. However, the data are sparse and
the impact cannot presently be quantified with any accuracy. There is currently
no putative mechanism that could explain differential effects of trans FA versus
cis FA on energy balance and adipose tissue deposition. On the basis of this
evidence, this review has concluded that a specific recommendation for further
reduction in trans FA based on potential adverse effects on body weight and
obesity cannot be made.

Taking into account the totality of the evidence reviewed in this report the
Committee endorse the recommendation made by COMA in 1994 that average
trans FA intakes should be no more than 2% of food energy intake. The
Committee agreed that there is currently no firm scientific basis for revising the
recommendations.

Steps taken since the COMA report (1994) to reduce levels of trans FA in
manufactured foods are likely to have contributed to a reduction in risk of CHD
for the UK population as a whole. A recommendation that no individual in the UK
population should have a trans FA intake > 1% food energy may have adverse
consequences for the overall lipid profile of the diet, including increasing SFA
intake, and may also impact adversely on the consumption of animal products.
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Recommendations

There is consistent evidence to support a moderate effect of trans FA on risk of
CHD. The primary mechanism for this effect appears to be via changes in the
serum lipoprotein profile, although inflammatory responses and endothelial
function may also be negatively affected by dietary trans FA.

The evidence relating trans FA intakes to risk of diseases other than CHD is
limited, and no reliable risk assessments can be made. However, future reports on
these associations should be monitored, particularly the effect of trans FA on
insulin sensitivity and diabetes, and the trans FA-genotype interaction with risk of
prostate cancer.

This review endorses the current recommendation set by COMA (1994), that the
average trans FA intake should not exceed 2% of food energy, as there is currently
no firm scientific basis for its revision.

The current data provides insufficient evidence to justify the differentiation of
trans FA from vegetable oil and animal sources based on the isomeric forms of
the trans FA. There are also inadequate data to demonstrate that trans FA from
different dietary sources have differential effects on CHD risk or lipoprotein
profiles.

The impact of reformulations of fats within the diet should be monitored to
ensure there are no unintended adverse consequences for dietary lipid profiles
and related CHD risk factors.

Recommendations for further research

Outputs from the Nurses' Health Study provide 6 of the 10 prospective
epidemiological reports on the association between trans FA and risk of CHD, as
well as much of the data for associations between trans FA and diabetes (the
largest of 3 studies) and weight gain (the largest of 2 studies). Reliance on outputs
from a single large US study cohort as the basis for formulating public health
recommendations within the UK is unsatisfactory. Further research is required
using large cohorts which include both genders and which consider other
biological variables such as high-risk genotypes. There may be a particular
advantage in studying UK/European cohorts, in whom there may also be greater
possibility of estimating risk of CHD at the lower end of the trans FA intake range.

There is a gap in the literature that would be filled by well-designed RCTs
assessing the impact of trans FA on CHD and other disease risk factors at intake
levels relevant to the current UK population (0.5-3% food energy).
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Further research is required to distinguish the metabolic and health effects of
different trans FA isomers. There is also a need for evidence to support the use of
tissue and blood levels of specific trans FA isomers as markers of dietary origin,
i.e. animal verses vegetable oil origin.
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Annex 1: List of abbreviations

VAN

95% Cl
Akt
ARA
BMI
body wt
CARET
CE
CHAP
CHD
CHO
CHS
CLA

COMA

CRP
CVD
DHA
DMBA
DRV
EFA
EFSA
EFS

EURAMIC

changes in

95% confidence interval

Protein Kinase B

arachidonic acid

body mass index, kg/m2

body weight

R-Carotene and Retinol Efficacy Trial
cholesteryl esters

The Chicago Health and Aging Project
coronary heart disease
Carbohydrate

Cardiovascular Health Study
conjugated linoleic acid, 18:1

Committee on Medical Aspects of Food and Nutrition
Policy

C-reactive protein
cardiovascular disease
docosahexaenoic acid
dimethylbenz[aJanthracene
Dietary reference value
essential fatty acid

European Food Safety Authority
Expenditure Food Survey

European Community Multicenter Study on Antioxidants,
Myocardial Infarction, and Breast Cancer



Update on trans fatty acids and health

FA
FFQ
FSA
GSIS
HDL-C

HOMA index

HPFS

HRT

IE

IHD
IL-12-p70
IL-1B

IL-2, IL-6, IL-8, IL-10
IWHS

Lp (@)

LCAT

LDL-C

LIDNS
linoleic acid
linolenic acid
LPL

MEFAB

Ml

mRNA

MUFA

fatty acid

food frequency questionnaire

Food Standards Agency
glucose-stimulated insulin secretion
High density lipoprotein cholesterol

Homeostasis Model Assessment index, a measure of
insulin sensitivity

Health Professionals' Follow-up Study
hormone replacement therapy
interesterified soybean oil

ischemic heart disease
Interleukin-12-p70

Interleukin-18

Interleukin-2, 6, 8 or 10

lowa Women’s Health Study
Lipoprotein (a)

lecithin:cholesterol acy! transferase
Low density lipoprotein cholesterol
Low Income Diet Nutrition Survey

cis 18:2 n-6

cis 18:3 n-2

lipoprotein lipase

Maastricht Essential Fatty Acid Birth Cohort
myocardial infarction

messenger Ribonucleic Acid

monounsaturated fatty acid
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MV
NDNS
NEFA
NHL
NHS
NHS 1l
NLCS
NR

NS
NSAIDs
cis 181 n-9
OR

ORDET

PAI-1
PHSO
PL
POL
PPARg
PUFA

Ql,Q2,Q3,Q4,Q5

RCT
RR

SACN

Multivariate

National Diet and Nutrition Survey
non-esterified fatty acids
non-Hodgkin's lymphoma

Nurses' Health Study

Nurses' Health Study, phase Il

The Netherlands Cohort Study
not reported

not significant

nonsteroidal anti-inflammatory drugs
oleic acid

odds ratio

Italian prospective Study on Hormones, Diet and Breast
Cancer

plasminogen activator inhibitor-1

partially hydrogenated soybean oil

phospholipid

palm olein

peroxisome proliferative activated receptor gamma
polyunsaturated fatty acid

quartiles (25%) or quintiles (20%) of the distribution of
intake or tissue level of a nutrient in a population

Pearson correlation coefficient
randomised controlled trial
relative risk

Scientific Advisory Committee on Nutrition
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SD

SEM

SFA

SHS
SICAM-1
sVCAM-1

T, 72, T3

TAG

TC

TNF-a

TDS

tPA

trans 18:1 n-7
trans 18:1 n-9
trans FA

TRANSFAIR

UA
uv
VLDL-C

WHO

standard deviation

standard error of the mean

saturated fatty acid

Strong Heart Study

soluble intercellular adhesion molecule—1
soluble vascular adhesion moleculell

tertiles (33.3%) of the distribution of intake or tissue level
of a nutrient in a population

triacylglyerol

total cholesterol

tumour necrosis factor-alpha
Total Diet Survey

tissue plasminogen activator
vaccenic acid

elaidic acid

trans fatty acid (s)

Trans fatty acid intake and risk factors for cardiovascular
disease in Europe

umbilical artery

umbilical vein

Very low density lipoprotein cholesterol
World Health Organisation

Standardised coefficient or B coefficient
omega-3

omega-6



Update on trans fatty acids and health

(€v'5-T1) 85T =4O SI0 = SO
(6£7-590) ¥EL =4O 9600 = YO
(997-€£°0) 6£1=¥0 0800 = €O
(86'7-€8°0) £S1=¥O  0L00 =170

5200 L =¥0 ¥¥0'0 = 1O
(30013 ‘ueipaw)
aAn0qe sy V4 supJy anssiy asodipe L:91D
‘el (Le9-9¢1) ¥6T =4O oF'y = SO
]013153]0YD pue 31q1J ‘218|04 ‘35N UILIRIAINW (€€p-v1'1) TTT =4O 15€ =0
HM INE “velul A315U3 €301\, V4S V3 (86'€-90') 50T =4O 867 = €D
UILIBIA /|00 ‘yPIde DIU3JOU|-0 3aNnssiy ¥00'0 (Lr'z-€£0) ¥€1 =4O 9WT=70
asodipe ‘asnoy ui 8ulAl] sieak ‘upjows ‘A}Ale ERYe) 81 =10 sired
1ea1sAyd ‘uoisuaniadAy jo K101s1y ‘saraqelp (80018 ‘ueipaw) V4 supiy ]013U0D-358D 78% (c002)
Jo A1o3s1y ‘awodul ‘9duapisas ‘a8e xas V4 supJj anssi) asodipe je3ol anssiy asodipy uedny e3s0D |p 12 Ui|Aeg
(£91-950) £6'0 = 4O 15T = %O
(S£1-€90) S0'L = 4O 081= €0
(€L1-17°0) 890 = YO 671=170 [1/= U 5|013u0D
su L =40 S0 =10 1£9= U sases |
$]0JIUOD "SA (proe A11ey % ‘ueipaw) V4 subiy S2113UN0>
S35ED JO JaqUINU pue |G ‘Supjows 213uad 98y 1:81 V4 supJj anssiy asodipe |ejo| anssiy asodipy ueadoing 14813 | (S66lL) 0 12 01y
ainsodxa
siskjeue u1 1o} pajsnipe si030eq puail (1> %S6) oney sppo pue asuey a)134end joo. W | uonendod 3d3qng adualaey

AHD JO ISl YUM Y supJ} Jo uoljeidosse ay) SuijesiysaAul salpnis |0JU0D ase) 'y| d|qe]

Yl|eay pue 4 suei} 03 3ulje]al paJapIsuod salpnis

7 Xauuy



"yelul Jo ajnuinb /3)1enb /3111431 159MO) pue 153yS1Y Y1 USaM19q DUISLIP JO |9A3) Y O1 J3Ja4 sanjea pual) d sy "3]ge) aY1 UIYIM UMOYS U33q dARY |9pOW 3y Ul Joj paisnipe
2JoMm Jey) si01oe) d1dads By ‘pariodal sem sl Pa1eIDOSSe U Ul 92USJa44IP JUedLIUSIS e UUYAA 'SI010e) SUIPUNOJUOD JO) pajsnipe A||nj Uaq SABY UDIUM SSOY) dJe Palels Yy YL |

V4 anssiy I 351}
asodipe Jay1o pue ayeiul Aieyalp ‘spidi) poolg ¢00=d Jo Jo1o1paud Juapuadapul ue sem (/-u) |:g| V4Supi}
(lo0= (Tev-9r1) STT =Wy 9's = SO
puaiy soy d (€77~ 590) €Tl =y €= v0 (¢91=
uoedisse)d qof ‘upjowss | uawisnipe (P7-69°0) €1 = Wy €0¢=¢0 u adwes asodipe)
‘spidi] ‘2inssaid poo)q xas ‘23e ‘IWg ‘VANd | V4S O/M) (88'1-€5°0) O'L = ¥y T =10 /1= U |01u0D
‘V4S ‘OHD ‘u1e30ud ‘Jey se A3iaua % A31au3 su L=y S51=10 anssi3 asodipe (6£= u a)dues
(Kep /8 ‘ueipaw) pue D44 Aq | asodipe) 60z= u aseD (v007)
el 4 supJ) Aieya1q passasse 4 supi/ | uoiyejndod ueljessny D 32 UOHI)D

(zr€1-981) 506 =4O v07 =50
(67'8-671) 15°€ =4O 05'1=+¥0

Update on trans fatty acids and health

(87'7-86'0) 60T = O 071 =¢0
(68'1-64°0) 96'0 = YO 86'0 =70
S000°0 L =40 SL0 =10
(800L/8 ‘ueipaw)
aAn0qe sy V4 supay anssiy asodipe Z:81D
(591-¥€0) S£0 =4O vS7 =50
(1£7-85°0) 971 =4O L61=1¥O
(zeT-v50) Tl = YO 191=¢€0
(977-450) 11 =4O l€1= 20
su L =40 860 =LO
(30018 ‘veipau)
2A0qe sy V4 supJj anssiy asodipe 1:g1D
ainsodxa
siskjeue u1 1o} pajsnipe si030eq puaiL (1> %S6) onyey sppo pue aduey 3)134end joa W | uonelndod 30alqng ERITEYEYEN]




Update on trans fatty acids and health

(tr'1-6£0) €01 =¥O we =50
(811-59°0) 88°0 = YO 887 = 4O
(€¥'1-08°0) €0°L = YO 15T =¢€0
(0'1-850) 820 =4O 97T =10
su L =40 81 =10
(300L/8 ueipaw)
V4 supJj anssi) asodipe je3ol
€00T-000T
(ero-g91) 8T -¥o or'y =0 (8592=U)
(zee-v01) 981 =40 85°€ = HO
"2{eIUl |0J21S3|0YD pue 21q14 ‘93e|0) (££€-80°1) 16'L = MO 66T =€0 £007-000C
25N ULRIABINUI ‘HiM fm_m; .Ew_w; uoReanpa 4 (5£7-08°0) £€1 = 4O = 0 (b56= U) 6661-b66L
VeIl A81aUa |e101 '\, V4S ‘T UIWLENIA ‘,pidoe 000> L =40 S8 =10
Jluajoul}-n anssiy asodipe ‘joyod|e ‘Sujouws (80018 ‘uelpaw) sired paydiew
‘Auanoe jedisAyd ‘uoisuaniadAy jo Kioisiy V4 supJj anssiy asodipe je3ol V4 supiy ]043U0D 3SeD /6/] (9007) 1P
‘sajaqelp Jo A103sIY ‘BWodul ‘@duapisal ‘a8 Xas 6661-1661 anssiy asodipy uedRy €150D) | J2 SOWey-uojod
ainsodxa
siskjeue u1 1o} pajsnipe si030eq puail (1> %S6) onrey sppo pue aduey 3)134end joa W | uonejndod 3d3(qng ERITEYEYEN]




Update on trans fatty acids and health

2A0Qe sy

su

su

(¢€1-520) TO'1 = YO v6'1 =50

(0€1-2£0) 260 =4O 751 =0
(€1-69°0) 760 = 4O 671=€0
(vZ1-1£°0) ¥6'0 = 4O oL =20

=40 580 =10

(800L/8 ‘ueipau)
V4 supJy anssiy asodipe 1:g1D

£007-000T
(S'e-£6'0) SL1 =40 ¥$'7 =S5O
(pre-lz) sz =¥o 961 = ¥O
(LLT-£80) ¥S'1 =4O 197 = €O
(re-601) ¥8°1 = YO 0¢1=20

=30 €60=10

(800L/8 ‘ueipau)
V4 supJy anssiy asodipe 1:g1d
6661-7661

siskjeue u1 10§ pajsnipe si03oe4

puaay

(1> %S6) onyey sppo pue aduey 3)134end

ainsodxa

d

d

joa W

uol

b Y

AdUIRY




Update on trans fatty acids and health

Pasealoul sem 2oUBDIJIUBIS JO |2A3) JO ‘JUBDIIUBIS SWEeDaq PuUdI) SISA|eur S1eLIBAI}NW Ul PAPN)UI SI0108) 353U}
UBUAA v ¢ ANOYIM ‘O /M ‘spIDe A1ey paresniesunA|od ‘y4nd @1eipAyoqued ‘OHD ‘spioe A11e) pajenies ‘v4S ‘olel diy 01 1S1em ‘HiAA UOIDIBJUI |BIPJEDOAW ‘)N Xapul ssew Apoq ‘|INg

el (z€0-9000) 00 = YO €60=¢€0
A3szu3 ‘WG ‘Aunde |edisAyd ‘uolednpa jo (96'0-90°0) 570 = 4O [L0=T0
sieak ‘Gupjows ‘|)N a1n2e Jo Aioisiy Ajiwey 98y 1000 1 =40 790=1D
JU3)U0D pIoe A11ey) |B10Y % Uelpaw
A i V4 mtmﬁ msmm_\p mmoﬂ_@qv s1oauo>
6= U pue sased
(££1-81°0) 1810 = YO 8¢l=1v0D | (70-=1)are200 6= U Aq papiroid
axelu (#L'1-8€°0) 99°0 = 4O 071=£0| 30uppspoyiaw | Asdoiq anssiy asodipe
AB1au3 ‘|Ng ‘AuAnoe JedisAyd ‘uonesnpa 4o (€€'1-24°0) 6£°0 =4O 850 =70 | Yioq Woly s|aA3)] 4 ‘0lg= U S|013u0d
sieak ‘Bupjows ‘)N 1n2e Jo Aioisiy Ajiwey 98y su L =40 $€0 =10 anssly asodipe ‘/67= U s95€D
(Kep,/8 ‘ueipaw) pue D44 £q Apms jo13uo> (¢o07)
eIl 4 supi) Aieyalg | passasse 4 supi| -3sed 9san8nuiog |0 12 sado
(¥9'1-08°0) SI'L = 4O or'L = SO
(9t'1-5£°0) SO'L = 4O 6l1= 10
(05'1-18:0) OL'L = YO S01=¢0
(9¢'1-18°0) 601 = YO 160 =20
su L =40 ¥£'0 =10
(300L/8 ueipaw)
V4 supJy anssiy asodipe 7:81)
£00Z-0007
(lLOI-+T7) 9L = ¥O 707=50
(S7'5-05'1) 98T =4O 051=+0
(96°¢-81'1) 91T = ¥O 0CL=¢0
(081-09°0) +0'L = YO 86'0 =70
000> L =40 G£0=10
(300L/8 ueipaw)
V4 supJ anssiy asodipe 7:81D
aA0qe sy 6661-v661
ainsodxa
siskjeue u1 1o} pajsnipe si030eq puail (1> %S6) onrey sppo pue aduey 3)134end joa W | uonejndod 3dalqng ERITEYEYEN]




Update on trans fatty acids and health

"3)e1ul Jo 3j1uInb /a)1uenb /31142 159MO] pue 153431y 3Y) US9M1Sq 3DUISHIP JO |9A3) 3Y) O1 J2Ja4 s3NjeA puaJ) d Y] '3)qel 3yl UIYIM UMOYS US3q SARY |apOW a1 Ul Joj paisnipe
24am Jey) 101084 d1J123ds By ‘patiodal Ssem sl Pa1eIdOsSse U Ul 32UaJa)Ip 1uedIUSIS e USUAA '$1010e) SUIPUNOJUOD Jo) pajsnipe )Ny usaq aABY UDIYm 3SOU) dJe pajels Wy ayl |

el 4NN

pUe V4Nd ‘V4S ‘|oi2153]0y> Areraip (o911 €51 = ¥y 67=50
‘afe3ul A312u3 e301 ‘uiP30ad Woy (091-96°0) ¥T'L = ¥y YT =10
AB13ua % ‘AuAnoe JeaisAyd ‘asn unidse (L'1-16°0) 9L'L = ¥y 07=¢0
‘uolsuaiadAy Jo Aioisiy ‘joyodje ‘3 (£€'1-£8°0) 60 = ¥y /1=7D dn mojjoy A p|
UIWBA “UILIBYAIINW ‘@2USPIDUL [N JO 7000=d L=y €1=10 VvySIsed
Ki031s1y eyuaied ‘snyels jesnedousu (A812us Jo % ‘ueipaw) D44 Aq passasse QHD WUapIUI 656 SHN
‘snyels upjows ‘Ng ‘poiad awi 98y V4 supJy Kiexaiq V4 supsy Kieialq 780°08=U (£661) |0 12 NH
(£11-0€0) 650 =44 (€87-Tl'L) 81 =44 =D
(960-1€0) S50 =44 (E1T-16°0) 6€1=¥Y = $O
0ez0=d (Or1-€70) 690 =44 (991-+£0) L1 = ¥y = €D
sup4y Jewiuy (T1-150) 920 =94 (OTZ-00'L) €¥'L = ¥y = 7O
6000=d 1=y L=4 =D
supJy 3o S)ej |ewiue WOy sUDJ|  S1ej 3)qelddaA Woly subi|
(997-501) £9'L = ¥d £'5=50
9sN UlWelARINW pue pioe Jisjoul) (60'7-68°0) 951 = WY Sr=v0
PUB V4NN ‘V4S JO 3elul ‘uondiejul (89'1-6£°0) Ll'L = ¥¥ 6¢=¢0
[elpse20AW Jo Kioisiy Ajiwey ‘xelul (6£'1-05°0) €711 = Wy 7€=70 dn mojjoy £ g
A81ua ‘asn uaBo.)sa0 |esnedouswysod 7000=d L=y PT=10 VySI5eD SHN
‘snye)s |esnedousu ‘axejul jloyodje (Kep /8 ‘ueipaw) 44 Aq passasse AHD WapPUI ¢ (c66l)
‘uoisuapiadAy NG ‘Bupjows 98y V4 supiy K1eyaig V4 supiy Kieyaig G60'G8= U [ZRERENVYN
ainsodxa
sisA|eue u1 Joj pajsnipe si030eq puaip (1D %S6) DIty 2A13e)aY pue aduey 3)134end jo ainseayy | uonejndod 33lqng ELITEYEYEN]

AHD 4O S YHM Y4 supJ} Jo uoljerdosse ay3 SuiresdiysaAul salpnis 3140yod aA13dadsoud vz 9)qel




Update on trans fatty acids and health

18l V4 supbiy pue z:g|

V4 supi) (¥d3) pioe dlousejuadesodia
‘(YHQ) p1oe dlousexayesodop Jo
s)aA9) pidijoydsoyd ewseid ‘axouis
JO A1o3s1y ‘aun)ie) 1eay aA11sa8u0d

AHI Y¥IM pa3eIdOsse 10U |:9| SUDJ) PUR Y4 Subi] 1e3o]

(98°0-£1'0) 8€°0 = 4O = SO
(£6'0 -17°0) S0 = 4O = ¥O
(0£0-51'0) 670 = YO = 7O

(0z'l-£8) TS = WO = SO
(0z'2 -z¥'1) 0T =4O = vO
(87°7-750) 801 =0 = €O

‘sN3e3s BUD{OWS ‘UONEINPS ‘Snyijjaw paje3s jou (190-71'0) 6270 =40 =70  (¥81-1¥"0) £8'0 = ¥O = TO (plz=u b
$312qeIp ‘MEBIP POOI|q JO W} pua.y oy d L=¥0=1D L=¥0=1D V4 SUDJ] | S|OIIUOD “|7= U S258D)
‘9IS DIUI)D ‘95e3SIP JB|NDSRAOIP.IRD 18l V4SUDIL T:8l Y4SuD.] spidijoydsoyd SHD Ul Apnas (9002)
4o 2duasaud apual 98y v sup4) pidijoydsoyd ewsed ewseld [ ]0J1U0D-35eD PaISaN D 12 24)eWa
B ]
9]qe1983A puE 1iNuy pue 31q1) |BIIAD
‘4 £-U uLieW ‘PIDE DIUS|OUI)-1 ‘DXeul
VANW'V4Nd VS 023591042 Aresaip (91-207) €1 = ¥y 87 =50
‘afe3ul A31oua e301 ‘uiRi0ad Woy (vr'1-66'0) 611 = ¥ TT=%0
A812u3 % ‘Auanoe JedisAyd ‘asn unidse (€5'1-601) 671 = W 61=€0
‘uoisuaLIadAY Jo Aiosly ‘joyodle 3 (971-26'0) 80'L = ¥y 91=70 dn mojjoy £ 0z
UIWIBYIA ‘UILIBYIAI}NW ‘@DUSPIdUl [N JO L=y =10 VS35
K103s1y |e3USIed ‘@SN suowlIoy ‘Snye)s 100=d (A812ua Jo % ‘ueipaw) D44 Aq passasse AHD UapIdUI 99/| SHN
Jesnedouauw ‘snieis Supjows ‘Ng @8y V4 supiy Lie3a1q V4 supiy Kieyaig 8//'8/=U (s007) Jp 12 YO
el dn mojjoy £ g1
1042353)0Y> pue ViNd ‘V4NW V4S (pr1-€40) €01 ="uy 0¢ =50 vvS9sed
‘uoledIpaW daGeIp ‘uolirluswa|ddns (0€1-69'0) 560 = W vT =10 QHD 3u3pPdU 619
I UILIBIIA ‘35N UILIBIAINW ‘21q1) (¢s1-£870) SL'L =" 17=£0
. . . . . (sunaseq
‘uijoud ‘Sejul A3u2ud NG ‘AuA1de (611-89°0) 060 = ¥ L1=70
|es1sAyd ‘axeiur joyooje ‘aduapioul L=y CL=10 N mﬁwmn_m_n SHN
|W Jo Kio1siy |eyua.ed ‘asn auowiioy p/0=d (A812ua Jo % ‘ueipaw) D44 Aq passasse tm pasouderp) (+007)
Jesnedousuw ‘snyeys Supjowss o8y V4 supiy K1eyaiq V4 supi Kieyaiq 7/95=U| |p )2 ndsaseue|
ainsodxa
sisAjeue u1 1o} pajsnipe si030eq puail (1D %S6) 2is1y 2A13e)2Y pue aduey 3)134end jo . W | uonelndod 303lqng duaIRY




QHD |e1ey pue
| ]B3BJ UOU 3pN|DUl 358D QHD JUSPIDUL,y, ©2SBISIP 1Bay DIWaYdSs! ‘GH| JUSWISN(pe a1eleAlNW ‘AN ‘SpIoe A11e) pajeiniesunA|od ‘v4nd ‘spide A11e) pajeiniesunouow ‘4N ‘spioe
A1)y pateINIes ‘V4S Xapul ssew Apoq ‘g $92In0s 9)qe1a8a woly supJ ‘8aA (007 ‘Auioyiny A1ajes poo4 ueado.n3) LApnis yijeay Jejndseacipled ‘SHD Apnis yijeaH sasinN ‘SHN

Update on trans fatty acids and health

(€8'1-€50) 8610 = Wy 20=¢€L
(€r'1-40) 6£°0 = WY PlLo=17L
ewse|d /sa1£501y1k1a su=d L=Yy olo=LL
Ul /4 SupJj 1810} ‘pIde dId)oul| AW
‘s9)2qeIp pue elWa)0Ja1s3)oydiadAy (3ua3u0d pioe A11ey % ueaW)
‘uolsuaiadAy Jo Kioasiy N Jo Kioisiy /-U :9] V4 supiy 91A20141f13
[Eau2120 ‘251 ubidse ‘el 0o3[2 su=d| (rl-pr0) 6£0=¥d  (£60-6£0) 190 = ¥ 070 =¢€L
‘Auannoe edisAyd ‘asn auoulioy pue e : o ) ;
snyess JesnedousLu I ssnjd 2A0qe s AW | (9€1-9%°0) 620 = ¥¥ 8% _.MH 0) L ﬁw = M“ m___w” Nm
MeIp poO|q Je snjels y00=d AW paydien V4
8uiysey ‘snies Bupjows 98y :paydrey payorey (3ua3u0d pioe A1rey 9 ueaw) | supiy 14041k
/-U [:9] V4 supJ) ewseld pue euwse)d anoqe sy | (9£007) Jp 12 uns
(€9-vl) 8T =" 050 = ¥O
(£5-11) ST =uy 8¢'0=¢O
(re-20) S1="vy €0 =10
100>d L=y ST0=10
(3ua3u0d pioe A11ey 9 ueaw)
78l V4 sup.y |e10) 314d04Yiki3
(L9~ e ="ud 791 = %0
(£7-90) €1=4y lZ1=¢€0
(F2-50) 'L = ¥ €01=10
100>d L=y LL0=1D
sarko0IkIa . (wa3u0d pioe \Atmu_xx cmwxr&
Ul V4 9-U Je303 pUe §-U Ure SU0) 1'8L V4 Sups) 101 2142044313
‘sa)2qelp pue elwa|ou1s9]0ydIadAy (T1-51) €€ =y €TT=¥0
‘uoisuaniadAy Jo Kioasiy N 4o Kioisiy (re-£0) 91 = Wy wUL=0 (2= u sjouo>
Jejuased ‘asn uuidse ‘Syejul joyode (96-£0) 9L =y 051=70 1991 U y555€3)
‘AuAnoe jedisAyd ‘asn suowoy pue 10°0>d L=¥y /=10
snie1s |esnedouswl ‘NG ‘Melp poo)q (1s1u0d pioe A11e) o ueaw) V4 SHN ur Apnis
1e snjeys 3uijsey ‘sniels upjows ‘93y V4 supi) 2101 91420441413 supJy 31A204y1K13 |0J1u02-35ed Pa1saN | (e£007) Jp 12 uns
ainsodxa
siskjeue u1 1o} pajsnipe si030eq puail (1D %S6) oney sy pue aSuey 3)134end jo ainseayy | uonejndod 33lqng ERITEYEYEN]




Update on trans fatty acids and health

680 1242 q¥S'L q[8Y 0~ 9¢ 96 (474 V4 subi] o H (9007) ‘1o
lel} Jiks eeel| esSv| T 8¢ 6vl| STr| V4supiLiH SfPam g d 0,2 | 12 dniisjoyL
|/joww [ /joww | )/joww | /joww
abll I'e ql€l LTS 60 w9 oL L6L |o1uod H
2660 8C'¢ qe6CL [do 60 S9 oL [y} v4ande-u pa1e)dwiod 6/ (v007) |p
qell'l 18T 2 9CL 9% 89 LS oL coL V4 subij Sf2am g d 0/68 | 12 812q124Q
/10w /0w | /jowu | /joww
8sew - sA Brew s
J1ayje | Apuedyiudis D-1g1A
81ew -5 pue OS 'sA Ja1INg
pue 8Jew »213s ‘Uoys-Hd (A812ua
12)Je | Apuediyiudis D-1a7 %07 pap!ro.d siey |eauswiiadxa)
Brew 1405 B1ew 16 ‘O 8L A_“w_wwcmm_:wwoo_\wm 91 wahﬁwﬂa
Jaye | AueoyiuSis i ’ :
ue | eyl oL 7818 '8l suen 800L/8 ¥'6 81ew yos
81ew 7-S 'SA 81ew 3d11s | UOIEINGE) JOJ 3]GE|IEAR JOU }JNSa. |ENPIAIPUI 7818 1:gL suess 30018 90 Srew -5 131p JH| (£007) jp 12
Jaye | Ajpuedyiusis ov 1 210421341 pake|dsip A|eolydesd synsay 7818 L8l sues 800L/8 970 oS| /opPems X 8L/8L | wLisuayor
€St e L/l 1314 e /ST €l 7' '8 L9l Janng
991 a9l ST Sk L9 €9 S8 §g|  Srewopns 11p DH (zo07)
121p Srew 1S 8SL >0SL E4 > LT 90 Sl '8 €L [ /sKep ¢ X /8 |p 12 ueH
uo | Apuesyiudis IaHD L 1p/8w 1p/8w p/8w| |p/Bw
VL o-1a1 J-1aH I} 1 d 2] S
Apnmys (uawom suaw)
(a>ye3ur A813ua Ajrep jo %) 104 pouad uonyejndod
1PYy30 sawod3no uonisodwod pide A33e4 aweu 3a1q awiy | uSisag 302lqng | aduasajay

sutajoidodi) Suiise) yiim v+ suesy Jo uoljeldosse ay3 SuireSiisaAul sjel) pajjoJauod pasiwopuey ‘¢ d)qel




Update on trans fatty acids and health

1aded JeurSLio ur pajuasaid eyep woiy parendjed ~ uedlyiusis Jou ‘su (pareusdolpAy Ajjeied ‘Hd ‘y4 suel) jewiue JeN {pIde D19)0 YO ‘|10 ueagAos pajeuasolpAy

Ajjeied ‘OS-Hd ‘|10 UBagAOS d1U)OUI-D MO) OS-YTVOT {|Io Ueaqhos 21910 Y3iy ‘OS-YOIH {|I0 Ueagkos Jej pajeinies mo) ‘0OS-v4507 Y3y ‘IH ‘moj ‘o7 Buiuaiioys pajeuadolpAy
Ajjered ‘Loys-Hd ‘aunedrew ‘Brew pinbi) 1was -5 10 ueaqAos ‘OS {(|p,/8wogcl«1aT) dlwajouaisajoydiadAy DH Ayieay ‘H {)a)esed 4 ‘USisap aenbs ulleT JO J9AO-SSOID) ‘X {pasea.dul
| ‘@2u31a4Ip Ou <> 1101924|8)AdR1) ‘DY {|oialsa)oyd ulioidod)) Alsusp mo| ‘D-1d7 ‘jola1s3)0y ualoidodi) Aisuap ySiy ‘D-1QH {042159]0yD 810} D] ‘SpIde A1y subd) ‘|

‘spioe A11e) pajenyesunAjod ‘4 ‘spioe A11ej paleiniesunouow ‘W ‘Spide A11e) Pa1einies ‘G “UWNjOd SWes Ul SSWODIN0 UaMISq 3DUIJIp JUedljIusis 210uap $s1d1dSqNs JUSISHIP qe

Kjuo
USUIOM Ul PUNOJ BWODINO 4568 4€'96 4589 | 478l /-U‘L)g| suel) se A81aua %ep'e | V4 supil JeN 191p H
Ul s9USJaJIp pamoys ey6L e E88 2999 =8'0/L 6-U “ 1:8L supi) se A313Ud %eyT | V4 supsl Hd /SA9M ¢ X lzsel| (L0010 12
sisKjeue d1y10ads Japuas 1p/Sw 1p/Sw p/Sw | |p/Sw 131p Yoed %p~ /4 Sued) |ejo| Aulipeyd
Sl q¥8'¢ 9091 q€0'9 0 w9 9 L'st wied |H ip H (¢007) I
ozl 26V'C 251 209'G L0 9 6 €| subipvo IH /SAM ¢ X e/l | JouIsusN
l7jowur | /jowun /oWl | /jowu
I
/1 Aer
98°0 72 0C'¢ qe 0L 681 0 oL 6'S 8l Ell $1939)dwod Og
88°0 q0¢'¢ qCel €0'q [4Y 8'G el L'é OS Hd p 104 paje)s jou (¢007) I
$321p UPaMI2q |0I2IS3|0YD 160 .80°€ L€rl 6t 0 9¢ 9¢l| Lgl| uRowed| /opemy X umopealq | jo weipung
QT ULOOURIBYIP <> | | /oW | | /joww || /jowu | ]/joww 19puaD 4,/W
oul q0vL 8 50l 86'0 vL'8 el 8¢9 |Io gjoue)
ou 2591 0s =0T 090 IS¢ oL €@l |10 Wied
€l qGhL 6 q0¢CC S50 Sl ocL 0o¢'L [ wip DH| (9007) o 12
6L 291 8y (174 Sy €8 152 958 OS-Hd /SPIM G X 0L/§ | zedor-edapn
p/Aw | p/Bw|  ip/Bw | jp/Bw
€Ll =(6'¢ qe CEL =109 S L8 ooL €L OS-Hd
€L1 qell'e qCel avL'S S0 gel 0z 89 OS-v1voT
191 q0L'¢ 2 9¢L qlL's €0 8¢ 68l 8'G OS-VYOH
Lvody:D-1aH 9L q€9'e qCel 965G 90 9yl w9 6 OS-V4501 wip OH | (9007) o 12
‘godv:D-1a7 ‘TIaH D-1a1A L9l 999'¢ qeCEl qCL'S 90 yd) S9 9 (&N /SAdM § X Ol/pL | uBIsuUayor
Ul 9URIBYIP <> OS-Hd | /10w | |/joww | |/joww | |/jouwu
oVl J-1a1 J-1aH oL 1 d W S
Apnys (uswom /uawi)
(a>ye3ur A813ua Ajrep jo %) 104 pouad uonyejndod
Y30 sawod3nQ uonisodwod pioe A33e4 | aweu 321q aw) | uisaqg alqng | aduaiaey




Update on trans fatty acids and health

1:g| supJy A8iaua Q| ‘s1> se A8iaua %01 gL sID |eaw MO ‘H (s007)
181 s> A81aus %07 18l supiy 2oy X 7wW/0L| Jp 12 2irege
oV |elpueidisod ul aduaiayIp <> 18} se A8Jaus %05
D-10H DL ‘OVL YL ‘OV.L Ul 92U31aIp <>
|BaW SI2 SA JU)UOD ()
uiajoudodi) | Ajpuediyiuis jeaw suel) Jalje pauLio) Ty L 181 SI> se A81aua %01 18l SID H (c007)
|eaw s> sA 1L sub4y se A312us %0l |)gL supi[ | |eaw 2indy X 0/6l JZEEXSHED)
|eaw sup.y Ja)je Ajjuediyiusis | podsues) 1a1sa 1K1a1sa)oyD 18y se A8iaud %G/
6Ty lsjoun
Ly L:8L subi
S8 L'gLsID
sniwied %6°€z “nstAw g1z W3d
sjeau [l Ly RIELENN H (1007)
512 pue supJ) UdamIaq elwadi jepuesdisod ul adusiaiq V1 1531 Ul B diy1dads Jo 18m Aq |e101 % |eaw 2oy X 0/91 | v 12 dnuysoyy
< 18} se A8iaus %905
184 801 18} MO
81/ 1OW
6'9¢ Sliwed
89'6¢ oueals
|esw 1ej Mo) 81pe 18| suoi| Y (0007)
sA dwed ‘:g| subiy ‘YO Jaye | Apuedyiudis oyl iy £ 3989 LgLsID | |eaw 2oy X e/ | o1 sispues
S|ealll 14 MO) pue | DN OLeals e} d1y1>ads Jo jeaw /8
sA dniwed ‘:g| supi) ‘vO Ja3ye | Ajpuedyiudis oy iy ¢ | (1ey se A81aus %/ 1e) mO)) 1y se A81aus %59
(uawom yuaw)
sjeaw 3523 jo Apn3s 10y uonejndod
awonno uonyisodwo) | aweualq | pouadawiy | udisag 322[qng ERITEYEYTN]

(etwady) jo4924)3)A>e11)
Jeipueadisod pue 4 supJy Jo uoljeldosse ayl Su1eS11saAul SaIpNls Pa)|0Jl1UoD pasiwopuey Vi 3)qeL




Pasealoul | ‘9dUaJaJJIp OU <> {|0J31S3|0UD |e10] D] ‘SpIde A)1e) Paljlialsa uou ‘V43IN
‘sutayoudodi) you j0sadA)8)Aoel) Ty 04924)81A0e1) ‘DY ySiam 13m pareuadolpAy A)jeiped Hy wuSisap asenbs uie Jo UaA0-ss04D) X YSIaMIaA0 ‘ANO AYijeay ‘H pioe A11ej ‘e4

Update on trans fatty acids and health

VS %L°£T V4 SUedl %6/°0 pieq
VA4S se A31aUD %967 ‘V4 suen %0 Jlo wied H (9002)
V4 supiy se A81ous %¢7 | 10 Ysly-Hd | |eaw a3ndy X 0/8 | 012 jomued
V4IN ‘DL ‘OVL-TYL ‘OVL |eipueidisod ur aouaiayip <> 18j se A8iaud %Gh~
(uawom yuaw)
sjeaw 3533 jo Apns 10y uonejndod
awodnQ uonisodwo) | aweu3aiq| pouadauwny | uSisag 323lqng ELITEYEYEN]




Update on trans fatty acids and health

Jsaded |eurBuo ur payuasaid elep wouy payejndjed ~ wudisap |9)|eted 4 :Ayijeay ‘H ‘spioe A1yey supiy ‘|

‘spioe A13e} pajeinyesunAiod ‘4 ‘spioe A11ey pajeinjesunouow ‘W ‘spide A11e) pajeines ‘S {ULINjOD SWes Ul SSWIODIN0 UaMIaq 3DUIIP Juedijiusis 210uap s1dudsqns JUIaLIP qe

SO'L 0~ 9¢ 9'6 474 V4 supip o7 H (9007) |p
660 (44 8¢ 67l S V4 subiy1H HPIM § d 0/ | 12 dnisjoyr
ol 070 98¢0 Lo~ 98- 66~ 8L~ V4 Supi] MO) H (9002)
S6'0 o 50 ST 69~ L6~ YL~ V4 subi| RECUN d /T P a2 auyny
Jw,/8u 1o L d W S Apnys (uawom yuaw)
1D |oWW /|oWwu | 1D |oWW /|OWU | 4D joWwW /|owu (a>e3ur A813ua Ajrep jo %) 104 pouad uone|ndod
9OX0-8 "4od-pot-sl "494-0s1-g uonisodwod poe A33ey aweu 321q awiy | udisag alqng | aduasagey

$S341S DAIIEPIXO YIM Y supJ} Jo uoljeldosse ayy Suijedi3saAul sjels} pa)jodjuod pasiwopuey 'ys ajqel



Update on trans fatty acids and health

AYAIDR V3 10 ANADR
10 5)2A9) |-1¥d ‘ANAIOe

uoI1e|N3e0D ||A 1018 . Wed
Jeipuesdisod ul < 8L sl
J13j0Ul]
(z100=d) s} jeyuswiadxe 8L SID
|eaW V4 supi} 3y 0} £q papinoid % /p-1y SlHwed H (c007) Jp
paJsedwiod jeaw dLeals papiroid jou syuiod eiep jenpiAipu] 1ej se A81aua %9°05 JLE3)S | |eaw aindy X 0/91 | 12 dniisjoy
1 IIA J010R) pajeAlde
[a44 LoL 891 el Lo ¥9 [ 8| 60l OHD
JAN4 LoL 98'L 8L 1o S9| £0T| oL L:gL 512 wip H (c007) I
' LoL 98'L 19 96 9o ¢u S'6 L8l subi] /M T X 0/6C 1o slapueg
UOIEIIUIIUOD (1/8) (%) (vovn) | (i7:00n)
Jawip-q <> | uadouuqi4 SlIA4 Vd-} L-Ivd
s19193e)d
Aq uononpoid
‘g auexoquIoIY} 6T 96 956 col Kep/ gl suesy 8w oLyl | €18l U4 IH 191p H| (0007) 032
OJA Ul <> 67 6701 5’86 L'LL Kep/ ¢igl suey 8w 09 | €8l supi O /S29M 9 X 0/88 Suossuy
uonesaise 19)91e)d (1/8) (%) (%) (u/nv)
paonpul uage||0d <> | uaBoulqly SlIA4 IIAd l-Ivd
(s12A3] D144
-012%-9-Joulp-¢°7 pue
unqoj3oquuoiy-¢) 19 46'001 88/| ¥0| Se| €| osL| pwoeoueas H| (g66l) 0312
‘uopedaigse €vS :9L6 ese| 8| 67| cu| 1L '8l supiL SpPAaM § d 6v/1€| usuading
12]238)d OAA UI (Jw/8u) (u/Brig) | (1,/10uwnig)
Ul S20UIRYIP <> ‘g Xgl-d V-d ua8ejjod v-d daV
1 d W S
Apnys (uawom yuaw)
(a>ye3ur A813ua Ajrep jo %) 104 pouad uonyejndod
FEITEYGY uoi3duny d13e) H uonisod pe A33eq aweu 3a1q awiy | udisaq 32lqns | aduaiagey

uol13dUN4 D13eISOWRY YIM Y4 SUD.} JO uolleldosse ayl SuijediIsaAul sjeld} pa)jjo4juod pasiwopuey 'y9 d)qel




Update on trans fatty acids and health

pasealnap | 22UBIaIp OU <> ‘UOIFRANDE 32]23e]d paonpul uale)|0d ‘-4 UaBe)0) uolanpoid “g suexoquioiyy 33)23ed g Xg1-d ‘Uoiedaidde

19)218|d PadNpul 4@V ‘Vd-dav AuAnde juejn8eod ||A 1012e) D||A4 Hojealde uadoulwseld anssiy ‘Vdi {|-101qiyul Jojeade uaSoulwse)d ‘|-|yd spide A11ey pajesniesunAiod ‘y4nd ‘10
ueaqAos paeusdoupAy Ajjeied ‘OS-Hd Xiw pioe dnsuAw pue diiwed AP 23eIpAYoqued ‘OHD Y31y ‘IH MO) ‘O ‘UBisap asenbs ulzeT Jo J2A0-5S01D X Auieay ‘H ispioe A1ey suesy
‘| ‘sp1oe A1ey pajednjesunA|od ‘d ‘spioe A11e) Pa1eIn}eSUNOUOW ‘W ‘SPIDe K118 P21RINIES ‘G {ULIN|OD SWEeS Ul SAUIO0DIN0 UaMIS] 2OUI344Ip JUrDdIUSIS 210Uap $1d1IDSQNS JUSISHIP 4o

/[-U
'8l supil O
06 698 | vo-| 9¢| 96| ¥ [-u 11p H (9007) 10
S6 6L/ TT-| €| 6¥lL| STC| LBLSUDILIH| /SfeemS§ d 0/2¥ | 32 dnnsjoyL
(%) (Jw,/3u)
dlIAd 1-Ivd
“AUIAIIDER JO S19A3) Vd}
pUE |-]Vd 0 ‘A3iAoe ro| zot| zu| 9 v4nd (6= u) seunseaw
IIA 10108} ‘S|2A3] ro| zs| su| 7w 1o wied Sl3eISOWeH (s007) Ip
uadoulqyy ewse)d papiroid jou syuiod eiep jenpiAipu) oL ss| 9ol X3 OS-Hd | 121p/sAep /| X /T/0 | 12 uasiapad
10} S19Ip U99MID] <>
£5T 0:91-07L Aep /8 979 091-0:Tl
€LT VS Kep /8 g'/¢ VS
85T | supi Kep /8 5p1/(vS) 8°€T VS 8 subil
2857 L'l sueiy Kep /8 g'g7 1'gL supi}
85T 1:gL s1> Aep /3 719 L'gL s>
19T OHD Aep/3 Izvy OHD
Jej _mwr_wgtmaxm
(178) wouy dn apew %g 2P (»002)
uadounql4 ‘1B se A81aud %6¢ /S4IM G X 0/05 D 12 Jaeg
o w s
Apnys (uawom uaw)
(a>ye3ur A813ua Ajrep jo %) 104 pouad uonejndod
Y30 uoi3duny d13e! H uonisod pide A3ye4 aweu 321q awiy | uSisag 2lqns | aduaiagey




Update on trans fatty acids and health

ally 0:91-07L Aep/8 979 091-0Tl
078 VS Kep,/8 g/ VS
av'0b supsy Kep /8 Gyl /(VS) 8'€T | VS8 supi
VT L'gL sues) Aep,/8 g'gr 1:gL sup4
yis 1:gL s1> Aep /3 719 L'gL 512
4=8'8€ OHD Aep/3 Izt OHD
(w/8u) 12} |e3uaWILadXa WOy 1P H (v002)
unnd3)as-3 | dn apew %g ‘1ej se A8Iaus %6¢ /29Mm G X 0/05 D 12 Joeg
(A813ua %07
// bl papiroid syey jejuswiiadxa)
9/ 12l 7818 '8l supi1 8001/8 9 J1a1ng
1L jxdl 7818 1:8L sup41 800L/8 1'97 | 81ew 1S
6L Yadl 7818 1:gL supi 800L/8 9€L | "HOYs-Hd
8L 1dl 7818 1:8L supir 300L/8 ¥'6 | rewr 1yos
1L 1dl 818 '8l supi3 800L/8 9°0 8rew -5 11p DH | (c007) 032
BHww SHWW 818 '8l sup4 800L/8 970 oS /9PaM § X 8L/8L | ueIsuaIyd
dga dgs
00°€ 1:81 sup4 8001/8 ¥'0 1o Wwied H (zo0?) 10
/87T 1:gL supsa 800L/8 8'€¢ '8L sub4 | |eaw 21ndy X 0/1C 10 500y 2p
(%) an4
79| €0 69 6L| 6 v4S 1P H (1007) 12
vy | T6 LY ¥'8 6| LgLsupiL /M X 6L/0L| 12500y ap
(%) an4
(uawom
1 d W s
Apn3s susw)
(a>ye3ur A313ua Ajrep jo %) 104 pousad uonyejndod
Y10 uoiduNny jeljayopuy sainssaid poojg uonisodwod pie A33ey [ aweu 3a1q awn) | udisaq 32lqng ERITEYETEN]

uol3duUNy |eljdaYIopuUd
pue ainssaid poojq Yiim Y4 suel) Jo uoljerdosse ay3 uijedi1saAul sjels) pajjoliuod pasiwopuey "/ d)qel

®



Update on trans fatty acids and health

9DUB.3JJIp OU <> ‘2inssaud |elialie ueaw ‘JyN ‘Uole|ip

pajelpaw MO)4 ‘QW4 ‘@inssaid poo)q d1joiselp ‘dgqd ‘@inssaid poo)q d1101sAS ‘4gs ‘pioe dLeals VS D1eipAyogied ‘OHD ‘Suiuapioys pajeuadoipAy A)jenued Loys-Hd ‘oulieSiew
‘B1ew ‘pinbi) 1Was - {10 UBSQAOS ‘DS ‘SpIde A11e) PajeInIes [y4S UBISap aienbs uie 1o 1aA0-ss01D ‘X {(|p,/3WoEl«1d1T) diwajola1sajoydiadAy DH Ayijeay ‘H ‘spioe A1jey suel) ‘|
‘spioe A11e) pajeiniesunAjod ‘4 ‘spioe A11ej paleiniesunouow ‘W ‘Spide A11e) paieinies ‘S {UWNjod SWes Ul SSWODIN0 UaMISq 3DUIJIp Juedljusis 210uap $1dLdsqNs JUSISHIP qe

A)iqisuaisip
pue adueldwod | g0l
Jeuayie “Audeded | 9oL 26’06 €vL el 60 (4 oL JASS |043U0D H
A1o3e|Ip JeuaLE <> | 8€0L aL'e6 89L Eyad) 60 59 0L €L vdnde-u RIp paie|dwiod 6/ (vo0t) 10
926’68 SU 8¥eL| 89 LS ol €0l V4 supi| /S4PIM 8 d 0/68 | 12813qi34q
S1aIp U2am1aq (%) SHww | SHww SHww
a1eu ANjiqeries Leay <> [ QA4 dvYN 44a dgs
(uawom
1 d W S
Apn3s suaw)
(a>ye3ur A813ua Ajrep jo %) 104 pousad uonyejndod
Ry10 uoiduNy jerjay3opuy sainssaid poojg uoiyisodwod pioe A33e4 | aweu 321q aw) | udisag alqns | aduaiajey




951 400’ 091-0:ZL Aep/8 979 o91-0Tl
95 4860 Vs Kep/8 g€ VS
4elS'l 560 supiy Kep /8 G41/(VS) 8°€C VS 8 supiy
oSS'L 0L 1'gL supiy Aep /8 g'g7 1'gL supiy
9€1 oL60 1gL s Aep /8 719 L'gL 5P
! 901 OHD Aep/8 12y OHD
(u/3d) (1/3w) 184 |ejuswLadx® 121p H (+007)
9-1I 44D wouy dn apew %g ‘1e) se A31aud %6¢ /SP9Mm G X 0/05 D 12 Jaeg

(23e3U1 1BY JO SPAIYY
om) ‘A81aua %0z papiroid siey jeyuswiiiadxa)

vTT 7818 '8l sue3 800L/8 97 1enng
81T 7818 1:8L suen 8001/8 1'9¢ 8rew NS
0LT 7818 L:gL suen 8001/8 9°¢L “Hoys-Hd
0£T 7818 1:8L sue 300L/8 ¥'6 8rew 1os
0LT 78178 L8l sues 800L/8 9'0 3rew -5 11p DH | (c007) )0 32
Sv'T 7818 L'l suen 8001/ 97°0 [ /SPM § X 8l/8l | ueisuyar
(1p/8w)
4D
‘sa1£o0ouow

pa1oeiIxa Aq uononpoud z-7| Jo uoljesajold
21£>0ydwiA) ‘asuodsau upys AuAnIsuasiadAy-pake|ap <

(s0°0>d) 321p OS 03 pasedwiod €L v I8 L9l 1enng
131p 81ew 1S ur | Apuedyusis 5)193 Jeajonuouow 9 €9 58 58 81ew 5pns OH (z002)
pate|NWs pa1deiIxe Aq paonpoid DINL pue 9-T| 90 s I8 €L 05 | 331p,/skep 7€ X %] |p 32 UeH
1 d W S
(uawom yuaw)
(a>ye3ur A813ua Ajrep jo %) Apn3s 10y uonyejndod
3awod3no Aiojewwe)jul uonisodwod pide A3jey awreu 3a1q | pouad awiy | uSisaq 32lqng | aduasajey

Update on trans fatty acids and health

uoIleWWeJUl YHM Y4 SUeJ} JO uolleldosse ay3 SuilediisaAul sjeld) pajjoJiuod pasiwopuey 'yg ajqel




Update on trans fatty acids and health

9D2UaJ3JIp OU ‘<>

‘pasealnul ‘| ‘U12301d dAI1DBI-D ‘dyD ‘O JOIDBY SISOIIBU INOWN] DN L ‘9 UBNSJIIUL ‘9-T] ‘MO ‘0T YBiY ‘|H PIB DLeals VS D1eIpAYOqIed ‘OHD ‘Buiuapioys payeuadolpAy A)jeied

‘Joys-Hd ‘auredrew ‘Srew pinbi) 1was -5

ueagAos ‘0 ‘1a)esed ‘4 UBisap asenbs uire o Jaro-ssold ‘X {(|p,/8wogl<1T) diwajolaisajoydiadAy DH ‘Ayieay ‘H ‘spioe A1ey suel)

‘| ‘spioe A1yej pajeinjesunAiod ‘4 ‘spioe A11ey paleiniesUNoUOW ‘W ‘Spide K11} Pajeines ‘S {UWNjOd aues Ul SSUIODIN0 USaMIdq 2DUIHIP Juedljiusis 210uap s1dLdsqNs JUIBLIP e

991} Y/ supiy
080 z0 79 59 st omwied |4
Y4 subij
/80 L0 9 ¥'6 €TL| Mmo) 2|0 |H H (2007)
(1/3w) 99> DPPIM € X €e/1L AUISUBIN
'sdnous
13Ip U22aM13q ¢y 4o ulpue)Selsoud |erjayiopus jo
Jaytew e ‘0|4 ulpue|delsoid-01ax-9 ‘7 asedijoydsoyd
K1032.1095 ‘uidauodipe ‘unda) ‘0zd-gl-T1 0L ‘8- ‘9-TI 1o~ 98~ 66~ 8/~ | V4 Ssubiimo
‘JI-11 “P4NL ‘s21400ydwiA] jo sdnoi8qns ‘(sa14d0)nuess 71-u H (£007)
‘sa1ko0uow ‘sarkooyduwiA)) )20 aunwiwl SuieNdID <> ST~ 69~ L6~ ¥/~ | ‘I~ L:8L supni] Syoam 9 d /7| e e auyny
LU
080 ¥'0-~ 9¢ 9'6 Yyc | L8Lsubil O1
YA
LL°0 (a4 8¢ 6l S L'8L subil |H
(1/8w) H (9002) Jp
ddd SHIIM § d 0/2¢ | 12 dnassjoyy
1 d W S
(uawom yuaw)
(a>ye3ur A812ua Ajrep jo %) Apn3s 10y uonyejndod
awod3no Kiojewwe)ju| uonisodwod pide 3yey aweu 3a1q | pouad awiy | udisaq 32lqng | aduasajay




Update on trans fatty acids and health

"2elul Jo 3)nuinb /aj11enb /3111131 159MO) pue 153YSIY SU1 US39MISQ 3DUILJIP JO |9A3] 3Y) O} J3Jal sanje pualy d ay] '3)qel 3yl UIYIM UMOYS U3q 9ARY |apOW 3y) Ul Joj paisnipe

2JOM 1By} 510128} Ol

ads ay) ‘pariodai sem sl PaJeIDOSSE Ue Ul 92UJ2J4Ip JUBDLIUSIS B USYAA "S1030e) SUIPUNOJUOD J0J palsnipe A|jnj Uaaq aAeY UDIYm 3SOY) aJe Paes Yy Yl |

(80'1-£57°0) 8750
(8€8°0-207°0) LF'0

vsn
(€'1-0€€°0) 989°0 PLLF %L0% S|01U0D Jo1uoD-asEy
Xapul ssew Apoq pue snjejs jesnedousyy ¢ro=d 00l €LLF %08°¢ s9seD V4 subi} sjoljuod
)(@s = ueawy) uonejndod ajoypp | anssiy uswopqe paseq-jeyndsoy (v661)
"UaAIZ J0U s3j1uenb 10y 4 subiy % pue )seaig G71/358d G| | 12 Y2113
(61-L0) T Wws=50 vsn
(0T-g0) 7l 857 =4O
aseasip 1seauq usjuaq Jo Alolsiy Joud pue (91-9:0) 011 86€=¢0
‘eIul |oyod|e ‘Apnis 2104aq sieak G 1ySiom (8z-11) 21 =70 |013u0d-3s58D)
‘asnedous ‘z4adued }seaiq J0j SI010e) sy y6'0=d ol ¥/7=10
V4 supJj |e3o | $]0J3U0D
anssiy v4 suoi paseq-jeydsoy (661)
asodipe ul 4 8103 JO 4 supiy % | asodipe jeain|o 16€,/9582 96 | 12 UOpuoT
$31pN3s 1043u0d-3se)
2661-1661 31dwes vy
v4 12303 80018 8611 /861-7861
(3s197) 213ua2 353Y8IH elep Jadued BN
ue adoun
V4 18101 300L/8 €1'0 pazels P d
epeURID) 2JJUID JSIMO 10U UMOP>[eal ©2180102
spoyiaw (L6:0-790) (epeueso) ! s cmwv_n_\,\“ : 173
K1o1ei0qR) pUB 243U3D APN1S ‘X35 98y 68°0 = 1 JU31D1}4202 anssi} V4 supij P (661)
V/N UOI1E|9.110D UOS.Iedd asodipe ul /4 |e10) JO 4 subiy % | anssiy asodipy S3LIUN0D Q| |D 12 Jaxpeg
salpnys uonyendod
(1> %s6) (paiyoads asimiayzo
oney sppo 40 Jjsiy ssajun dnoi$ jo ueipaw) 3, d
sisk|eue u1 104 pajsnipe si030ey puaip aAl3e|aYy pajsnipy 12A3) /e3ul 4 sues) joa W Indod 322fqns ERITEYEEN]

Jadued 3seaiq YUM Y4 Suel} Jo uollerdosse ayl SuijediisaAul salpnis UewnH ‘g d)qel




Update on trans fatty acids and health

9seasIp isealq

(66°0-¥8°0) 160 |esnedouawsog

vsn

udiuaq Jo Aioasiy ‘1 yH ‘snyels jesnedousi :_.ﬁﬁw.w.ov o.o,v_ _mwsw_awﬂw\%mi v661-086L (SHN) Hoyo>
‘sieak g| 33e Je g 'sieaA g| a3e 2duls 14 sup.} B30} WO xm&%% oo.@n.Mw OONMmMm_uc_ Jo. o SIUBAS 956C m_m._\,__/_uw%ﬂ_
28ueyd JySiam ‘poliad awiy ‘Ul v ulweIA pauodal V4 1803 3 30 %L 4 104 ¥y uaLwIoMm 4 d
‘asnedouaw je a8e ‘z1adued Jsealq Joy JON USAIZ 10U LOYOD J0J /4 SubJ) Jo axelu| | D44 Aq passasse Jesnedousuiisod (6661)
$1010BJ Sl ‘510128 SUIPUNOJUOD piepURlS V4 supi) wouy A31aud % | 4 supi) Aieyaiq pue -aid g6/ 88 D 12 S3W)|OH
saipns |ed13ojolwapida aA130adsoug
(90-r0)zo 070 =50
NG pue ‘o13es diy-03-3siem ‘AyAnoe Jesisyd (60-10) ¥0O €0 =0
‘Sunjows ‘@xejul |0Yod)e ‘UOIEINPS ‘BSB3SIP (9°0-1'0) 70 [70=€0 puejul4
1sealq uiuaq Jo AI01sly ‘Jadued 1sealq papodal (¢1-z0) 50 €T0=70 Jonuos-3585
Jo K103s1y Ajiwuey ‘| yH ‘@sn aanndadesuod JON 001 /I0=10 S]043u0d
|eto ‘(ueqn /|eunu) ease ‘(Aoueudaid wiay wnJas ul paseg-uolyejndod (0007)
-|1N4 35414 ‘@ydaeUSW ‘ApNis Jo awliy Je) a8y V4 |e10) JO pIdR /-U ‘[:g| SURIL % | V4 SUDJ] WINISS 807,/S358D G6| D 12 01y
sg0=d (o¥'1-29°0) L610 60°SLe €1
€100=d (60°€-pL1) 881 60'SL-¥LTLTL (saupunos
1000=d (Pr9-217) 59°€ Pzl LL ¢) sdoing
sj9A9] v4Nd v4Nd % Aq payiens PNssik Ul v4Nd %
asodipe pue Adesay) Juswade)das suowlioy SIPAS] V4 $UDA 104 ¥O %09°L YIS/ S]0J3U0D omur__wu,qw“mv
‘213U3> ApN3s sNJe3s DIWOUODR01D0S ‘23e §£00=d (ce'1-201) ov'L %890 YIST paseg-uolyejndod 10.3103-356)
‘Bupjows ‘;s101oe) SUIpUNOJUOD plepuels :2)nuadsad Yig/ sA Yyisz :anss1) asodipe V4 subiy Jesnedouawiysod (661)
‘uolyeindod ajoym Ul V4 SUDJ} |10} % JO 9]1IUdId | asodipe |eain)o 869,/5958D 869 | |p 12 J31aW|YOY
(1> %sé) (pauyioads asimaayzo
oney sppoO 40 jsiy ssajun dnoi$ jo ueipaw) 3, d
siskjeue ui 104 passnipe si03oey puaip aAnze)3Yy passnipy 19A3) /3qe3Ul V4 sued) jooa. W | uonzeindod 323lqng ELITEYEYEN]




Update on trans fatty acids and health

sadA1qns 1ey Jayio pue
‘2ejul v uiweliA ‘gl ae aduls adueyd Jydiam
‘gl 98 Je xapul ssew Apoq ‘sauouLIoy

(€L1-€£0) 16'0
(or1-z£0) 680
(cz1-€8°0) 101
(SL'1-8£°0) 560

S0 F %L = :Hoyod
10 (@S ¥ ueaw) 4 supJy |10
‘UaAIg 10U

Y661-086L

SIUBAS |01

vsn

(SHN) Hoyo>
aA13>adsoly

Jesnedouawisod Jo asn ‘zJadued 1sealq Joj ¢co=d o s3)13uInb Jo |aA9) 4 supi} eo] | D44 Aq passasse Jesnedouauiisod (z007)
51030€4 S 510108} SUIPUNOJUOD piepuels V4 supiy wody A81aua % | 4 supiy Kie3aig ‘Uawiom ¢/9 | | 12 dukig
“HO pajsnlpeun Ajuo juasaid Ajey
AJUuO 01 350U SI0YINe BU] ‘DI0J3I3Y | |9AI)

V4 SUpJ} 104 123443 SuIpuUNOJUOD Jofew e S661-£861 o rm.nwmu_omﬂw
P3119X3 SUOU INQ PAISPISUOD UM |9A3) (¥9'1-0¢°0) 20 %9€°07 €1 $]0J3U0D 1o m u

Jeuoijeonpa pue ‘Aied ‘Uolelde] Jo syuow (67'5-00°1) S€°T %9€0-9C0 < L V4 subiy paseq-uonejndod Sl uwawo_
‘onjed diy-1siem NG (yuiq 1511y ‘asnedousw wo=d 00l %ST0> LL aueiquIaW Jesnedouawiysod 4 d
‘aydJeuaw Je ‘Apnis Jo awly Je) ady SURIQUISW Ul Y4 8101 JO 6-U ‘'8l % a1Ao0uy1h3 Twl/sesed |/ | (100T) Jp 12 ejed

(12 %s6) (paig12ads asimiayzo
oney sppo 40 sy ssajun dnoi$ jo ueipaw) 3, d

sisk|eue u1 104 pajsnipe si1030e4 puaiL aAle|aYy pajsnipy 12A3) /3)e3uI 4 sued) joa W | uoiyejndod 303lqng ERITEYEYEN]




Update on trans fatty acids and health

(€0'-€1'0) 950
(e£T-tv0) L0

'0 * %<0 sjoluod

(89'1-£°0) L9°0 80 F %0 s258D
€co=d 00'l (as=
|esnedouawiisod ueaw) 1oyod Jesnedousu}sod
(88'7-9€0) Z0'L
(88°C-1€0) ¥6'0
(8U't-L¥°0) Ov'L 8'0 F %50 S|0lu0D
080=d 00l T0 *F %b'0 sased vsn
Jesnedouswald | (QS F ueaw) Joyod jesnedouswald (Kpras YareaH
(I€'1-€£°0) 99°0 S UBWOAN SJOA
('z-55°0) 80'L M3N]) |013u0d
|012153]04D |e10) puE ‘3583SIp ] (86'1-250) —oﬁ— . L661-586L -95ed pajsau
szo=d 001 uaAI8 J0u 2A1392ds0.d
1seaiq udiuaq Jo AI01sly Jadued 1seaiq Jo uswom |1y SayiiEnb v sups3 [£303 4O SjoAT $]0JIU0D
Ki03s1y Ajiwiey ‘Yuiq wia-)|ny 3541y e a8y . paseq-uolejndod (zoo7) |0 32
WINJ3S Ul /4 810 JO 6-U 18] % | V4 Supi) winias £61/5958D /6] | 1Yye|3-Uelepees
(1> %seé) (pauyioads asimaayzo
oney sppoO 40 jsiy ssajun dnoi$ jo ueipaw) 3, d
sisk|eue u1 104 pajsnipe si1030eq puaiL aAle|aYy pajsnipy 12A3) /3)e3uI 4 sued) jo . W | uoizejndod 303lqng adualaey




Update on trans fatty acids and health

(i£1-0£0) 9610 £7=50
(vL1-v9°0) 98°0 8=+ 0 vsn

"|0431$3]0Y> pUe 18y Jo sadA1 Jayio (ST1-v20) 960 SlI=£0O
‘afejul uloud ‘A31aua ‘snyels jesnedousu (Z11-1£0) T6'0 =70 6661-166L | (Il SHN) 100>
‘saA13dadeIU0D Jelo ‘Bujows ‘9seasip g¢0=d 001 60=10 SIUDAD Y|/ 2n122ds0id
1sea1q udiuaq 4o KI0IsIY ‘z1adueDd )sea.q oy V4 supi) 810 | D44 Aq passasse Jesnedouswiaid (c007)
$101DBJ Sl ‘5101284 SUIPUNOJUOD piepuelS V4 supi) wouy A31aus Jo % | 4 supiy Kieyaiq ‘USWIOM G59 06 [ZEEXp}

(1z1-590) 68°0 €7=50

(L€1-vL0) 1Ol S1=40

(8€'1-5£°0) OL'L IL=¢0

(60'1-650) 080 80=170

160=d 001 70 =10

siawosi suedy |:g| 412430

(z81-86°0) v€'L 7L=50

(sg'1-00') 9€'L 60=¥0

(¢9'1-£8°0) 6L'L £0=¢0
(65'1-48°0) 9L'L 50=20 spuepaLIN
9000=d 001 €0=10 L

L-u‘L:gL suedy
(081-€6'0) O£ 9¢=50 A\Mﬂmmwmwmw

‘aejul ey paysnipe-A81aus pue (v9'1-88°0) OT'L 87 =0
Bupowss ‘uoizeanpa ‘NG ‘asn aAdadesuod (6¥1-08°0) 60'L YT =€0 1043103-3583
. S . . 661-9861 paisau
Jelo ‘3seas|p 1seaiq udiuaq Jo Aioisiy (¢c1-220) 86°0 1'7=20 snvadsoly

‘asnedousauwl Je a3e ‘z4a0uUed 1583Iq JOJ 100=d 001 S1=10 | plodaiialp pue S|043u0d :

510128} 5L 4S10128) BUIPUNOJUOD pJepuelS V4 supij je3o) | D44 Aq passasse paseq-uone)ndod (zo07)
V4 supiy jo axeiul kep /3 | 4 subiy Arezaiq 8651,/5958d |16 | 0 32 sdiioop

(1> %seé) (pauyioads asimiayzo

oney sppo 40 sy ssajun dnoi$ jo ueipaw) 3, d

siskjeue ui 104 pajsnipe si03oey puaip aAn3e)3Yy passnipy 19A3) /3ye3Ul V4 sued) jo . W | uonzeindod 323lqng ELITEYEYEN]




Update on trans fatty acids and health

‘axelul Jo ajuInb /3]

®

enb /3)1142) 159MO) pue 15aySIY aY) UdaM1q 9DUIBHIP JO |9A3] dU1 03 42421 sanjea pualy d By '3)qe) Y1 UIYIIM UMOUS US3q 2ARY |9POW 3] Ul J04 palsnipe

249M 1ey) 51012y d1J12ads ay) ‘pariodal Sem ysi1 Pa1LIDOSSe Ue Ul 92U 1P JUBDIJIUSIS B USUYAA 'S10308) SUIPUNOJUOD 10 Palsnipe A|)nj Uaaq aABY UDIYM 3SOY) D16 PaIeIs WY aYL |

'35e3sIp 15e21q USIUaq
pue |yH ‘asnedouswi Je a8e ‘sieak g| a3e 1e

(SL1-10') 80°L

aejul _mmsmn_OCwEmLa aA13Dads0.11a1 \E paiiens
(80°1-16'0) 66'0 Uawom Jesnedouawisod ||y

0007-086L

vsn

(SHN) Hoyod
aA102dsold

Xapul ssew Apoq ‘sieak g| a8e aduis adueyd papodal 1V SUDJ] |e10) WOl A319UD JO %| JO 9SBRIDUI JOJ WY SJUAD /£S'C

1ySiam‘poniad iy ‘Uadued Iseaiq oy 10N USAIS 10U 1I0YOD 10§ Y4 subi) Jo axelu] | D44 Aq passasse Jesnedouauwiysod (9002)
510108) 35 ,510108) BUIPUNOJUOD pJepuels V4 supiy wouy A8iaua % | 4 supiy K1eyaiq ‘UsWIOM G/€°08 10 12 Wiy

(LL1-450) 0T V0 < €L

(€8'5-010) 7’1 l7'0-¢€0 Tl

zco=d 00l €0 1L

L-u‘L:gL suedy

Jesnedouauwiisod

(69°Tr-9%'1) 062 70 < €L

(879-15°0) 781l l7'0-ce0 Tl

6v'0=d 001l €0 1L

1:gL sueal

Jesnedousauwiisod

(v00L-5€1) 69°€ 170« €L

(07-99'0) $9'1 Y0260 7L
Lr0=d 00l o L puejuly
L-u‘L:gL sueay (Koning
‘paisnipeun aiam aJay pajuasald uonejndod ajoypn oneUILEXy

s}nsai oy ‘papiodal a1om 1a11e| 3y} . . .
s)nsaJ pajsnipeun pue pajsnfpe usamiaq ANm. m.m@. 0 Ew_ . mft €L HHESH 21D
5UBJB4Ip JUESIUSIS OU J1 {UOREINPS pUE o (977-9¢0) 16 0 strseozL 3]Iq0N) |o13u0d
351249%3 dwWl}-a4nsia) ‘Aied ‘saidueusaid 8Lo= 001 580> LL Le6L-eZ6l ~9SED patsau
L:gL sueay 2A1392ds0.d
JO J3QUINU |0J21S3]0YD WINJas ‘Suijows $)0JIU0D

‘,$10128) UIPUNOJUOD pJepue)S J0) PaSNIpY uonendod ajoypn paseq-uolejndod (c007)
WINJISS Ul /4 |BI0Y JO /4 SUDAL % | 4 SupAL Wnias ThT/s9seD /71| |p 12 usuessy

(1> %sé) (pauyioads asimaayzo

oney sppoO 40 jsiy ssajun dnoi$ jo ueipaw) 3, d

siskjeue ui 104 passnipe si03oey puaip aAnze)3Yy passnipy 13A3) /3)e3ul V4 sued) jooa. W | uonzejndod 333lqng ELITEYEYEN]




Update on trans fatty acids and health

aseyd puodas ApnIS YieaH s3SINN ‘Il SHN APNIS Y3esH SasinN
‘SHN :AdeJayy Juawade)das sauowioy ‘| yH "Ayed Uadued 1sealq Jo Aioisiy Ajwey 1ydiay ‘yuiq 1siiy ye a8e ‘aydieuaw e a8e ‘Apnis JO awi) Je d3e 11adued 15ea1q 04 SI0IDB JSPY ¢

‘uondwnsuod joyod)e pue axelul A81aUa 1510108} SUIPUNOJUOD piepuels ,

eulyd
B |o43u0d
"3SN DIASP dULIRINRIAUI (96z-z11) 81 0L+ D 3585 paysau
JO uoljelnp pue uoiluoqe padnpul isej aduls (hr'z-v60) 751 1013 01€60> €O 000¢-5661 annpadsold

awi ‘3uIpaa4iseaiq 4O uoeINp (Yiq Isily Je (9£1-89°0) 601 €60:03580> 70 S|oA1u0d :
pue Apnis Jo 3wy Je) 338 ‘M3IAIRIUI JO JBDA 2000=d 001 S80510 V4 supiy | paseq-uopejndod (£007)
SueIqUIBW Ul /-U ‘i8] SUDA] % a1ho0uykig /95/595€d 7gg | | 12 uouueys

(1> %seé) (pauy1oads asimaayzo
oney sppo 40 iy ssajun dnoi$ jo ueipaw) 3, d

siskjeue ui1 10§ pajsnipe si03oey puaip aAn3e)3Yy passnipy 19A3) /3ye3Ul V4 sues) jo . W | uonzeindod 323lqng ELITEYEYEN]

®



Update on trans fatty acids and health

‘ejut Jo ajnuinb,/a)1uenb,/3)1191 159MO| pue 159481y BY) USIMISG 9DUIBHIP JO |9A3] Y1 O} 12Ja1 sanjeA pualy d ay| '9)qel Y3 UIYIM UMOYS U93q dABY |apOW 33 U 1oy paisnipe
219m ey} 51012y d1J1dads ay) ‘pariodas Sem ysi Pa1eIDOSSe Ue Ul 9DUIa44Ip JUBDIIUSIS B USUYAA 'S10108) SUIPUNOJUOD 104 Palsnipe A))nj Uaaq aABY UDIYM 3SOY) D1e PaIRIS Wy dYL

(Ce-780) 91 9¢<  dnoi
*SQIVSN 4O @sn pue uondwnsuod (52-60) 51 9>- ¢ dnoio vsn
9)qe1a8aA ‘uondwinsuod 1eawl pal ‘NG ('1-120) O $»>-7 7 dnoioy
R . |o13uoD-358D
xas ‘a8 7510104 SUIPUNOJUOD |BUCHIPPY payuodal JoN 001 7> 1 dnoio
V4 supJy 1830 D44 Aq passasse olewsay g e (6661)
iUl v supiy Kep /8 V4 supi) Aieaiq | $|0J3u0d |GG ,/S95eD 9IG | D 12 ASAIRMON
$31pN3s |043U03-35€D)
v 18303 3001/3 861 e Sund |oeis|
(3s197) 243ua2 153ySIH z661-1661 su|CuIes v pue ado.n3
(86:0-7£°0) v4 18303 3001/8 €1'0 /861-7861 e3P J3dURD I
spoyiaw €6'0 = 41UBID1Y4200 | (EPEUBID) 313U 1SAMOT [2120)
oewsay g e
Kioyeioqe) pue 213uad Apnis ‘xas 98y v/N UOI}B|2.110D UOSIedd anssiy asodipe v supij (£661)
Ul V4 |e10} JO V4 SUDi} % anssi asodipy S3143UN0D Q| |D 12 1xpjeg
saipn3s uoiyejndod
(1> %s6)
oley SppPO 40 sty ainsodxa
sisk|eue u1 104 pajsnipe si030eq puaiy aA13e)ay paisnipy 12A3) /) R3ul V4 sued) jo a. W uonyejndod 322[qng ERITEYEYENY]

13dued |832310)0d YHM Y4 SupJ} JO uoljeldosse ay3 SuiredisaAul salpnis uewnH 'yol d)qel




Update on trans fatty acids and health

‘POPN|OUI JOU 3I9M PUE ‘S|0JIUOD pue
S3SED U29MI] JUBIa44Ip AjJuediyiusis Jou
2J3M S3YEIUI T PUE D UILIBIA ‘D1G1 ‘[ YH

(611-850) €8°0
(¢6:0-¥¥°0) ¥9°0
(l€1-v9°0) T6'0

09l ¥O
09'1-080 = €O
6£0-7€0 =70

€0 1O

oeway g e

$]0J3U0d

epeued)

1043u0d-3s8D)

‘A81aua 1301 "ANANDE |R2ISAYd pue ‘snyels 6050=d 001 V4 SuDi} R3O D44 Aq passasse paseg-uolzejndod (c007)
|ealeW ‘5101084 SUIPUNOJUOD piepUR)S V4 supJ) woly A81aus Jo % V4 supiy £ie3aiq 899,/535€d 70 | D 12 320[puoyN

(ST 91 14H 0u SO

(€1-90) 80 LdH ou 1D

90°0= (S1-90) 60 1dH + SO

uonoelaul Joy d 00:L 14H + 1O

1YH pue UsWwopp

(oz-1) st 667 <= SO

(9160 1 66T-¥r'T= YO

(s1-80) L1 €7'7-20'= €O

(€1-20) 001 L0T-¥S'1= 7O

v0'0=d 00l €515 =10

USWOAA - V4 SUDJ] 1810 |

(L1-60) T'L PEEe= GO

(s1-60) L1 YEEYLT= vO

(£1-56°0) €1 €LT-97C= €O

wniojed AIeyalp pue ‘axelul
A215U3 ‘35N QIVEN J0,/pue upidse Ayande U - V4 SUDJ] |e10 | o)ewsay g 3 |0J1u0D-358D)
|e21sAyd ‘az1s Apoq ‘sisoudelp je a8y el A8iaus 044 Aq passasse 5]0J3U0D (1o07)
1623 000L/ 8 V4 supbiy V4 supiy Kieyaiq OLPZ/595ed €661 JZEERSCIIIN
(1> %s6)
oney sppo 40 isiy ainsodxa

sisAjeue u1 1oy pajsnipe sio03oey puaip aAye)ay passnipy 12A3) /3 e3ul V4 sues] jo o, W uonyejndod 323(qng EEITEIETEN




Update on trans fatty acids and health

(vL1-601) 8€'L YTE YO
(esr1-s11) si'L €TEELT=€0O
(og1-z1l) Tt UL =170
V4 pue A313u3 oy Juawisnipe IOy 7200=d 001 177> 10
(SL1-£6'0) OE'L [Za387e}
(181-201) 651 €TE-€LT=€0
(81-80°1) 651 T =70
'S1012€y ||e 4o pajsnipe Ajn4 I570=d 00'L 127> 10
VANW subij
(55'1-580) SL'L Kep /8 yTy < YO
. :@,,_.mo,e €L ECrSSE= €O T pueposs
V4 |r101 pue a3elul 69'1-v0'1) TEL ¥S€-68C = TO |041u0>-358D)
211 ‘QIVSN 4O 35N 75103084 BUIPUNOJUOD 8p50=d 001 Kep /388> 1O $|013U0>
JeuoiIppe ‘s1012e) 8UIPUNOJUOD pJepuelS V4 supij |e1o| 44 Aq passasse paseq-uone)ndod (£007) P
el 4 suvsy Aep /3 V4 supiy Kreyaiq SSpl/S358D G| | 32 NojeIopOaY L
(1> %s6)
oney sppo 40 DSy ainsodxa
siskeue u1 104 pajsnipe si1030e4 puail aA13e)aY paisnipy 19A3) /) e3ul 4 sued] joa. W uonejndod 333[qng ERITEYETEN]




Apnis YijeaH $asINN ‘SHN S8nJp Aiojewiule)jul 1ue |eploJals uou ‘qglySN ‘Adesayy Juswade(dal suouwioy ‘| ¥H
a3ejul joyod)e ‘ayejul ASiaua ‘AuAnoe jedisAyd ‘Supows :si010e) SUIPUNOJUOD |BUOIIPPY ¢
190UeD 83021010 JO AI0ISIY Ajiuiey NG ‘D8e 1030} SUIPUNOJUOD pIepUR)S ,

Update on trans fatty acids and health

600=d (L9T-v60) 851 600 = 5O €00 = 1O
7.8l supd|
‘sisk|eue 80°0=d (85T -260) 611 £1=50'50 =10
J3WOS! 10} SpeW 219M |0J42153]0YD pue 1.} 6-U ‘:8 SuDi|
0 sadA} Jayio Joy yuawisnipe jeuoiy
m 4 g pel pPY (0£7-v60) 651 61=50 ysn
LY pue (o¥'1-550) 980 yl=v0
sdAjod |e12210)0> Jo Aio3siy ‘quswiuisse (69'1-22°0) 80'L Il=¢O A\Gjmuwwﬁ_wwﬁ
JUSUIIE3I) WOPURI ‘$10)08) BUIPUNOJUOD (v+'1-650) 760 60=10 €00Z-€661 ‘ tor_R,u
JeuonIppe ‘510384 UIPUNOJUOD pJepUB)S gro=d 001 90=10 SUsms 207 oAnoadsolg
V4 supJ 1e1o| 044 Aq passasse
V4 supJ) wouy A8iaud Jo % V4 supiy Lie3aiq uswom /¢S /¢ | (£007) Jp 12 Ui
saipnys aAl3dadsoid
(1> %s6)
onyey sppo 40 Djsiy ainsodxa
siskjeue ul1 10§ pajsnipe si03oey puaiy aAle)aY pajsnipy 12A3]/je3Ul V4 sues] joo. W uonejndod 333(qng ELITEYEYEN]




Update on trans fatty acids and health

‘axelul Jo aj1auInb /a)enb /3)11a) 159MO) pue 15aySIY 3y} UsaM1G 9DUIBHIP JO |9A3) BU1 O3 42431 sanjea puall d ay| '3)qe) Y1 UIYIIM UMOUS US3q dARY |9POW 3} Ul Joj palsnipe
249M ey} 51012y d1J12ads ay) ‘pariodal Sem ysi Pa1eIDOSSe Ue Ul 92U 1P 1UBDIJIUSIS B USUAA 10308} SUIPUNOJUOD 10) PalsnIpe A))nj Uaaq aABY UDIYM 3SOY) D1k PaIeIs Wy 9yl

v4 12303 8001/8 861 g agrieet
ljdwes v
(3s197) 213ua2 159Y8IH [ELIH]
- ue adoun
o v4 2301 800L/8 €10 £861-(86L p 3
(s8'0-51'0-) (e elep Jadued)
) peURID) 341USD 1SIMOT] |e21801023
spoylaw 05°0 = (4) a1d1y4902
Kio A xas ‘a8 Sewa4 g ey
1eJ0QR| PUE 341U3D APN1s X35 98y v/N UOI1e)2110D UOSIead anssi V4 supij (£661)
asodipe Ul 4 |10} JO Y subiy % | anssiy asodipy $3113UN0d Q| |p 12 Jaxeg
saipnys uonyejndod
(1> %s6)
oney sppo aunsod: uonejndod
siskjeue u1 10§ pajsnipe si03doey puaiL 10 jsiy 3A13e)2Y pasnipy 12A3) /3 R3ul 4 sued] | jo aunseapy 33lqng adua1a59y

Jadued ajeysoud Yim y4 sup.j Jo uoljeldosse ayl SuiyediasaAul saipnis uewnH ‘y|| d)qel




Update on trans fatty acids and health

(86T-¥50) LT 95T
(T-v0) 9610 9,510
(vz1-87°0) 650 0775
850=d 001 &1
adA3oual yy
(8001-677) 08% 915 <
(86'5-v9) €€ 9510
(0£5-29'1) €6C 107-75T
1000°0= d 001 <1
adAjouas Oy 10 DO
(6£7-091) £LT 9T
(el'e-0z'1) S61 95107
(87'z-00) 851 107-75C
£0000=d 001 s
sueiseone)
(8£1-010) €70 651 <
(66'0-£0°0) LTO 651-8LY
"2dA10ua8 10y parsnipe osje a1am (6'1-61'0) ¥S0 8/7-€8'C vsn
sasA|eue awoS "yejul A81aud |e10) lzo=d 001 €8T 044 Aq $]043U0D
B : |0J1u02-358D)
pue uoINYIISUl |BDIpaW ‘ddel 93y uedlIdWY uedLyY passasse 74 | paseq-uoljejndod
/4 SupJ) |BIO| eIl 4 supi) Aep /3 | supi) Aieyaiq 7loL/3se2 1oL | (£007) jp 12 N
$3lpnjs |oJ3u0d-ase)
(1> %s6)
oney sppo ainsod. uone|ndod
m_uh_m—-ﬂ ul ioy VWumS_VN Ssd03oe4 puaip 40 sy aAle)dy 10um=.—v< 19A3) /3)e3ul 4 sued] JO ainseay uuw_nﬂw AUy




Update on trans fatty acids and health

(21 8L ‘o1
1'8L ‘83 L'SL £} L'9L ‘63 1:91) JoWOs| supiy
Jay10 Aue Joj 103443 Juediyiudis oN

(8Tz-£80) 651 8€0 < YO

(L1T-980) L£1 86-870 = €O

(L91-19°0) SO'L [T0-170 =70

oro=d ol 20 <10
6-U ‘L:g| sued] vsn
‘asn joyodje (LrT-€01) 691 550 < $O (L39v")
IWg ‘Apnas Suunp a8e ‘sniels Supjowss (L6'1-€L0) ot $50-€70 = €O Jonuos 50>
auljaseq ‘ANdIUY3R ‘UOIRZILIOPURI (P81-1£°0) #LL '0-1€0 = 7O poysau
40 4eak ‘dnoug a8e Juswi)joiua $0'0=d ol 1€0 < 1O sadadsolg

“J9JUSD JUSLL)|OJUS QUBW)|0IUD - ‘L8] sued) V4 supi} $]043U0D ’

Jo pouad ‘ainsodxa so1saqsy pidijoydoyd | pidijoydsoyd | paseq-uoire)ndod (s007)
WiNJas Ul /4 8301 JO Vo SUpAL % wniag 9T¥,/59582 7/T |p 32 8ury
spuejIayIaN
Yyl

VAR 0]
(or'1-0£0) 660 Le=v0 ﬂﬂﬂm_wmwa@
xeul ey pajsnipe (S5'1-08°0) Tl'L 7€=¢0 110y0>
-A81aua |e10) pue ‘ajejul A8iaud |e)0) (59°1-98°0) 0T'L 97=70 snpadsoly

‘SN1e1s DIWOUOI301D0S ‘ewouldied (¢s1-06°0) ST %6110 044 4q 661-9861 .
a1e3soud Jo Aiosiy Ajiwey 98y 7,0=d 001 V4 supiy passasse 4 SJUAD 7H9 (6661) P
110 V4 supi) wouy A31aua Jo % | supiy Kieaiq UsWw 6/7 85| 12 uewnnyds
saipn3s aA13dadsold
(1> %s6)
oney sppo aansod uone|ndod

siskjeue ui1 10§ pajsnipe si03oey puaiL 10 DisIy dA13e)3y pajsnipy 19A3)/3)e3ul 4 sued] | jo aunseapy 13[qng ELITEYEYEN]




Update on trans fatty acids and health

23BIUI 9]qRI83A pUE 1IN ‘dfRIUl

Joyooje ‘uyoud Aieyaip ‘sadAy yey Jay1o jo
elur ‘yBiay ‘Bujows ‘uoidal diydei8oas
‘dn-moj|oy4 Jo y18ua) ‘A31aua |10} B8y

sro=d

€00=d

100=d

(Tr-80) vl
Al
€l
vl
ol

ez 61
gl
gl
Al
ol

(9v—€1) ¥'T

vl

gl

€l

(PO-1O 404 uanI8 30U D) 0L

€1=50

I'l=+v0

60=¢€0
£0=170
S0=10

V4 sues3 jewiuy

€7=50

9L=%0

71=¢0

60=70

S0=10

V4 sue3 3)qe3aSap

7e=50

9T=v0

TT=¢0

81=10

€1=10

V4 sues3 jejop
V4 supij

wouy A312ud Jo %

044
Aq passasse 4
supJ) K1eyaiq

¥661-086L

SIUSAD 66|

USwoMm QL 88

vsn

(SHN) Hoyo>
aA13>adsouy

(6661)
|0 12 8ueyz

ewoydwAq

supj3poH-uoN

siskjeue ul1 10y pajsnipe si03dey

puaiL

(1> %s6)
oney sppo
40 Djsty aA13€)3Y parsnipy

12A3)/3)R3ul V4 sued]

ainsodxa

joa. W

EENEYEYENY]

J3dued jo sadA} 1Yo Yim y4 suedy Jo uoljeldosse ay3 SuizeSiisaAul salpnis uewnH 'yl jqel




Update on trans fatty acids and health

‘axelul Jo aj1auInb /a)1enb /a)11a) 159MO) pue 15aySIY a3 UdaM1G 9DUIBHIP JO |9A3) BU1 O3 42421 sanjea puall d By '3)qe) U1 UIYIIM UMOUS US3q dARY |9POW 3} Ul J04 palsnipe
34aM 1ey) $10108) D1J123ds Y1 ‘Patiodai Sem sl PIIRIDOSS. Ue Ul 9U42JJIp JUBDLIUSIS B USYAA "S10108) SUIPUNOJUOD 10) Pa1sn(pe A)jnj Ua3q aABY UDIYm 350Y) 218 Palels Yy YL |

Apmis ajeaH 35NN ‘SHN

£'5=50

(€71-85°0) L6'0 9% = O vsn
, ‘ E Ly 0) o 6¢=€0 (SHIN) HoyoD
feul peo) 2IwadA|3 pue ‘snieys Jesnedousus (05'1-v9°0) 860 £e=70 B66L-086L | -\ odony

‘Auanoe JedisAyd qydiay ‘oxeiul dLojed (05'1-29°0) L6'0 ST=10 44 U '
‘snyijjaw sa1aqelp Jo A1olsiy ‘NG ‘Sunows pp0=d 001 V4 supiyjelo] | Aq passasse v 8Ll (c007)
elul v supiy Kep /8 supJy K1eya1q USWoM 708 88 | |p 12 pneydi
12dued d13eAIdURY
vsn
Hoyod
‘Bupjowss (ty1-zeo) €0l 9661-0861 Amw.ﬁw&wﬁ J

pue ‘uoned|| jeqny ‘1yH ‘snieis Jesnedouaw (¢5'1-92°0) 801 44 Suans '
‘uolyenp pue asn aAlxdadesjuod |elo ‘Ayed (ot'l-22°0) €O'L ‘UaAI axejul | Aq passasse 4 6vv (zo0?)
‘(ayoseusw ye pue Apnis jo awiy 1e) 8y /80=d 00| V4 supi} 1o} sanjeA oN supiy K1eyalq USWOM 857 08 | |p 12 auouag
13dued ueleAQ

(1> %s6)
oney sppo ainsodxa

sisk|eue u1 104 pajsnipe si03oey puail | Jo pisiy 2A13e}Y passnipy | |2A3)/dje3ul v sues) joo. W | uoiejndod 333iqng EEITEYETEYY]




Update on trans fatty acids and health

"ae1ul Jo 3)nuinb /aj1enb /3111431 159MO) pue 153YSIY B4 U939MISq 3DUILJIP JO 19A3] 3Y) O} J3Jal sanje pualy d ay] '3)qel 3yl UIYIM UMOYS U3q aARY |apOW 3y) Ul Joj paisnipe

2JaM 1ey) s1030e) D1J153ds ay) ‘pariodal sem sl PRJeIDOSSe Ue Ul 92UJaJ4Ip JUBDLIUSIS B USYAA "SI103De) SUIPUNOJUOD J0J palsnipe A|jnj Uaaq aAeY UDIYm 3SOY) aJe Pale)s Yy Yl |

axelul aLiojed |e10) pue a8y

pauodal JoN

(€6=14)

161°0 30 (¢) 321214200 & Yum
s1eak g JaA0 INg Ul s93ueyd o)
paje)al SeM Y4 SupJ) JO elu]

‘pauodal J0u 1oyod
104 /4 supJ) Jo elu|
V4 supJ) wouy A8iaua %

044 Aq passasse
V4 supJj Aieyaiq

¥861-9/61
USWOM Q6 L€

vsn

(SHN) 1oyod
aA1Dadsold

(0s61)
P 12 Z)p|0D

sdnoJ8 josuod pue
95BD 2Y] U29M19q 9DUIIIP

650 F %67 6 S|01U0D
600 F %V['8 S95€D

(@s = ueaw)
uonejndod ajoym jo anssiy
asodipe |esadsiA Ul 4 sued]

"U3AI3 10U s3j1senb
10§ /4 SUDJ] |B10) JO |aAST]

USWOM pue uaw
959qO-UouU pue
95990 A|pIqIon
(1e3)2 30U

|izeig

|013U0d>-ase)

‘pauiodal 10N su ou sem aJay | ‘paniodal JoN anssi) asodipe V4 supij Jaded) sjoiuod (s007) o
Ul /4 |e101 JO Yo SuDil % anssiy asodipy gl/sased ¢¢~ | 12 o10j0u0g
(1> %s6) (pa1oads asimiayzo
oney sppo | ssajun dnoal jo ueipawi) B} d \ndod
sisA|eue u1 1o pajsnipe si030eq puail 10 Djsiy dA13e)3Y paisnipy 19A3) /3)e3Ul V4 sued] Jo ainseapy 302lqng ERITEICYEN]

1y31am Apoq ul sadueyd Yum Y4 sueul Jo uoljeldosse ay3 SuirediasaAul saipnis jedidojolwapid]y 'yg| a)qel

®




Update on trans fatty acids and health

(181-68°0) b1 = €L
(021980 ITL = 7L
(9r1-1£0) 160 = LL
Aep,/80¢ 2 |oYod|Y
(€01-06'0) 960 = €1
(86'0-v8°0) 160 = 7L
(66°0-990) €60 = LL

35040Ns pue T vsn
ui210.d ‘21quy |e10) 1By PalRINIES YRy mr_n_vmb Aep/36-10 104031y
‘9¥eJUl B1IOJED |OYOD|B-UOU |BI0) ‘666] 10 {(suore|nNd)ed YO 104 19A9) ‘payiodal (SHN) tnA_EOu
uoleonpa Jesnods ydiay ‘a8ueyd ySiam 9DUaJaJ21 Se pasn joyodje Aep 10U $3)11491 [enplAlpul JO oMads04d
snolaaid ‘lydiam |eniul ‘aes ‘AyAnde | ol'o=uondelaiul | /80) axeiul |oyodle AQ paljiells | 140YOD JO xeIUI 4 Subi] | D44 Aq passasse 6661-1661 (007 |0 12
1e21sAyd Jo 1aA3) ‘Bupjows a112.e810 98y J04d 835 < ure 1ySiam Joj YO V4 supJ) woly A8iaus % V4 subiy Kieyaiq USWOM 7€ 61 | @9ylaweuuepp
s10121pa.d JuedlIusis Ul si0Ld
JUSWSINSeaW Joj Juawisnipe Jayuing
sadAigns 1ey . .
|]e pue ur)oid Jo saxelul v pue auljaseq looo> d WAL = ¥and Buie|day
10} paisnipe os)e siskjeue sa1elpAyoqied £000=d | 610 F wWdZS0 = Y4Nd Suioe)day
0 Juswade|day ‘1ey |eI0} JO SANEIUI V L ) vsn
wcw auraseq .w_c_v_oEw& ,\Au_\,_wum _M_u_@Ea ) 6L0 ¥ UDEs0
6103 ¥ pUe aU1jaseq ‘uonduwinsuos £1000=d = sajelpAyoqued Suide|day (S4dH) Hoyod
|oyoDe y pue duljaseq ‘saliojed |e10) 1y4 supi) 0} A81aud Jo %7 Jo %9'0GF 'L MOYOd 4oy an3ds04g
V Pue 2u1)aseq |\ g V pue auljaseq 224nos ay) Buidueyd Jo ynsai e V4 SuDJ} JO {ejul uealy 044 Aq passasse 9661-/86L (c007) | 12
‘92Ua42JWNDIID ISieM dUl|aseq 98y SB 9DUDJ2JWNDIID 1SIeM Y Jedk-6 V4 supJ) woly A8iaua % V4 supij Aieyaiq uswi /85 9| | alisueg-yoy
(1D %s6) (pauy1dads asimiayzo
oney sppO |  ssajun dnois jo ueipaw) 3, d uonyejndod
siskjeue u1 10§ pajsnipe si030e4 puaiy 10 )jS1Y dA13e)2Y paisnipy 19A3) /3 e3Ul V4 sued] Jo ainseay 323(qng ELITEYEYEN]




Update on trans fatty acids and health

JuediyIusis Jou ‘su ‘ul sadueyd ‘v {Apnis YijeaH SasINN ‘SHN ‘Apnis dn-mo)jo4 S|euoissajold YijeaH ‘S4dH

'sadA} 1ej JUDI2JIp JO SxeIul ‘Djelul
uizroud v ‘adyejul uayoud ‘Bunyis Juads

10000> d

1000°0> d

(98701 081) €€T +
UsWoM JYSIamIaA0

(paviodai jou D) 7z'L+
UaWOM JY31am |euioN

‘)& sup4) UlOl] sallojed

%G'0% /'l Moyod Jo)

vsn

(SHN) Hoyo>
aA13adsouy

awi) ‘snies upjows ‘snieis |esnedousw Jo a8ejuadiad u asealdul | e V4 SUDJ) JO Ul UBSWN | D44 Aq passasse 9661-7861 (£007)
‘9861 Ul |2A3] ANAIDE ‘986| Ul NG ‘98 104 (q)) 3y81am Apoq ur a8uey>d V4 supJ) wouy A8iaua ¥ V4 supij Kiexaiq Uswiom gI§ |y 0 12 p)al4
(99:0-80°0) €20
V4 SUDAL JO 13A9) G0 F 'L [syruow 7| 1e
UeIpaW dU) MOJ3q PaWNSUOD Ji [ 83G » paulelas oym asoy | vsn
(291- 601 €€ 90 F €1 :syuow 7 1e (eAIA

Supjows pue ‘Suipaajisealq
‘ured 1ySlam |euonyelsad ‘Ng Aoueudaid

V4 Sup4) Woly
A81aua u aseanul %60 Jod

Mv_m < paulelal oym asoy |

123(0.d) 1oyod
aA13adsoly

wnyedysod syjuow 9 1e €00T-6661
-a1d ‘Ayued ‘awodur pjoyasnoy ‘uoizesnpa :wnyred jsod syjuow 7| | 4 supiy Jo axejur uelpapy 044 Aq passasse wnyedisod (£007)
‘Aed ‘Audiuyis /ades ‘o8 jeulalepy pauodal JoN 18 83 2 Sulurelal 1o) Yo V4 supi) woly AB1aua % | 4 supiy A1eyalq ‘USWIOM 706 D 12 UDO
(1> %s6) (pauydads asimiayzo
oney sppO |  ssajun dnois jo ueipaw) 3, d uonyejndod
sisjeue u1 10§ pajsnipe si030e4 puaiL 10 Djsny 3A13R)3Y pajsnipy 19A3) /3 e3Ul V4 sued] Jo ainseay 323(qng ELITEYEYEN]




Update on trans fatty acids and health

®

500 > d ‘Wuaiapip Ajauediyiusis aue s1a113) 1d1DsIaANS JUBIBHIP YHUM SULN|OD UIYUM SUBSIN

“13IP V4 SUBJL 3Y} JO %7 PUB I3IP VAN 343 JO %0°L IBIP VANd 3O %60
dn apew yoiym ‘4ay1o, K10821ed ay) papndul sny3 pue (€8] ‘7:8L A7:81 W8l ‘1:8L "0:8L ‘0:91) SPIoe K11} 2113ads Jo uonduNny e se paliodas sem s3a1p ay1 Jo uonisodwiod pide A1jed,

paliodal Jou = YN ‘USisap aJenbs uieT Jo 1aA0-5501D ‘X ‘ssew Apoq ues) ‘NG

(uonoas sayaqelp 295) 91 pue Q| skep 1y81amiano
131P V4 Supi) uo BlwaUINSULISAAY SLF69L oL st oL SL|  L'8Lsupil | UO |eaw Isepieaiq isa) nq Ay1jesH (s007)
pUE 32UBISISAI UINSU} 23Ny WaT181/48/P 7L+ 09l 0 4l 014 St gLSID | ‘32Ip aunaseq skep 9| X T/0L| P12 21n4e]
S|eal Udamiaq
noysem Aep ¢ ‘Isey
Aouapiyge A31aus Jo Pads UN k) L8l V4 subiy 14SIuIaA0 J2)Je USAIS y1amiano
feiul A31aua winuqy pe ‘emadde 24! UN | 86r 9y V4ANW |eaw Isepieaiq 1sa3 nq Ay3eaH (co07)
Jeipueidisod ur sadueys oN pamsesw ioN | 90| Lzk| €oL| S9 «v4nd | ‘uopenys Suiny-aa.4 X 0/6L |p 32 3Un)4
yomiano
WSLFVIE ¢L| ov| s €L vdsupiL 5Wos 1nq
(uonoas sa1aqelp 235) .SLF097| 00| €9 TS| 8s VANW 131p /oM 1 AypjesH (zoo7)
WsI|Oqe3aw ulnsul ul sadueyd oN Kep/3q.SLF06C| 00 7’9 €6 el v4S X (V438 I CEERCICNe
WOLFOLT ajeus|oU
5q ¥'S F 861 a1e3)our] Apnis anoySnouyy
5 0€ ¥ 50T a1epie)3 sjeaw 8ulurewal oy
P 8EF6LL 2183]0 | 121P dUIjasEq YUM SAep
o LY F 0L -2ind Ajjesiwayd %g6< ‘pioe 21eJea)S -7 Ki9Aa |eaw 1531 ySam
0> 8T F 86L A11e4 pa)aqge)-Dg palydads a1e)w)ed | {eaw 133 1541 03 Joud Jewou ‘AyijeaH (0007)
V/N | 146,/70D¢!1 Yieaiq e’ = 9'0p ay1 Jo 1m Apoq 8,/8w oL ajeune 131p aurjaseq sAep £ X 0/%| |pie Auepg
J o W s
(3w (uawom yuaw)
£813ud Jeaw/K)iep jo %) Jeaw Apn3s uonyejndod
siajaweded J3y30 uonepixo pidr] uonisodwod pide A33e4 | /331p 3591 104 pousad aw] | udisag 302lqng ERITESETENY]

1ySiam Apoq ui sadueyd Yyim Y4 sueiy Jo uoljeidosse ayi Sui3eSi}saAul sjers} pajjoJiuod pasiwopuey ‘| d)qel




Update on trans fatty acids and health

(50°0> d) aseuaysuesy

1A2€ |0J21$3|0YD:UILID] WNISS JO AYIAIIDE

ay1 padnpaJ ayepie)ajour -ased) ujoidodi)

JO A1AIIDR 34} 9DNPaJ puUe Y74 pajeiniesun Jo
UOISI9AUODIDIUI 3 Jledw 01 paseadde v4 subij

(z13 61
7:81) 21epie|3|oul) o (61 [:8]) 1eIpie]s paljling

'v4 supi) paijund Joj painiisqns sem

18 3Y1 JO %G S13IP 1591 Y1 U |0 INUOD0D
pa1euadolpAy Jo o 1aMO)jjes wolj A]310s
aWed 1e) 3Y) ‘S191P |0IUOD dY U] 1e) %0L
8UlUIRIUOD 13Ip PIEPUELS P3) SHIIM {7

S1ed JUaIdap
pIoe 114 |B1IUaSS]

(££61) 1anud

saipn3s Jewiuy

(500> d) S42WOSI SI> Y3 UeY) SIBWOS!
sup4) 3y} Jo 9duasald ay) Ul Jaydiy sem uoliepixo
V4 "UOI1BPIXO 8502N)8 Ul S90U.344Ip ON

J-u
‘|:81 PUe 6-U ‘|:g| SUD4L/SI> ‘PIoR DI9)O PalIng

SJI9UIOSI
1:81 2y192ds 7,/joww 0°'Z-1'0 SulureIuod
elpaw Ul sAep ¢ 404 Pa3egnOUl $)19D

201w
21N3115U] UDJeasay
|edIpa |eABN
WwioJy $13|s! pa1e|os|

(rooz
‘o 32 dnas)y

109442 ou pey
SI2WOS! SUDJY 341 ING (SO'0> d) SUOIIBIIUSDUOD
2500n)8 Y31y e $)192 135! 9y Aq 950oN)8 Jo
uorepixo ayy passaiddns siawiosi 51> ay L

U
|:81 PUe 6-U ‘|:g] SUD4}/SI> ‘PIoe DI9)O Palling

S1aWos! [:g| d11dads 7,/jowwl
0'Z-1'0 8ulureluod eIPaW Ul JYSIuIaA0
pUE UIW Gy U92MIDQ JOJ Pateqnoul 5||9D

oW
2)N11ISU| UDIeasay
|B2IPIN |BABN
wioJj $19)s! pa3e|os|

(e661)
| 12 dniis)y

(500> d |e) siskjody)
4O 21eJ 3] 3UISEIDUl 3]IYM ‘OPIXOIP UOGIed

01 2500N)8 JO UONEPIXO 31 pue pidi) |32 01 Sujureluod (s661)
9502N|8 JO UOISISAUOD ) PadNPal 4 SUbJy dYL | /-U ‘i8] PUB 6-U ‘|:g| SUDJ) ‘PIDe D130 paljling BIPAW Ul SINOY 7 104 pa1eqnaul 513D sa1koodipe jey D 12 13WoID
0'8L %W 8
‘1:8L SI2 %IM 8°/T 1:8L SUDI} %IM 9'8L 331
(500 > d) vy 03 @3e3j0Ul) 4O Sone 0'8L %M 9 (1spow
Jay8iy pue (500 > d) 5)192 2y Ul pajejnwndde ‘L8L SI2 %IM 9P ‘|i8L SUDIY %IM ( :|O4IU0D ulNgje wnuas aulnoq 21£>0dipe) s)}22
spidi) Jejod-uou pue Jejod Jo $19A3] JaMO) pey V4 0} paxa)dwod v4 yum pajuswajddns 17-€.1€ Ise)qoiqy | (c661) euSndwes

V4 supJy Jo duasaid ay) Ul painyjnd s)jad

81D JO swwa) ul A|uo BuLaLIp V4 JO aINIXIN

eIpaW YIMoJ8 Ul painynd s)jad

SSNOW SSIMS

pue Iyes8iued

saipnss 1123

awodnQ _

Apn3s u1 pasn jey jo sadA _

uSisap Apmis _

1°POW _

EENEYEYENY]

1y3iam Apoq ui sadueyd yiim spide A13ey supJy Jo uolledosse ay) SuljeS1IsaAul S3IPNYS |ewiue pue |13 VS| d)qel




Update on trans fatty acids and health

(20°0= d) anssiy appsnw

ur uonye)K1oydsoyd 1y padnpal pue (5100= d)
eiweaul|nsutiadAy |eipueidisod pasnpul osjp
121p 4 supiy 3y (810°0 = d) AjaAndadsal ‘syaip
510 pUe sUDJL 3Y3 10§ 60°0 F 9E'L PUe $1'0 F /91
Sem OlJeJ SUWIN|OA e SNO3URINDGNS:|_UILIOPER
-eiul 3yl (6v0°0= d) S6'L F %8/ paured

191p V4 S12 343 U0 350yl WYd1am 07 F

9% 0T’/ Paules 131p 4 sUpJ} UO S|ewiuy

1'8L sUPA} %%'0T PUE SI2 %9'9C
PaUIRIUOD J3IP SUDJY 3YY B)IYM [:8] SI2 %'1S
paureuod 121p si2 Y3 Jey) 1dadxa ‘sajijoid
v+ Jejiwis papiaoid jeys sjio payeuaoipAy
-uou pue pajeuadolpAy-A)jened jo pus)g

V4 supi) wouy sem A31aus Kielalp

JO %8~ ‘||eIdAQ 'SIeak 9 104 /4 SUDJ} IO s1D
J2YMd YUM PaydLIUS pud)q 1y e se A8iaua
JO %G¢ SulUIRIUOD S1DIP adUBUSIUIRWI Pa4

skaxuow
U23.8 uedLyy djely

(c007)
|0 12 ySeueaey

(s00

> d y10q) sjaA9) OV | dleday pue WIS JaMO)
pue (£000°0= d) sped 1e} jewpipida s3)jews
Ajuediiudis pey 121p SI2 3Y1 UO S|eWIUY 131P V4S
aY3 Ul 159MO) aJam Inq ‘(A]aAdadsal ‘50'0> pue
su = d) 12Ip SI2 8y UeY) 4 SUDAL Ul ISMO) diaMm
uondiosqe jey juasedde pue uoneziin A8iaug

(V4 512 %M 79SS ‘V4S %IM 8EHL V4

SUDIY %M 00°0€) |10 dZIRW PasLIaWOS! ‘(4 10
%IM 608l VS %IM P LL V4 SUDIY %M [170L)
Jlo aziew pajeuadolpAy (V4 SI2 %M 01'S8
VA4S %IM Y6'EL V4 SUDII %M 99°0) |10 SZIR

V4S pue ‘s> ‘supi)

JO 5]9A3) Suik1ea paureuod jey) 1onpoid
PaALISP-]IO 9Zleul e sem wmup oyl wO %L1
'sKep Qg 404 1} %07 SuIUeluod S13Ip pa-

SYel JBISIAA

(€007)
D 12 21pUe|0D

"(50°0> d ya0q) az1s |192 asodipe pue solres pl
Jejod 01 |01224)3)Aoe11) JaMO) peY OS|D 121p SUDA)
ay3 uo sjewiue 3y (s0'0> d |je) 1e4 jeuaiuad
pue sped 1ej jewApipida jo 1ySiam ay se jjam
se 1y3iam Apoq |e101 Y1 PadNpai 13IP suUbJ} YL

191p
1591 3y} Ul || SUD4} 104 P2INIIISNS SeM JaIp

]0J3UOD BY1 Ul [:8] SI2 9Y3 JO %0S eyl 1dadxa
‘awes ay) Aja1ewixoidde asam 1eyl s1a1p oMy
2onpoud 01 Papua|q d4om Siey JO SAINIXIN

syuow
# 01 dn Joj 1§ 159] JO |OIIUOD %IM O
SUIUIBIUOD S1DIP Pay 2IaM Sjewiue 3y |

201w
(9/1948D 3eW

(veel) 0 12 ery

awo2nQ

Apn3s u1 pasn jey jo sadA)

usisap Apmys

12POW

AdUIRY




Update on trans fatty acids and health

"elul Jo ajnuinb /3)1enb /3111421 159MO) pue 153y31Y Y1 USaM1Sq DUISLIP JO |9A3) Y O1 J3Ja4 sanjea pual) d sy "3]ge) aY1 UIYIM UMOYS U33q 3ABY |9pOW 3y U} Joj paisnipe
2JoMm Jey) si012e) d1dads By ‘pariodal sem sl Pa1eIDOSSe U Ul 92UaJa441p JUedLIUSIS e UUYAA 'sI010e) SUIPUNOJUOD JO) pajsnipe A||nj Uaq SABY UDIUM SSOY) dJe PaJels Yy YL |

V4 supJ) woly A81aua Ul asea.dul
% © 104 (£9'1-61'1) 6€'L Y

s1ey (9s1-o11) L£'1 67=50
13410 JO axelul pue 0131530y AIelalp (vE1-26°0) PLL vT=¥0 vsn
- EEQM wouy A81aud Mo mern_._wuLmn_ ﬁm._ No, 1) w_._ 0 N H (o) (SHIN) Hoyo>
1oqelp JO Alosiy |ejualed ‘poliad awn (6T1-L6°0) T [1=70 aapadsoly
‘NG 510108} BUIPUNOJUOD piepuelS 700=d ol €1=10 ¥661-0861 '
V4 supip|eiol | D44 Aq passasse SIUSAS £0ST (1007)
V4 supiy woly A31aud % | 4 subip Aie3alq | uswom 407 8 | P 3o uossw)es
(£81-5£°0) 8L'L [¥3XNe}
snyels (€0z-80) LZ1 €6-57=v0
Supjows x Xas pue JUSWIL3I) S219qeIp (¢'2-56'0) 75’1 YZ-61=¢0
's213qeIp 4O UOHRINP NG ‘213u32 Apnis (851-v9°0) 00'L gl-€1=70
X35 ‘[$10128) BUIPUNOJUOD pJepuelS /c0=d 00l [4EINe] vsn
(1oyoo |e3oy 4oy
. (SHS) Apnas
UaAIS J0U $]9A3) 313uInb ‘Uswom 1|B231 4N0Y-HZ | Suelpuj ueduawly vorendog
1J0J3u0d 104 S|9A3)) — Y4 SUDJ} |BIO | £q passasse v oneqeiq :

21Wad4)8 Jood 10J Yo

V4 supi) woiy A31aua %

supJy K1eyaiq

(se1ew 0ozp) ¥8TL

(£007) |p 32 N

uondwnsuod 1ej Jey Apoq % 98y

uol3eID0SSe ON|

3)qeleA

Sem pue ‘Sjuswainseaws
Jljogeiawl pue axejul
V4 suel} 104 870

pue 70'0- Usamiaq

sem (1) Juaid1yja0d
UoI1e|all0d uosiead

Aep/890 % 09 USN
Kep,/3 9'0 F 9’y USWOAA

{as =
ueaw) el 4 supiy Areyaiq

Kep /vy supiy 8

pi0231 pooy
Kep ¢ Aq passasse
V4 supJy Kieyaiq

(sorew 61) 8¢

vsn

Apnis
|BUOI1D35-550.4D)

(l007)
|0 12 Aolano

siskjeue u1 10} pajsnipe si03dey

puaiL

(1> %s6)
oney sppo 40
ISty 2A13e)3Y pajsnipy

(pa1yads asimiayzo

ssajun dnoi3 jo ueipaw) ainsod 13e)ndod
19A3) /3)e3ul 4 sued] Jo ainseapy 302lqng

EENEYEYENY]

$913qeIp UMM Y4 Suel} Jo uoljeldosse ay3 Suilediasaaul

salpnis |edidojolwapidy 'y9| 3)qel




ApiS YieaH sasINN ‘SHN Apnis 1eaH Suoils ‘SHS

uondwnsuod Joyodje ‘Supjows 21394e815 ‘A1A1e |edisAyd ‘axeiul A81aus |e10) ‘a8e = si0)de) SUIPUNOJUOD plepuels ,

Update on trans fatty acids and health

(or1-+£0) 0610 07=50
(I1-5£:0) 160 SL=%0
(el-2L0) €60 €1=¢0
INg ‘@feiul wnjsauSeuws pue (SI'1-6£0) 560 01=70
21q14 |e2.432 404 JUsWISNIpe |eUCIPPY ¢co=d 001 /0=10
(es1-2071) 871 07=50
S912qeIp (es1-20) 8T SL=¥0 vsn
7 2dA3 jo Kiosiy Ajiwey ‘uoisuapiadAy (or'1-zo'1) Tzl €l=¢0 H0yod
‘elwa)oJalsajoydladAy ‘pouad awn ('1-86°0) 1L 01=20 aAadsolyd
‘,510)08) 8UIpPUNOJUOD pJepuelS 6000=d 001 L0=10 Y661-986L ’
V4 supiy ol | D44 Aq passasse SIUBAD |Z€L (z007)
V4 supiy woly A81aus % | v4 supiy Aieyaiq usw 0S 7y | P 1o weq uea
75=50
(w-s20) z60 SE=v0O ysn
013353]0Y> (90'1-€2°0) 88°0 87=¢0 1oyod
pue ‘3ey jo sadA} ‘@1quy eI pue (er1-6£0) v60 ¥7=70 aAadsoug
winisaudew AIe3aIp ‘[4H ‘@3 [elUSpIsal (61'1-98°0) LO'L 7T=10 £661-9861 '
‘Snje3s |elllew ‘Uolesnpa ‘g ‘oles diy ozo=d ol V4 supiyjelol | D44 Aq passasse SIUDAD 068L (1007)
-03-15lem *,51010.) SUIPUNOJUOD plepuels Kep /v/4 supiy 8 V4 supiy K1eyaig USWOM 886 G§ IZBEPEVEIN]
(1> %s6) (payy1oads asimaayzo
oney sppo 40 ssajun dnous jo ueipauwi) 3, d uone|ndod
siskjeue u1 10§ pajsnipe si03dey puail | jsiy 2A13e}RY pazsnipy 12A3) /je3ul vy sues] Jo ainseayy 13[qng ELITEYEYEN]




(A812u %07
papiaroid syey jejuawiiadxa)
T 6 818 8L suen 300L/8 97 Janng
1P UL %6 7818 1'gl suen 800L/819z | 8rew pus
3uLIeBIeWI YPS 3Y) UO 1SIMO] PUE JaIp 0l 6 781’8 '8l suen 800L/89°€L OSHd
wr__r_wtOr_m uo .«wmr_m_z sem »\At>_tmr_mm el'LL 16 7818 '8l suesy MOO—\MVQ Siew tOm FLM_®>>LW>O
uIINSUL JO 3UNSeaW e X3pul VINOH 2YL 9l 6 818 L'l suer 800,/89°0 8w s 121p inq AyeaH | (€007) 1P 12
“U1230.1d 3A19B3I-D Ul S3IUBIBHIP ON TW/N Tl TP/8WT6 781’8 '8l suet 300L/3970 | |10 ueaghos | /shep g¢ X 8L/8L [ uRIsUAN
(SNI) S121p V4 supi yum pasedwod
V4NW UO AJAINISUSS Ulnsul ul 1ySiamiano
uo1dPNPal %1 pey s393(qns JyBIEMmIaA0 474 LY €L ov| 8 €L V4 supiL awos inq
“UON3ID3S IO ANAINISUSS [4°74 6v| 00 €9| Tsl| 8s VANW 1P AypjeaH (zo07)
NSl Ul sa0uaJaip uedyiudis oN | /10wd 0z Joww gy | 00 v'9 g6 €l VeS|  /opPamy X ZL/sL | Jp 12 Kofarory
Xapul AJIAIISUSS
ulnsul Jo ssauaAdR4e 950oN|3 '8 0s IS 7s| su o'lL V4 supi| 1P AYyijesH (6661) IP
‘@suodsal ulnsul 23nJe Ul 32UBJ24IP ON /N 1/0WW oS | 00 8| 98L| 6oL VANW | /Soam ¢ X ¥1/0 | 12 e3uesayNOT]
(SN) 321p
V4S Uey1 131p V4NN SUDJL UO ISMO)
A3y3is pue (S0°0 > d) S32IP 43430 Ueyy oL 8| 00t 0§ 00 0S| V4ANW supig S2qelp
121P V4NW S U0 Jamo) a1am apiidad 66 8| 00 0s 0t 0S| vANWsD 11p pue 25390 (z661) p 12
- PUB UINSU WNJI3S JO S]aAST 1/10wd ¢l 1/10Ww 68 SsT| 0% ST| 00T VeS| /opPam9 X L/6| uasuensuyd
1 d ] s
Apnys (uawom /uaw)
(a>ye3ur A813ua Ajrep jo %) 104 pouad uonejndod
sadueyp jeipueidysod | unnsui uiysey | asoon)8 Suiysey uonisodwod pide A33e4 | aweu 3a1q awiy [ udisaq FEETLT T ERITEYETENY]

Update on trans fatty acids and health

$313qeIP UMM Y4 SubJ} JO uoljeldosse ay3 SuiresdiisaAul s|jeld) pajjoJiuod pasiwopuey /| ajqel




Update on trans fatty acids and health

S0°0 » d ‘Waiayip Ajuediyiusis aue s19113] 1d1DsIadNS JUBISLIP YIM SULLN|OD UIYUM SUBIA
|lo ueagAos palylialsaialul ‘| {10 ueaghos pajeuasolpAy Ajjered ‘OSHJ ‘Uajo wied “Od ‘@ulieSiew ‘Srew pinbij-iwas 15 uisap atenbs uie Jo J9A0-5501D ‘X QuedlIudis Jou ‘SN

131P 3| Y} YUM JOMO] 219M S|9AI)
apidad-3 's131p OSHd PUe 3| Ul 12mO)
Sem ulnsul Jyg jeipueidisod s3a1p 104 6L L9 0 0L 65 8L El 1y3lem |ewou
pue OSHd U2aM32q 92UaJa4Ip OU 131p qel'6 6'S e 8'q el L'6 OSHd elp pue AyijesH (£007)
3| uo paseasdur a50oN|8 |eipueldisod Ju,/NINeL 0L 7/ 10Wuey'g 0 9¢ 9€L yast 704 /SNOIM § X | syuediued og | jp 10 weipung
9L pue
0L skep
3]9]1e $SIYL 7daVd YHM sjenplaipul uo jesw
104 5S4 paseaudul 3)qissod apiidad-D 1sepjealq
Ul s35Ua43441Pp ON (SO0 > d) |eaw 4 s12 1591 191p 1yS1omiano
UBL |e3W Yo SUDA} 1934 J3YSBIY S|aA3) asuodsal a1noe oL Sl oL Sl 181 supi| aunaseq nq AyyjesH (s002)
|NSUI WNJSS "90UB)SISaI UINSUl 23NDY Suunseaw eaw 3)8uls — v /N 0 Sl oz sl 181 SID sKep 9| X 2 A ZEEEICIEY
1 d W S
Apnis (uawom yuaw)
(a>ye3ur A813ua Ajrep jo %) 10j pousad uonyejndod
sadueyp jeipueidysod | unnsui Buiysey | asoon)8 Suiysey uonisodwod pide A33e4 | aweu 3a1q awi) | udisag 322[qng ERITEYEYEN]




Update on trans fatty acids and health

(50°0> d yroq) Aupinyy
SUeIQUISW P3dNPaJ PUB UOII2JI3S UINSUl PSeaIdUl S1SIP Y4 Subdl 3y

V4 Jay10 jo a8uel e pue
V4 SUDJ) 18] %€~ 8ulureluod $1a1p
apiroid 01 papua|q aiam S)IO

S|I0 JaMO)JJes
pue 1redseuea ‘uidjowed
AnupunoJ Jo spuajq wouj e}
901 PaUIRIUOD 1Y) SIDIP UO
$}23M 7| 10} Pa} 219M S|eWIUY

'S1094J3 |RIIUSISJJIP OU PAMOYS SISWOS! [:g] 3y}
Nq (£0°0= d) 1:91 512 yum pasedwiod S| aseaidUl Ue Pasned [:9| Subi|

V4 L'8L pue 9L
JO SIBWOS! SUDA) PUB SID Paljling

SIBUIOS| /4 SNOLIBA

Jo aouasaid ayy ul pawloyiad
sem uoisnyiad dijeaiouey
‘Apn1s o3 soud 1e} %t
SulUIeIUOD 13IP MOUD pJepuRlS
UO paurelUlew sjewuy

(so07)

syed NIN/JeISIM | Jp 1o wiyelq)
(z661)

syel Ao)meg-ange.ds JZEERVIEMS

saipn3s Jewiuy

(50°0> d) 6-U ‘i8] SUpL4} pUe T /joWW 0 01 €0 AQ PaleNWIS SeM
INQ ‘pIoe D13)0 AQ 4O /-U ‘|8 SUPJ} 1O SID 12yl AQ Paiale JOU Sem SISO

6-U ‘I8l pue £-U ‘|'gL
supJ) pue S0 ‘pIde I3]0 PaLINg

siawWos! [:g] d1y12ads 7,/ jowu
0°Z-1'0 8uiurejuod eipaw ul
sAep ¢ 104 pajeqnoul s)jad

2INISU| Yoseasay

wolj s13)s! Pa1e|os|

201w

[ESIP3IA [eABN (vo07)

|0 12 dniys)y

(S0°0> d) s1awos| sup4) 10U INq s> Jo dUasaId Y} Ul padNpal
SEM SUOIBIIUOUOD 3502N|8 YSIY Je UolepIxo 9500N)9 (500> d) siawios!
12 341 UBY) SISO JO S31eJ JaYSIY PaMOYs V4 supd) 0) pasodxa s)jad

‘6-U‘l'gL pue /-U ‘gL
SUDJ} pUB 512 ‘pIde DIS|0 PaLINg

SIWOS! |:g| 21J1dads

7/10WwW O°Z-1'0 Bulureuod
eIpaW Ul 1YSIUISAO PUB UIW Gfy
U33M13q 10} Pa1egndul 51130

91N1ISU| YD.Ieasay

wolj s33)s! Pa1e|os|

201w

[e2IPI |RARN (6661)

| 12 dniis)y

(500> d) apixoip uogues pue (100>

d) pidi) 1122 03 8502N)8 Jo UOISIaAUOD By passaiddns 4 supiy ay) yiog

6-U ‘|| subi}
‘/-U ‘[:g| sup.J] ‘pIde I3]0 paljling

8ujurejuod eipaw
ul sinoy 7 1o} pajegndul s)jaD

(s661)

saykoodipe ey |0 12 JaWolD

saipn3s 1123

3wod3nQ _

Apn3s u1 pasn jej jo sadA) _

uSisap Apmis _

12PoW _ EENEYEYENY]

$313qeIp YHM Y4 Suel} Jo uollerdosse ay) SuijediisaAul saipnis jewiue pue |13 'ygl d)qel




Update on trans fatty acids and health

UOI33403S UINSUl Pa1e)nuwils-as0on)8 ‘51so

(V4 512 %m
79SS VA4S %M 8E'PL V4 SUDAL %M
00°0€) |10 3ziew pasuawos! (v4 512
%IM 60°8L ‘V4S %IM bLL ‘4 suba
%M /17°01) |10 9ziew pajeuadolpAy

'V4S pue ‘s ‘supi)
JO 5]3A3) SuIfieA pauleIUOD ey}
1onpoud paaLap-|io aziew e

UMOP INq UIISISaJ JO UoIssaidxa YNYW oy} pajejndaidn v subif

mﬂ_>0ga 0O} papua|q atam s|IO

SYIUOW! ¢ IO4 paj 2JaM sjewliuy

S84 NIN/4eISIAA

SI9IP Y3 U9aMI3q PaAIRSGO 3Jam | (V4 SI2 %IM OF'S8 ‘V4S %M Y6'EL | SBM 3By 3U3 4O %/| "sKep Og 104 (9007)

A1AID€ BWAZUS JO WISI|OgeIaW 3S0DN|S Ul S3DUIRIP JUeDIIUSIS ON V4 SUDIL %M 99°0) |10 SZIeN 18} %07 SuIureluod S13Ip pa4 SEIPEINYVY |D 12 |eulag
S]10 JaMO)4es
pue redseuea ‘uidjowed
V4 42310 Jo d8ues e pue | ‘INUPUNOIS JO SPUS|Q WOJ Je)

"(pa1iodau jou sanjea d) 747 pue 3yydd paiejndas V4 SubJj 18] %~ 8ululeIUOD S1a1p %01 Pauleluod eyl S13Ip U0 (s007)

|0 12 ueleseN

awonno

Apn3s ul pasn jey jo sadAy

usisap Apn3s

1°POW

AdUIRY




Update on trans fatty acids and health

pauiodal 51010} SuIpUNOJUOD 10 JUaWISNIpe ON

18U3) 4O JYSIam YuIq YlM UOIe|2110D OU (£0°0 F %651) V4IN
1433U3] 10 JYBISM YLIG YUM UONRISLIOD OU (600 F %L 1) OVL
413u3) Jo 1y3Iam YHIQ YHM UOIIRIS1I0D OU (200 F %/F7) 3D
418ua) Jo 1y31om Y1Iq YlM UOIR|21I0D OU (00 F %61°0) 1d

:S101eD1PUI Y}]B3Y UM SUOIIR|91I0D PUe (AIS F UeaW) V4 SUDA] JO |9AST]

418u3) yuiq pue 1yBiam yuig
V4 €301 4O V4 supiy %

S|9A3) V4 SUDJ}

V43N PUB 9V1 3D Id
ewseld pJod |edljiquin

SUIOQMaU 7

(1007) Jp 12 1533

pauodal s1010e) BUIPUNOJUOD o) JuaWISN(pe ON

(sv0'0=d '87°0-= 1)

Oljel pIde dI3joul] /Y Pue (§10°0= d ‘€¢°0-= 4) VY (620°0 = d ‘0£'0-= 4)
V4Nd Ureys-8uo) 9-m |810) pue /4 SUDJ) [:8]D U99M13Q SUOIIRIDOSSE SA11E3aU
JuedlIudIs INq ‘pIde DIS)OUl] PUE /4 SUDJ) U93MIS] UOIIR)21I0D OU SeMm dJay |

SISAUIUASOIq 12y} JO SDUIPIAD

plo sieak g|-|

pue \4Nd ureya-8uoj Jo sjaAa HEVE]] uaJp|Iy> (s661) 0473310
Ol ¥ %8/ = 1d Ul ¥4 sup41 |e3oL V4 8303 JO V4 Subi1 % V4 supi} 1d euise|d Ayreay €5 pue psaq
payiodal 10308} BUIpUNOJUOD JOJ JUsWISNIpe ON
S0'0> d ‘87°0- = 4 1y319M UYLIq Yum Pa1e|aLIod (010 F %79'1) DV.L
50'0> d ‘0OF'0- = 4 3YBIaM YuIq Yum Pa1ejaLiod (/10  %56'l) 3D
100> d ‘77’0~ = 1 34312M YIq yum pale|a.iod (£0°0 F %80'L) T1d
:SUOI1B|21I0D pUB (N3S F UBSW) V4 SUDA] JO |aAT] Y18ua) yuiq pue 1y3iam yuig
'SIS9YIUASOIq V4Nd Uleyd-8uo) Joj sofel
2115qns /1onpoud ayy yum pue ([0°0> d Jje ‘40~ = OVL 17°0- = 3D ‘0¥ 0-= 1d
pue \74Nd Ureyd-8uo| 9-m 10} SIUID14430D UOIIR|31I0) Y4Nd Uleyd-3uo) 9-m S1S9UJUAsS0Iq 11y} JO 9DUIPIAS
puUe ¢-M YlIMm UOIIRIDOSSEe 9SI2AUI UB PIMOYS ING ‘SPIDE DIUS)OUl|-10 IO DI9joul] pue 4Nd ureyo-8uoj 4o sjaAa S|2A3) V4 Supi} sjuejul (z661)

4O suoI1eIIudUOD 0} |euoipiodold jou a1am spidi) ewseld ul 4 supJ} |eo |

V4 |e103 JO 4 suDiL %

V1 pue 3D “Id ewiseld

ainyewsaud 67

|p 12 0713|103

8u1aq-jjam jedisAyd

uonyejndod
awodno y3jeay jo siozedipui £3) | 2. dxa jo > W 32lqng ERITEYEYEN]
juawdojarsp

pue ymmous uewny Aj4ea yym y4 suesy jo uoljeidosse ay3 Suizediysaaul saipnis jedidojoiwapid]y "ye| 1qel




Update on trans fatty acids and health

's1010e4 dIydei8owapoldos Jo) uawsnipe uodn aduedyiusis
150 SIY3 ySnoya|e ‘UaIp)Iyd Widl-|)Ny JO IYSIOM LI 3Y) YUM paleldosse
AjaAnedau sem sd ewseld ul pide dipie)a jo uoipodoud jeusarew ay |

9dUalajunduid
peay ‘Y18ua) yuiq WBiem yuig

S7d ewseld

Hoyod (@dav)
Juawdo)anaqg
J13y1 pue
ualp)iyD uiog
wrepJiaisuly

(s00>d

‘687~ 01 ¥1'Z- ¢ 1) Y13ua) yuiq pue 6-U ‘[:g| SUDA] ||BM SNOUSA pUE |elia)ie
92UaJ2JWNDJID PeaY pUe 6-U ‘|:g| SUDJ) ||em |elidlie pue ewseld :juediyiusis
awedaq sdiysuolie|al jeuolyippe ‘YHd Pue Yy Joj Juawisnipe Jayuny Jayy

‘(Ayued pue snyeis

2IWOU023-0120s ‘Adueudaid Suunp ured ySiam ‘asn joyodie ‘Supjows ‘ael
‘Apnis jo Suiuui8aq e [Ng ‘Y18ua) ‘a8e |eusalew ‘@8e UOIIeISAS ‘XS |eleUOaU)
10108} SulpuUNOJuUOD J0J JuaWIsN[pe uodn pauayiduaiis aiam sdiysuolie)al
asay] (Ajaandadsai i£70°0= d ‘€5'5-= ¢ '520°0= d ‘pee-= ¢) yidua| yuiq pue
6-U ‘[:8] SUD4] ||em SNOUSA pue |euaLe (010'0= d ‘/§7-= ¢) aduaiajwnoid
peay pue ¢-u ‘[:g| sup.) pue ewse|d usamiaq diysuoire)as aAizeSaN

9dUalajwndiid
peay ‘Y18ua) yuiq Wdiem yuig

S7d ]]em SnouaA

pue |euaye 9140141k
‘ewse|d pJod ed

wn

10Y0D yuig Py
A1eq |erjuassy
youiseey

(9002)
|0 o BlisUIOH

‘papiodal s103oe) SUIpUNOUOD J0) JuBWISNipE ON

(SN) p10-=4 (SN)€00-=4  (SN)90'0-=1 (610  %€£8°7) OVL

(9000 = d) €c0-=14 (SN)Iwo-=1 (SN)elo-=4 (1000 F %#07) 3D

(SN) 60°0- = (SN)zro-=4  (SN)900-=4 (€00 # %£9°0) 1d
y18ua) uolyelsad y18ua) yuiq WSam yuig

:$101BDIPUI 1]eay YIIM SUOIIR|21I0D PUe (IS F Ueal) 4 Supil JO |9AT]

(500> d) wv pue (100> d)
pIDE DI3)0Ul] PUB V4 SUDA] 3D Uaamiaq pue (Kjaandadsas ‘s0°0» d pue (000> d)
VHQ pu® pioe DI9)0ul] PUe Y4 SUDJ] DY | JUBJUI U99MISQ UOIIRIDOSSE 3SIAU|

uole)sas Jo

418ua] ‘Y13ua) yuiq WyBiem yuig
SISYIUASOIq 119U} JO 9DUSPIAS
pue \74Nd ureya-8uoj Jo sjaAa
V4 |e103 JO 4 supi} %

S|9A3) V4
subi} OV 1 pue 3D 1d

ewse)d pJod jedniquin

SUIOgMaU O/

(1007)
sluu| pue sei3

awomnno

Y3je3y o siozedipul A3y

2. d joo. W

uonyejndod
2lqng

AdUIRY




Update on trans fatty acids and health

Y4 subi] JO |2A3] a1 pue SIND UsaM]aq Punoj sem UOoIjeIdosse ON

(su=di6'8 —££0 1D %56) 81 =9
:dnou8 Buipaay Jereuisod se yons s1apUNOJUOD |erjualod 1oy Paidaliod ‘SND
Jeuriouqe A|pjiul JO 33U3NDD0 dU3 O} YUIq JB SNIIS 4 SUDAL JO UONNGLIUOD

‘SIND
|BULIOU UM Suejul Yiim patedwod Aialie edniquin ay ul (€00'0= d) 5|aAa)
V4N 1e303 1381y pue {|00'0= d) pioe A1ie) 6-u [e101 12y8ly (€0°0= d) 5]2A3)
VY Jamo) (€00°0= d) Xapur 43 Jamo) e pey SN |ewiouqe A|pjil Yam sjueyul

(swo)
SIUSWAOWI |eJauagd Jo Ayjend

m_m>m_ Y4 subiy
(AN) wan jed1iquin

a8e Jo syjuow
€ 1@ SJURUI b/t

(99007)
D 12 elysmnog

‘pauiodal s1010€) BUIPUNOJUOD o) JuaWISN(pe ON

'S|9A3)] 4 SUDJL 81D YN PUB 521035 SON 343 Usamiaq ¢'0- A|arewixoidde
JO 1U3ID1JJ20D UOIe)a1I0D @ Sueweads Juediyiudis A)jediisiie)s e sem aiay |

su %¥L°0 %L9°0 vn
su %L0 %0L0 AN
anjead  |ewsouqe Jeuwsiou a)s

(3591 7@ UOSIRaY) 21025 SON Aq Y4 SUPI} 1D % Uelpawl ay |

“Juediiusis A)|ed13siiels Jou sem siyl Ing
‘4 SUpJ) §| PUe SON U29M13q UOIBIDOSSE dAI1eSaU B sem a1ayl (500 » d |je)

AN Ul SN1BIS YHA PUB V43 V4N YHMm pajedosse AjaAanisod aiam $a103s SON

(SON) 21025
Aujewndo jesiSojoinau; e Aq
pauIWLIzIap Se snje)s |edIdojoinaN

HEVEY
V4 subiy (AN) uiaA pue
(vn) A124e |e2rjIquun

yuIq Jage
sKep y1-0l ‘syuejul
wiak-)|ny /1§

(s007) Ip
12 Jamnoug-ydhig

8u1aq-jjam jed18ojoinaN

awomnno

y3je3y o siozedipul A3y

Jo 3. W

uonyejndod
2lqng

AdUdIRY




Update on trans fatty acids and health

JuedyIusis

uou ‘su ‘spioe A11e} PaljlIalsa-Uou ‘43N {01048 ew) ‘Ov | ‘s1a1sd |KIaisajoyd 3D ‘spidijoydsoyd 14 {pioe A11ey |eriuasss ‘43 pIde JIOUIBXIYESOI0P ‘YHQ ‘PIO. JIUOPIYDEIE ‘VyY

IAwW 1o
|Ad YHM Y4-Supi) |BIO) PUE YHA VYV U29M1SQ PUNOS 919M SUOIJRIDOSSE ON|

(yuawssasse

JO a8e pue “|m 9 UrY) i0W J0J BuIpaay-1sealq ‘poliad |eniisusw Ise| Jo dep
3]qelja4un Jo urepadun ‘Adueudaid a10jaq epiaeid Jo 1ydiam 2102s INOH
‘1a41e} 31 JO UOIIEINPS SUIpPN|DUI ‘S10)0B) SUIPUNOJUOD JO 38UEl € 10) Pa3snipy)

200=d p10-=9¢ /-UL9L-SUDI]
1000=d ‘0z0-=¢ 9-UZ:QL-SID'SUDA|
su / 10 6-UL:gl-sub.]
z00=d910-=¢ V4-supay g1
c00=d750-=¢ V4-supij |e3o

'SON YMM Y4 SUDJ} JO UOIIR|2110D SUISSSSe SISA|eue a1eLieAl}NW e U

(50°0 > d) sejnuenb Yy, /puz pue

PIE /15| 941 UaMIQ $9DUIBHIP JURDLIUSIS OS|e 21am 213y (100°0 > d) SON
Jamo) Ajpuediyiudis e SuiAey 4 suel) Jo a)isenb 1say8iy aya Ul uaJpjIyd Yum ‘v4
sUDJ) 101 YIM UOIIRIDOSSEe dAI3eSaU 3uo)s B pamoys SON (00 = d) ajienb
1S9MO) 3Y1 Ul JUSIUOD YHJ AN © YUM SIuejul Ul padnpai Ajuedijiusis sem SON

(iaw)

xapu| je3uaWdo}aAaq [RIUB,
pue (jad) xapuj jeauswdolarag
JojowoydAsd A3)Keg, ay3 (SON)
21025 Ayewndo d13ojounau, Aq
paulWIRIap Se snjels |edIS0j0INaN

(An)

S|9A3) Y SUDJ}
UIdA edljiquin

a8e Jo syjuow
8L 18 UBIP|IYD
paj—ejnuiioy
v4Nnd ureys-3uoj
pue ‘paj-e|nuIoy
‘Pa4-1se34q LI€

(e9007)
D 2 elysmnog

awomnno

d

Y3jeay jo siozedipui Aoy

Jo 3. W

uonyejndod
122(qng

AdUIRY




Update on trans fatty acids and health

(€L1-0%-0) £9:0
(081-89-0) L1l
(191-09-0) 86:0

001

UoIesIISuas D1349)
(€91-9¢0) ££-0

SO * %9¢0

@S ¥ Ueaw 1oyoD

€18 - A
(lo€-180) 951 pauodal jou 4 subiy UeLIoD
(¥81-£+0) 680 a%e josieak | Apnis uonendog
; JO S]2A3) 3)1END
payodal 00l V4 suoiy | $9-07 Udawom (s002)
el 813U NG ‘Bujows ‘Uollednpa xas 3y 10N 1aA3) KeH | 4 |e301 Ul 4 supay % | spidijoydsoyd wnias pue uaw Ot/ |0 12 Jonedwoy
%t'1-G°0 doded
. . ay) ul pajuasaid
d =
1000> re=9 sydeu8 jo sixe-x
ewszds didoly
Wy peal saxeul
1000>d 8=9¢ V4 supij jo a8uey
(i A |-
SHARRURILOSOUIY! ‘pauodal Apnis PIO SteaA pl-€l (sa1unod
21849))y sae uap|iyD
10U $2113UNOD dYy1dads WIVASNVYL Woly 0L) 3N pue ado.n3
A13unod 1o} dao 100°0> d 60 = ¢ | 404 sdjeIUI V4 SUDI] VA A13unod Joj axeiul S2113UN0d Apnas uolejndog
WISy sup.) wouy A31aua % V4 supi) papoday | QL Ul S243U3d GS | (666L) |0 12 PUB|IDAA
saseasip 21813))y
(pagoads
(1> %s6) 3SIMIaY30 ssajun
olyey SppO 40 sty dnoJ3 jo ueipauwi) uonyejndod
sisk|eue u1 104 pajsnipe si030ey puaip 3A13e)aY pajsnipy | 19A3)/ejul V4 sued] | 3. dxa jo a f ERITEYEEN]

W

t BN

S3NSSI Y3|eay paHosse YHM Y4 Suell Jo uolieldosse ayi Suiyediysaaul saipnis jesiSojolwapidy "yoz a)qel




Update on trans fatty acids and health

0200~ 6% =50
Sl00- 6€=10
€100~ 7¢=¢0
/000~ LT=70 vsn
£00=d ol 1T=10 dn-mojjoy A9 (
. . . dvHD)
184 Jo s3dA) ‘uoisuapiadAy ‘Bunjows ‘axelur joyode uolduny a8e Jo sieak d
‘Sayejul D UIWEBIA PUe J UILUeIA ‘@xejul A31aua |ejo) aAugod ur a8ueyd 14 supJ} |e3o | D44 Aq passasse | G9 A0 UsaWOM HOHO MRG0
‘UoI1BONPa ‘9Bl ‘X3S ‘UOIIeAISSqO Jo pouad a3y paisnipe Jenuuy v supiy Kep /3 V4 supbJy Kiexaiq pue usw 095z | (+007) | 12 SO
uonduny aAnIuso)
(cz1-o0) 11 77=50
(€r1-€6'0) ZO'L 81L=1D
(901-880) 60 91=€¢0 vsn
Aouapisal Jo a1e)s pue Jeak ised uy sysiA (l'1-z6°0) 1O'L =270
ueisAyd ‘uoisuapiadAy ‘| yH ‘sniels jesnedousu 900=d ol I'L=10 000Z-786L (SHN)
10oYyod aA1dadsoud
‘Kuanoe 1edisAyd ‘g ‘@elur uiyiuexeaz pue V4 supJ} |e10] Y4 D44 Aq passasse SIUSAD 961
uI21n) ‘aeaul joyod)e ‘aeiul A8iaua ‘Buyows a8y supJ) wouy A31aus % V4 supbiy Kiexaiq usawom €80 I/ (S007) Jp 32 M
uoljew.oy 3oeie3ed
(5'81-5) TS 8% =S5O
(S01-6'0) L' £€=%0
(ca-v1) Ty 0€=¢0 L661-€66L vsn
(8'8-¢1) ¥'€ €7=170 SIUSAS || (dvHD)
184 Jo sadAy ‘adAyouad 600=d ol g1L=10 a8e Jo sieak
10oYyod aA112adsoud
pue 30BJ U3aMIaq UOIDRISIUI ‘2dA10Ua8 OV 'y supi} |e3o ] D44 Aq passasse | G9 J2AO UWOM
‘U011eDNPa ‘9JBJ X3S ‘UOIBAISSQO JO polad 98y v supiy Kep /8 V4 supiy K1eyaig pue usw g8 | (€007) |p 12 SLIOW
aseasip s awiayz)y
(paiyoads
(1> %s6) 3sIMI3Y30 Ssajun
o1jey sppo 40 sty dnoJ8 jo ueipaw) uonyejndod
sisk|eue u1 104 pajsnipe si1030e4 puail 3A13e)aY paisnipy | 12A3) /a)ejul v4 sued) dxa jo 2. W fqng adualaey




Update on trans fatty acids and health

(s¥1-90°1) T
(6€1-z0'L) 6111

(wi-sol) zz1 (poyiodai

(E1-660) pL1L jou 5]aA3) 3UIND)

700=d 00l V4 '8l supiL

(P1-v0°1) €21 Sy =50

(6€1-z0) 611 €€=0
"Je4 Jo sadAy pue axejur A81aua |e10] ‘Bxelul aulped (b¥1-20°1) ¥T'L 17=¢0 vsn
‘e3ul |oyod)e ‘Bupjows ‘s3nip Aiojewwieljul-j3ue (87'1-96°0) IL'L 7T=70 0007-986L (S4dH)
PlOJeIsLOU "SoR2.NIP SPIZel} S21qeIp gl €00=d 001 viL=10 SJUBAd G9§ 7 | HOYod aAI3dadsoly

Kreyaip ‘Auanoe |edisAyd ‘sieak 7 ised ayy uunp V4 supij |e1o| 044 Aq passasse
a8ueyd 1yBiam ‘|Wg ‘dn-moj)oy jo spouiad a8y v supiy Kep /8 v supiy Kieyaiq uaw 716 S (5007) Jp 12 teS |
uoljew.oy auoysjen
6661-¢66L SpuUepayIaN ayL
N . SIUAAD /6L | (Apnis wepianoy)
(90'-££:0) 610 = 4y OLF LT 110405 sapadsold
iUl 4 supi) |(@s F ueaw) poyod a8e Jo sieak

elul pauodal Ul 9582JDUI UOIJBIASD 10} V4 subJ) |10 044 Aq passasse | GG J9AO UsWIOM (zo07)
J ulwelA ‘9xelul A84aus |e10] ‘UoIeINPS ‘X35 98y 10N pJepuels | K1aA3 104 v supiy Kep /8 V4 supiy K1eyaig pue usW G6€ § |p 32 1ey)a8u3
enuawaqg

(payoads

(1> %s6) 3sIMI3Y30 ssajun

o13ey sppoO 40 sty dnoJ3 jo ueipaw) uonyejndod

siskjeue ui1 10§ pajsnipe si03oey puail 3A13R)aY pajsnipy | |2A3) /je3ul vy sued] | 3. dxa jo >. W 323(qng ELITEYEYEN]




Update on trans fatty acids and health

7 =50
(sz-50) 1 61=10
(0e-20) vl S1=€0
(sz-s0) 1 €1=70
(6T-L0) ¥1 60=10 S661-¢661
sL0=d ol Il SHN .
— V4 supJj |e3o|
UaWOoM
(ST-£0)¥1 7€=90 68e 56
(ST-0) ¥L 9T =+0 = Il SHN
(5z-8°0) ¥ Tt=¢€0
(c-ro)z1 81=20 veetesel vsn
‘0=d . L= SIUDAD
0 ot MIZH\V L (1 shn pue sHN)
JSIENE V4 supi) |e10] V4 044 Aq passasse UaWIOmM 77 76 | 1043 2An23dsoly
1301 pue 3upjows ‘Yuiq 1e uoledo) dlydesSoas 98y supa) wouy A31aus % V4 supiy K1eyaig —SHN | (0007) Jp 12 Sueyz
s1s043)2s 3)diInwW
(paiyoads
(1> %s6) 3sIMI3Y30 Ssajun
o1jey sppo 40 sty dnoJ8 jo ueipaw) uonyejndod
siskjeue ui 10§ pajsnipe si03oey puail 3A13R)3Y pajsnipy | |2A3) /je3ul vy sued) dxa jo >. W Iqng ELITEYEYEN]




(e£7-601) €211

Y4 supiy

wouy A31aud Jo %z
J10j sajespAyoqued

wouj A313U3 Jo 6661661

700=d %0 4O UONIISqNS SIUAD g5t

(561-88°0) €11 €7=50 ueusad
(e£1-580) 1z L1=¢D 8uIL03q Jo vsn

184 40 s2dy (ss1-6£0) UL yl=€0 foueugaid
pue 23ejul u1d0.d ‘9xejul SUSJ0IeD-1 ‘DX elul Lo (071-v9°0) £8°0 7L=170 Sundwane (I SHN)
‘@ejur jounnal ‘uondwinsuod 934J0d ‘@felul joyod|e 600=d 001 60=10 uswom | HOU? aA3dsolg
‘SUILLIBYIAIINW JO 3sN ‘asn aA13dadeluod ‘ANAlDe V4 supJ} |eio] v4 044 Aq passasse | |esnedouawaid (£007)
Jea1sAyd ‘Bupjows ‘Aed g ‘@eiur A8iaua 98y supa) wouy A31aus % V4 supi) Aieyaiq | paliiew 6sG gl | 12 OlieARYD

A3iaaur K103e)nAo

Update on trans fatty acids and health

(payoads
(1> %s6) 3sIMI3Y30 ssajun
o13ey sppoO 40 sty dnoJ3 jo ueipaw) uonyejndod
siskjeue ui1 10§ pajsnipe si03oey puail 3A13R)3Y pa3snipy | |A3) /je3ul vy sued) | ainsodxa o 3. W 2lqng EEITEIETEN

®




Update on trans fatty acids and health

Adesayy Juswade)das suourioy ‘| yH 199(0id SuiSy pue yijeaH 08ediyd ayl ‘dyHD APNis YyieaH SasinN ‘SHN Apnis dn-mojjo4 sjeuoissajoid yijeaH ‘S4dH

(£11-190) ¥8°0 Le=¢L 6661-¢661 SPUBlIBYIaN YL
231Ul 3 UILWRIA pue Sujows ‘xas ‘98! Uwu_OMw_ thOQm_ e \_Ou— M._O VN HINF OMM.«“UM_MW—M A\A_U_me EMU\_wtOMV
>eiul 3 ulweyA p bl v 10N ool 9=l El 110403 2A1123ds0.g
V4 Supij |e1o| 044 Aq passasse | GG J2AO UaWIOM
v supiy Kep /8 V4 supi) Aie3aig | pue uaw 687 G | (S007) Jp 12 ne ap
(os1-120) o1t 61=50
(ce1-s20) st SL=v0O
(09'1-£9°0) ¥O'L T1=€0
(01-170) 99°0 01=70
go=d 00 £0=10
S4dH — V4 sup4y |e3o
(091-9°0) 101 7€=50
(S0'1-££0) 290 97=¥0 886986l
(r€1-25°0) ¥8°0 T=¢0 uaw
(59'1-69°0) £0'L 81=170 L€€ /¥ — S4dH vsn
o=d . .
€0 oot £L=10 8661-0861 (SddH pue SHN)
elul SHN —
1oyod aAadsoud
au134ed pue uoidwnsuod Joyodje ‘axeiul A8iaua V4 supi} |e10] V4 044 Aq passasse usawom
‘Bupjows ‘dn-mojjoy jo yidua) 98y supa) wouy A31aus % V4 supi) Kieyaiq €95 88 — SHN (€007) Jp 12 UBYD
3seasip suosunjied
(paiyoads
(1> %s6) 3sIMI3Y30 Ssajun
o1jey sppo 40 sty dnoJ8 jo ueipaw) uonyejndod
siskjeue ui 10§ pajsnipe si03oey puail 3A13R)3Y pajsnipy | |2A3) /je3ul vy sued) dxa jo >. W Iqng ELITEYEYEN]




Update on trans fatty acids and health

Annex 3: Trans FA intake in the UK

Total trans FA intakes for the general population and

sub-groups

The National Diet and Nutrition Surveys (NDNS) provide data on fat intakes in the
general population. The most recent NDNS data on adults aged 19-64 years was
collected in 2000/01 (Henderson et al, 2003) and on children aged 4-18 years in
1997 (Gregory et al, 2000). The Low Income Diet and Nutrition Survey (LIDNS)
provides data on fat intakes in low income materially deprived adults and
children. Data were collected in 2003-2005 (Nelson et al, 2007). Tables 1 & 2 show
intakes of saturated and trans FA split into age/gender groups.

Table 1: Saturated FA and trans FA intakes by age & gender: general population®

Age, yrs Gender | % food energy from SFA % food energy from trans FA
Mean Upper Mean Upper

2.5 percentile 2.5 percentile

4-10 Boys 14.2 19.0 13 2.0
Girls 14.5 193 13 2.0

n-18 Boys 13.5 179 13 21
Girls 13.6 18.5 13 21

19 - 64 Men 13.4 19.0 12 21
Women 13.2 20.0 12 21

a  Source: NDNS young people 4 — 18 yrs 1997 (Gregory et al, 2000); NDNS adults 19 — 64 yrs
2000/01 (Henderson et al, 2003)



Update on trans fatty acids and health

Table 2: Saturated FA and trans FA intakes by age and gender: low income

population®
Age, yrs Gender | % food energy from SFA % food energy from trans FA
Mean Upper Mean Upper
2.5 percentile 2.5 percentile
2-10 Boys 14.6 219 12 21
Girls 14.4 20.5 11 18
n-18 Boys 137 18.6 12 19
Girls 135 19.0 12 24
19 — 64 Men 133 217 13 2.6
Women 133 21.2 12 2.6

a  Source: Low Income Diet and Nutrition Survey 2003,/05 (Nelson et al, 2007)

In the NDNS (Henderson et al, 2003), all subgroups had average trans FA intakes
less than the UK Dietary Reference Value (DRV) of 2% food energy, while mean
intakes of SFA exceeded the DRV in all subgroups (Table 1) (COMA, 1994). Similar
results were reported by the LIDNS (Nelson et al, 2007) (Table 2).

The similarities between the results presented in Table 1and Table 2 indicate that
there are no significant differences in the average proportion of energy from total
fat, SFA or trans FA between the general and low income populations. However,
a higher proportion of low income adults (75% of adults (Nelson et al, 2007))
exceeded 2% food energy from trans FA compared with the general population
(3% of adults (Henderson et al, 2003)).

Figure 1shows that there was little variation in the main sources of trans FA intake
between the general adult population who met the WHO recommendation of 1%
food energy from trans FA and those who exceeded the UK DRV of 2%. Figure 2
shows a similar pattern for low income adults, with the exception of fat spreads,
which provided over 40% of trans FA intake in the 149 adults who exceeded the
DRV. Consumption of a few fat spread products with relatively high trans FA levels
was the main factor contributing to the average intake exceeding the DRV in this
group. It should be noted that the levels of trans FA in spreads has reduced
significantly since this data was collected, and the trans FA contribution from
these products is now likely to be much lower.



Update on trans fatty acids and health

Figure 1. Percentage contribution of food types to trans FA intakes for adults
19-64 years with low, medium and high intakes.
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Figure 2. Low Income Diet and Nutrition Survey — percentage contribution of
food types to trans FA intakes for adults 19-64 years with low, medium and
high intakes.
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Time trends in intakes of total fat, saturated fat and trans FA

5. The NDNS provides comparable data on intakes of total fat, SFA and trans FA for
adults in 1986./87 (Gregory et al,1990) and 200001 (Henderson et al, 2003). Table
3 shows that the proportion of food energy derived from total fat was markedly
lower in 200001 (35% for women; 36% for men) compared with 1986./87 (40% for
men and women). A similar pattern was seen for SFA (13% of food energy in
2000/01 compared with 17% in 1986./87) and for trans FA (1.2% of food energy in
2000/01 compared with 2.2% in 1986,/87). The mean proportion of food energy
from trans FA for adults in 200001 was well below the UK DRV of 2%.

Table 3: Total fat, SFA and trans FA intakes in 1986./87 and 200001

Men 1986./87* 2000/071°
% food energy % food energy
Lower 25 | Mean Upper 2.5 | Lower 2.5 | Mean Upper 2.5
percentile percentile | percentile percentile
Total fat 30.6 40.4 495 24.0 35.8 46.6
SFA 10.6 16.5 224 78 134 19.0
Trans FA 1.06 219 4.08 0.5 12 21
Women 1986/87* 2000/01°
Lower 2.5 | Mean Upper 2.5 | Lower 2.5 | Mean Upper 2.5
percentile percentile | percentile percentile
Total fat 287 40.3 501 22.0 349 479
SFA 10.7 17.0 234 7.2 13.2 20.0
Trans FA 092 216 391 0.4 12 21

a  Aged16-64 years. Dietary and Nutritional Survey of British Adults 1986,/87 (Gregory et al, 1990)
b Aged19-64 years National Diet and Nutrition Survey adults 19-64 years 200001 (Henderson et
al, 2003)
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6. The fall in trans FA intake between the two surveys is due to a number of factors:

Reformulation work by manufacturers in the late 1990s onwards to remove
partially hydrogenated vegetable oils' reduced the levels of trans FA in many
margarines and reduced and low fat spreads.

There was a fall in consumption of some of the main contributors to trans FA
in the diet — mean consumption of biscuits, buns, cakes, pastries and fruit pies
was 29% lower in 200001 (Henderson et al, 2003) than in 1986./87 (Gregory
et al, 1990), mainly due to a fall in consumption of cakes and pastries, and
mean consumption of fat spreads was a third lower due to a 50% drop in
butter consumption.

Composition values for trans FA used in the 200001 (Henderson et al, 2003)
survey, based mainly on analysis in the mid 1990s, differed from and tended
to be lower than the values used in the 1986787 survey (Gregory et al, 1990),
a higher proportion of which were estimated values. In particular the values
used for meat, milk and dairy products were generally (though not
universally) higher in the 1986,/87 survey (Gregory et al, 1990). In the case of
meat this is partly due to higher total fat values in the older dataset. It is not
clear to what extent these differences reflect real changes in the trans FA
content of these foods but it is likely that at least some of the apparent
changes are due to the replacement of estimated values used in 1986,/87
(Gregory et al, 1990) with analytical values for the 200001 (Henderson et al,
2003) survey.

It should be noted that the 200001 intakes (Henderson at al, 2003) do not reflect

any manufacturer reformulations of biscuits, buns, cakes and pastries or crisps and
savoury snacks to reduce trans FA levels that may have taken place since the last
comprehensive analysis of these product groups in the early 1990s (Table 5).

1

Partially hydrogenated vegetable oils contain trans fats, which are produced during the
process of hydrogenation used to turn liquid oil into solid fat.
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Table 4: Age of trans FA composition data

Food group Date of most recent fatty acid analysis
Biscuits, cakes and pastries 1992
Pasteurised milk 1995
Other milks and cream 1998
Cheese 1999
Chilled and frozen desserts 1997/98
Carcase meat 1992-1995
Meat products 1991-1995
Ethnic takeaway foods 1997
Crisps and savoury snacks 1989/91
Confectionery 1992
Chips 1980s
Potato products 1990s

For products for which no analytical data are available, the FA profile was
estimated based on manufacturers’/retailers’ data for total fat and SFA (usually
from the product label) and the FA profile of similar foods. Any claims on the
label about trans FA or hydrogenated fat levels was taken into account when
estimating the FA profile. FA profiles for reduced and low fat spreads were
updated using manufacturer’s data collected prior to the 2000/01 NDNS
(Henderson et al, 2003). Products that claimed to be low in trans FA were coded
separately from other products.

Primary dietary sources of trans FA

Figure 3 shows the main contributors to trans FA intakes in adults in 2000/01
(Henderson et al, 2003) compared with 1986,/87 (Gregory et al, 1990). In 1986.,/87,
30% of trans FA came from spreads (Gregory et al, 1990) (including butter), but this
had dropped to 18% of intake by 200001 (Henderson et al, 2003). This was due
both to reformulation of many fat spreads in the late 1990s to reduce/eliminate
hydrogenated fat and to an overall decrease in consumption of this food group.
The contribution of cereals and cereal products was unchanged at just over a
quarter of total intake in both surveys, mainly from biscuits, buns, cakes and
pastries. While mean consumption of biscuits, buns, cakes, and pastries fell
between 198687 and 2000/0], their relative contribution to trans FA intakes
remained stable as it was offset by the decline in fat spreads. The relative
contributions of milk and milk products and meat and meat products both
increased slightly.
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Figure 3. Percentage contribution of food types to adult trans FA intakes
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Source: Dietary and Nutritional Survey of British adults 1986,/87(Gregory et al, 1990); NDNS adults 19-
64 years 2000/01 (Henderson et al, 2003); LIDNS 19 years and above 2003,/05 (Nelson et al, 2007).
Note: ‘Other foods’ includes chips, potato products and savoury snacks, confectionery, fish products,
eggs and egg dishes.

Estimation of current trans FA intake using data supplied
in 2007

Industry was asked to provide data to the FSA on current trans FA levels in
product categories. The majority of data provided by industry were maximum
trans FA levels in product categories but in some cases an average level was
provided for a category. The current values for trans FA provided by industry were
compared with the range of values that had been used for that food group in the
NDNS 2000/01 (Henderson et al, 2003). New values provided by industry were
used in the re-estimates if they were either average levels for a category or if they
were maximum levels that were lower than the majority of existing values.
Updated levels of trans FA for food group that were used in the re-estimation are
shown in Table 5.
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Table 5. Current trans FA levels in food categories as used by the
updated estimate (FSA 2007)

Food categories g trans FA /100g product

Biscuits (maximum)

Buns, cakes, pastries and fruit pies (maximum)

Reduced and low fat spreads and soft margarine (maximum)

Ice cream (average) 0.

N - = =

Values for confectionery, savoury snacks and processed potato products were
also provided by industry but were not used in the re-estimates as they were
maximum levels for each category and were higher than the majority of existing
values. The rationale for this approach (rather than replacing the existing values)
is that the existing values were generally based on analysis and it is consistent with
specific information provided by industry that trans FA levels have reduced in
products over time. Other data provided by industry for individual products could
not be applied to entire product groups.

Using consumption data from the NDNS adults 200001 (Henderson et al, 2002)
a new value for trans FA intake was estimated at 1.00% of food energy for all
adults aged 19-64. Because it was not possible to take account of all the
reductions in trans FA levels as described above, this figure is likely to be an
overestimate of actual intake. Details of data provided by industry and the revised
calculations can be found respectively in the FSA Board paper (www.food.gov.uk)
and a separate paper published by FSA (FSA, 2007).

Contribution of animal and vegetable oil sources to
trans FA intake

At present there are no methods of analysis applicable to a wide range of foods
that can distinguish between trans FA, which are naturally present in foods (e.g. in
animal products), and those formed during the processing of vegetable oils. This
is because of the overlap in trans FA profiles of animal fats and hydrogenated oils
and the varying proportions of trans FA isomers among different hydrogenated
fats.

An estimate of the contribution of animal and vegetable oil sources to total trans
FA intake has been made by identifying the main source of trans FA in each NDNS
food group. This estimate, based on the 2000701 NDNS (Henderson et al, 2003),
suggests that around 55-65% of trans FA intake is derived from vegetable oil, with
the remainder from animal sources.
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Trends in intakes of individual trans FA isomers

There are no data available from NDNS or LIDNS on intakes of individual trans FA
isomers nor any differentiation between naturally occurring trans FA and those
present as a result of hydrogenation processes. Analysis of UK Total Diet Study
samples provides some information on intakes of individual trans FA isomers at a
population level (Table 6).

Table 6: Estimated population average intakes of total trans FA,
individual trans FA and conjugated linoleic acid (CLA) based on
analysis of Total Diet Study samples from 1991 and 1995.

Population mean intake, g/day

1991 1995
Total trans FA 3.57 3.36
Of which:
18:2 trans 0.58 0.41
18:3 trans 0.06 031
161 trans 0.27 016
181 trans 233 218
2011 trans 0.24 017
22:1 trans <0.01 0.13
18:2 conjugated 0.23 0.28

Source: Fatty acids and iodine in 1995 UK Total Diet samples. MAFF FSIS 127.1997
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