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Foreword

A debate on the phasing-out of industrially produced trans fatty
acids in food products has been initiated over the last few years in
the EU, and particularly in the USA. In Denmark, this debate
started in 1994 following the publication of the Danish Nutrition
Council’s first report, which actually dealt with trans fatty acids and
contributed to a significant fall in the consumption of these fatty
acids by Danes.

On March 11, 2003 the Danish government decided to phase out
the use of industrially produced trans fatty acids in food before the
end of 2003.

We hope that this report can provide a useful tool in work on
eliminating these fatty acids, which are harmful to health, from food
products, also in countries outside Denmark.

The present report is an English updated edition of the Danish
Nutrition Council’s third version of its report on trans fatty acids.

Bjørn Richelsen
Chairman of the Danish Nutrition Council
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Summary

The report ‘The influence of trans fatty acids on health’ published
in 1994 by the Danish Nutrition Council concluded that trans
fatty acids in the diet promote arteriosclerosis at least as much as
equivalent amounts of saturated fats and probably more, and that
there are justified suspicions that a high trans fatty acid intake may
have adverse effects on foetal growth. It was therefore recommended
that a declaration of trans fatty acid levels in foodstuffs be dealt 
with by the EU. An agreement was also concluded with the Danish
margarine industry to reduce the trans fatty acid content of margarines
produced in Denmark.

Since 1994, the influence of a high intake of industrially produced
trans fatty acids in promoting the development of heart disease has
been further documented by, among other things, the presentation of
four major prospective population studies. The studies indicate that,
gram for gram, the intake of trans fatty acids as compared with saturated
fatty acids is associated with an approximately 10-fold higher risk
increment for the development of heart disease. The suspicion of an
adverse effect of trans fatty acids early in life has been further confirmed.
The possible effect of trans fatty acids on the development of cancer is
still unclarified. Data from both epidemiological and mechanism
studies gives rise to the justified suspicion that trans fatty acids increase
the risk of type 2 diabetes. Studies have also been presented justifying
further studies concerning the possible effect of trans fatty acids in
promoting allergic diseases in children and concerning the possible
influence of trans fatty acids on body fat distribution and insulin
sensitivity.

There is very little information on the effect of trans fatty acids from
ruminants on the above-mentioned aspects. Available data suggests,
however, that ruminant trans fatty acids, especially so far as the effect
on heart disease is concerned, do not have the same unfavourable
effects as industrially produced trans fatty acids. Levels of trans fatty
acids in industrially hydrogenated fats may account for up to 60% of
the fatty acid content. The equivalent figure for beef and milk
products is 2-5%.
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The average daily intake of industrially produced trans fatty acids in
Denmark was in 1994 approximately 2.5 grams per person, and has
since fallen primarily as a result of a reduction in the trans fatty acid
content of table margarines produced in Denmark. The current
average daily intake is estimated at 1-2 grams. In the light of the
results from a random survey conducted in November 2000 with
subsequent analysis of the trans fatty acid content of the products
collected, it is, however, likely that population groups with eating
habits including frequent consumption of fast food, French fries,
microwave popcorn, chocolate bars and the like have daily intakes of
industrially produced trans fatty acids well above average levels in the
general population. This is due partly to the import of products with
a high content of partially hydrogenated fats and partly to the fact
that bakery and industrial margarines may, despite technical potential
for producing products with a low trans fatty acid content, still have a
high content of industrially produced trans fatty acids.

The Danish Nutrition Council recommends that the use of
industrially produced trans fatty acids in foodstuffs be ceased as soon
as possible.
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Mandate

In September 2002, the Danish Nutrition Council set up a working
group with the following mandate:

To carry out an assessment of the knowledge relating to the influence
of trans fatty acids on health and suggest a recommendation for
intake of trans fatty acids.

The working group concluded its work on the Danish edition of the
report in the autumn of 2003.

Composition of the working group:
Professor,  Head Physician, Dr.Med.Sci. Steen Stender
Professor,  Head Physician, Dr.Med.Sci. Jørn Dyerberg

Chapter 3. Legislation relating to the level of industrially produced
trans fatty acids in food has been drafted in consultation with
scientific adviser Bente Koch and legal adviser Tereza Gabriel, the
Danish Veterinary and Food Administration.

The section on trans fatty acids and excess weight in Chapter 1 has
been drawn up in collaboration with Thomas Meinert Larsen of
the Department of Human Nutrition, the Royal Veterinary and
Agricultural University, Denmark.



The influence of trans fatty acids on health

12



13

Introduction

Trans fatty acids are fatty acids containing at least one trans double
bond. A trans double bond is a double bond in fatty acids between
two carbon atoms that have changed geometry relative to the cis
double bonds found most commonly in nature. The hydrogen atoms
in the double bond in the trans form are located on either side of the
carbon atoms, whereas those in the cis form are located on the same
side (Figure 1).

Despite being unsaturated, the chemical structure of trans fatty acids
is therefore consequently similar to that of saturated fatty acids. There
is, however, a difference in the geometry of the carbon chain (Figure
2). The question is whether this difference between the trans fatty
acid and the corresponding saturated fatty acid also results in a
difference in the biological effect of these fatty acids.

Figure 1
The chemical structure of the cis-unsaturated fatty acid (oleic acid),
the corresponding trans-unsaturated fatty acid (elaidic acid) and the corre-
sponding saturated fatty acid (stearic acid). (From J Amer Diet Assoc 2002;
no. 1 - David Zweirz).

oleic acid
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elaidic acid

trans

stearic acid



The influence of trans fatty acids on health

14

H3 C        C        C        C         C         C        C        C           

C        C         C        C        C         C        C         COOH           

3.77 Å

1.54 Å
111°123°

H3 C        C         C        C         C         C         C        C           

C        C         C        C         C         C        C         COOH           

3.81 Å

1.54 Å
111°

2.52 Å

Dietary fatty acids with trans double bonds come primarily from
two different sources: industrial, partial hydrogenation of edible oils
containing unsaturated fatty acids, and bacterial transformation of
unsaturated fatty acids in the rumen of ruminants. The first type is
referred to in this report as industrially produced trans fatty acids, and
the second as trans fatty acids from ruminants. When the term trans
fatty acids is used in this report without any indication of source, this
is due to a lack of information on this or on possible differences in
effect between the two types.

Figure 2
The molecular structure of a trans fatty acid (top) and the corresponding
saturated fatty acid.

In industrial production designed to give a fat mixture a number of
technical characteristics, such as storability in solid form (stable in
storage) at room temperature, principally monounsaturated trans
fatty acids are formed (e.g. elaidic acid 9trans-18:1), though also a
wide range of chemical variants (1). Small quantities of so-called
conjugated trans fatty acids, known as CLAs, are also formed in
industrial hydrogenation (2).

In the rumen of ruminants, principally trans vaccenic acid (11trans-
18:1) is formed, which accounts for over 60% of the trans fatty acid
content of butterfat from cows (2). In addition, a relatively small
quantity of CLA is formed (e.g. 9cis, 11trans-18:2 and 10trans, and
12cis-18:2).
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It is largely the same trans fatty acids that are present in industrially
produced trans fatty acids and trans fatty acids from ruminants, but
there is a very considerable difference in the amount of the individual
trans fatty acids in the industrially produced trans fatty acids and in
trans fatty acids from ruminants (Figure 3). There is therefore a basis
for differences in their influence on biochemical processes in the body
as this influence may be related to specific trans fatty acids. Based on
the said quantitative differences, information can be obtained by
chemical analysis on the extent to which trans fatty acids originate
from the industrial process and from ruminant fat.

Figure 3
The distribution of trans fatty acids in industrially hydrogenated vegetable oil
and in trans fatty acids from ruminant fat.
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Human intake of trans fatty acids therefore originates from foods
containing industrially produced, partially hydrogenated fat, and
from beef, mutton, lamb and dairy fat.

The trans fatty acid content of industrially hydrogenated fats varies
widely and may account for up to 60% of the fatty acid content,
whereas the trans fatty acid content of beef and dairy products is
considerably lower and accounts for 2-5% of the fatty acid content
(2) (Figure 3). In the case of special dietary choices, this allows for a
daily intake of up to 10 times more industrially produced trans fatty
acids than trans fatty acids from ruminants.

The Danish Nutrition Council’s report, The influence of trans fatty
acids on health, which was published in 1994 (3, 4), aroused conside-
rable attention both nationally and internationally as a result of its
distinctive stance. The report concluded that industrially produced
trans fatty acids in the diet promote arteriosclerosis at least as much as
equivalent amounts of saturated fatty acids and probably more, and
that there are justified suspicions that a high intake of trans fatty acids
may have adverse effects on foetal growth.

The Danish Nutrition Council therefore considered it reasonable that
the intake of industrially produced trans fatty acids should be reduced
as much as possible as there was no evidence that they have beneficial
effects on health as compared with saturated, monounsaturated or
polyunsaturated fatty acids and were therefore being used in various
food products chiefly on economic and production grounds.

The report led to an agreement with the Association of Danish
Margarine Manufacturers on a strategy designed to reduce the trans
fatty acid content of a number of margarine products over a number
of years.

The Danish Nutrition Council’s report was sent to the EU Commis-
sion in 1996 with a view to securing the Commission’s agreement to
implement national regulations on the labelling of foodstuffs with
details of trans fatty acid content. The Danish request was rejected by
the EU Commission, partly on the grounds of a lack of scientific
consensus within EU Member States concerning the potential harmful
effect of industrially produced trans fatty acids on health.
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Since then, a number of studies have been published concerning the
influence of trans fatty acids on health. These studies have on many
points not only confirmed but also supplemented the Danish Nutrition
Council’s conclusions. On the basis hereof, the Danish Veterinary
and Food Administration asked the Danish Nutrition Council to
update the scientific background with a view to taking initiatives at
EU level again to regulate levels of industrially produced trans fatty
acids in foodstuffs. This happened in 2001 with the publication of
a new trans fatty acid report (5).
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Trans fatty acids in the
diet and disease

1.1 Trans fatty acids and heart disease
1.1.1 Epidemiological studies

Trans fatty acid intake and heart disease in various countries
Studies of the link between the intake of trans fatty acids and the
occurrence of heart disease in the form of arteriosclerotic diseases are
hampered by the fact that, among other things, an assessment of a
person’s intake of trans fatty acids over a number of years is associ-
ated with considerable uncertainty. This is due partly to the general
uncertainty associated with dietary studies and partly to considerable
uncertainty about the trans fatty acid content of food products, which
can vary from one brand to another and indeed within the same
brand over time. Lastly, the technical aspects of analysis also give rise
to uncertainty about the trans fatty acid content of foodstuffs.

As trans fatty acids from the diet, like other fatty acids, are deposited
in adipose tissue, the trans fatty acid content of adipose tissue reflects
to a certain extent the intake of trans fatty acids over the previous
period (several months to 1 year). The trans fatty acid content of
adipose tissue is analysed by determining the fatty acids present in a
biopsy. The trans fatty acid content of blood and blood cells can be
determined similarly. These measure-ments reflect the intake of trans
fatty acids in recent days, weeks and months.

Studies using the composition of trans fatty acids in tissue or blood
as a marker for trans fatty acid intake and its relationship with the
occurrence of heart disease have yielded conflicting results. Most
studies have been too small to determine the existence of an associa-
tion. The results of the biggest study to date, the EURAMIC study,
which included 671 men with cardiac infarcts from 9 European
countries, were not conclusive either (7).

1:
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All in all, there was no association between the above-mentioned
markers for intake of trans fatty acids and the risk of myocardial
infarcts. However, an analysis excluding centres with little
intracentre variation and very low trans fatty acid intake shows that,
among the remaining centres, there was a positive association
between the intake of trans fatty acids and the occurrence of heart
disease. The results of the study are, however, also considered
difficult to interpret for methodological reasons (8).

A small (n = 66) case control study from Britain did not find an
association between the trans fatty acid content of adipose tissue and
the risk of sudden cardiac death (9) either, though see also page 26.

A case control study from Norway (10), covering 100 patients with
a first myocardial infarction and 98 controls without heart disease,
showed, on the other hand, that the concentration of industrially
produced trans fatty acids in adipose tissue was significantly higher
in patients than in controls. The risk of myocardial infarctions in the
heart, corrected for age and sex, was 2.8 (95% confidence interval:
1.16-6.84) in the highest quintile compared with the lowest quintile
for the trans fatty acid content of adipose tissue.

Prospective studies
The strongest epidemiological evidence relating levels of trans fatty
acids in the diet to the risk of heart disease comes from three major
prospective studies covering about 150,000 subjects monitored for
6-14 years: The Health Professionals Follow-up study, USA 1996
(11), the Alpha-Tocopherol Beta-Carotene Cancer Prevention Study,
Finland 1997 (12), and the Nurses’ Health Study, USA 1997 (13),
which is a follow-up of the original study (6) after 14 years’ obser-
vations, and from the Zutphen Elderly Study, Holland 2001 (14),
which covers 667 men over an observation period of 10 years.
These studies assessed the intake of trans fatty acids with the aid of a
detailed questionnaire on the composition of the diet. The validity
of the self-reported dietary composition was supported by random
comparison between the fatty acid composition calculated on the
basis of the completed questionnaire and the fatty acid composition
measured in adipose tissue. These four studies all find a positive
association between the intake of trans fatty acids and the risk of
heart disease. The relative risk of heart disease, associated with an



21

nurses' health study

health professionals
follow-up study

alpha-tocopherol beta-carotene
cancer prevention study

zutphen elderly study

total

0.6 1 1.4 1.8 2.2

1.62

1.13

1.14

1.28

1.25

absolute increase of 2 per cent energy in the intake of trans fatty
acids, was, following statistical correction for a large number of
known risk factors for heart disease, 1.36 (95% confidence interval
1.03-1.81) in the Health Professionals Follow-up Study; 1.14 (0.96-
1.35) in the Alpha-Tocopherol Beta-Carotene Cancer Prevention
Study; 1.93 (1.43-2.61) in the Nurses’ Health Study and 1.28
(1.01-1.61) in the Zutphen Elderly Study. All in all, the relative risk
of heart disease associated with an increase in the trans fatty intake
of 2 per cent energy in the 4 studies referred to above is 1.25 (1.11-
1.40) (14). See Figure 4. It should be pointed out that the relative
risk values used in Figure 4 are directly comparable. In the case of
two of the studies, these risk figures differ from those mentioned
above, which are based on special corrections.

Figure 4
Fully adjusted relative risks for the development of heart disease in the
case of an increase of 2 per cent energy in the intake of trans fatty acids
at baseline and the total variance-weighted relative risk. The blue lines
indicate the 95% confidence interval. Printed with the permission of
Elsevier Science (14).

The greater relative risk in the Nurses’ Health Study can probably be
ascribed to the fact that there were 4 dietary studies in the follow-up
period, which reduced the uncertainty in the assessment of trans
fatty acid intake.

In three of the prospective studies, the association between the
intake of trans fatty acids and the risk of heart disease was stronger
than a corresponding association between the intake of saturated
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fatty acids and the risk of heart disease. In the Zutphen Elderly
Study, this association was not investigated.

Studies like those referred to above have been criticised for their
uncertainty in assessing the trans fatty acid intake of the subjects
involved. However, random errors in the measurement of intake
will result in an underestimation of a possible association between
the risk of heart disease and the intake of trans fatty acids. It should
also be pointed out that observational studies like those mentioned
do not necessarily demonstrate a direct causal relationship.

The associations observed apply in principle only to the groups
observed. The four studies cover such different populations, how-
ever, that the results very probably hold true for the populations as a
whole.

Even bearing in mind these fundamental reservations, the prospec-
tive studies cited therefore essentially support the hypothesis that
trans fatty acids in the diet increase the risk of heart disease.

It should be pointed out in this connection that at the same time
as a fall in the daily intake of industrially produced trans fatty acids
in Denmark from 6 grams in 1976 to 1-2 g today, there has been
a 50% fall in mortality from heart disease (3, 15). See Figure 5.
Although many lifestyle changes have occurred in the last 80 years,
it is tempting to see the rise until 1970-1980 and the subsequent
fall in mortality from heart disease in the West in the context of the
same rise and fall in the intake of industrially produced trans fatty
acids over this period (15). It is in the same way tempting to relate
the rise in mortality from heart disease in eastern Europe observed in
recent decades to the increase in the intake of trans fatty acids (16).
However, the suggested relations merit much deeper analysis.
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Figure 5
Changes in mortality from heart disease and changes in the intake of
trans fatty acids.

1.1.2 Trans fatty acids and blood lipoproteins
Convincing evidence of an adverse effect on plasma lipids and lipo-
proteins in connection with increased intake of industrially produced
trans fatty acids has been published in a review by Ascherio et al (17).
The results are partly based on two major studies (18, 19). The article
summarises the randomised studies, which compare the influence of
isocaloric levels of saturated fatty acids and industrially produced
trans fatty acids on plasma HDL and LDL concentrations. HDL and
LDL levels in the plasma are well-documented risk markers for the
development of heart disease. High LDL levels are associated with an
increased incidence of ischaemic heart disease, whereas high HDL
levels are associated with a reduced incidence of ischaemic heart
disease. For this reason, the ratio between LDL and HDL is often
used as a combined risk marker for these two components in relation
to the development of heart disease. The higher this ratio, the higher
the risk.
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Figure 6
Results of randomised studies of the influence of industrially produced trans
fatty acids (circles) and saturated fat (squares) on the LDL cholesterol/HDL
cholesterol ratio (y-axis). A diet with isocaloric levels of unsaturated fatty
acids was used as a comparative basis (17). The x-axis indicates in per cent
energy a replacement of unsaturated fat with either saturated fatty acids or
industrially produced trans fatty acids.

The above-mentioned review shows the adverse effect of an increased
intake of industrially produced trans fatty acids on the ratio between
LDL and HDL cholesterol (Figure 6). This effect is greater than the
influence of a corresponding increase in the intake of saturated fatty
acids. A possible explanation for this has appeared in in vitro studies
with human liver cells, in which industrially produced trans fatty
acids, compared with saturated fatty acids, increased the formation of
cholesterol-rich LDL particles (20). The meta-analysis shows that an
absolute increase of 2 per cent energy in the intake of industrially
produced trans fatty acids increases the ratio between LDL and HDL
by 0.1. A corresponding increase in this ratio, as a function of dietary
levels of saturated fat, requires an increase of 5 per cent energy. An
increase of 0.1 in the ratio between LDL and HDL cholesterol corre-
sponds to about a 5% increased risk of developing heart disease.
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Besides increasing the ratio between LDL cholesterol and HDL
cholesterol, the level of lipoprotein Lp(a) is also increased when
industrially produced trans fatty acids replace saturated fat (21).
The link between a high Lp(a) and the risk of heart disease is,
however, still uncertain.

Recently it has been shown that consumption of dietary industrially
produced trans fatty acids produces a deleterious increase in small,
dense LDL (22). An increase in small LDL-subfractions is associated
with a marked increased in the risk of heart disease even in the pre-
sence of relatively normal LDL-cholesterol concentrations.

A high intake of industrially produced trans fatty acids increases tri-
glyceride concentrations in the blood (17). High plasma triglyceride
levels have proven to be an independent risk factor for heart disease
(23, 24).

It should be pointed out that results from similar studies concerning
blood lipids and the intake of trans fatty acids from ruminants have
still not been published.

1.1.3 Trans fatty acids and other risk factors
for heart disease
The 5% increased risk of heart disease, which can be attributed to
the fact that 2 per cent energy from industrially produced trans fatty
acids adversely affects the ratio between LDL and HDL cholesterol,
is – albeit of crucial significance – considerably less than the in-
creased risk of 25%, which the above-mentioned prospective studies
find to be associated with the same intake of trans fatty acids.
Compared with saturated fatty acids, trans fatty acids therefore have,
gram for gram, a more than 10-fold higher association with the risk
of heart disease, as 2 per cent energy from saturated fat is associated
with an increased risk of heart disease of about 2% (25) (Table 1).
This marked difference in increased risk may be due to effects of
trans fatty acid intake on blood levels of triglycerides and Lp(a) as
well as on other mechanisms important for the development of heart
disease that are not mediated via the ratio between LDL and HDL
cholesterol.
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risk increase observed risk

intake based on increase in the

increased prospective population

grams/day ldl/hdl ratio studies

Saturated fat 5 (2 E%) 2% 2%

Trans fat 5 (2 E%) 5% 25%

E%: Per cent energy

Table 1
Increased risk of heart disease in persons with a comparable absolute increase
in intake of saturated fat and trans fat.

There is a possibility that a high trans fatty acid intake results in the
incorporation of these fatty acids in heart muscle cells and the con-
duction system and that this lowers the threshold for cardiac arrhyth-
mias, which may be life-threatening in connection with acute myo-
cardial infarction in the heart. In animal experiments, saturated fatty
acids promote susceptibility to malignant cardiac arrhythmias (26).
Support of this arrhythmia hypothesis concerning trans fatty acids is
that fatty acids of another type, namely what are known as n-3 fatty
acids in fish oils, both in animal experiments (26) and in human
trials with a daily intake of 1-2 grams, apparently have the opposite
effect (27, 28). It is this rhythm stabilising effect that best explains
the effect of fish oils on extending the lives of patients who have
previously had acute myocardial infarction (29, 30).

The possibility that trans fatty acids lower the threshold for cardiac
arrhythmias has been supported by the results from a more recent
case control study of the risk of sudden cardiac death. When levels
of trans fatty acids in red blood cells as a marker for trans fatty acid
intake were compared in 179 cases of sudden cardiac death with 285
controls, it was found that dietary levels of trans fatty acids were
associated with a moderately increased risk and that levels of trans
linoleic acids were associated with a markedly increased risk of
sudden cardiac death (31). The mechanism behind this finding can
theoretically be related to changes in the fatty acid composition of
muscle cell membranes (32). This affects the function of the ion
channels, which are important for the formation and propagation
of the electrical impulses in the cells, see Figure 7.
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It has also turned out that industrially produced trans fatty acids in
the diet, in comparison with saturated fat, lower plasma HDL chole-
sterol and reduce endothelial function in the vascular wall (33).
The endothelium is the innermost cell layer in the vessels in direct
contact with the blood. Its function is among other things to provide
protection against thrombosis and to regulate the blood supply to the
tissue. Endothelial dysfunctions are probably the first stage in the
development of cardiac arteriosclerosis.

Figure 7
The drawing illustrates how trans and cis unsaturated fatty acids in the cell
membrane change the configuration of the ion channel protein, indicated
by changes in the dotted black line. Such changes may be important for
major cell functions. Modified in accordance with (32).

1.1.4 Industrially produced trans fatty acids versus
trans fatty acids from ruminants
The epidemiological studies published to date do not permit any
definite conclusions about differences in the associations between
the risk of heart disease and the intake of industrially produced trans
fatty acids and trans fatty acids from ruminants. However, the largest
epidemiological study, the Nurses’ Health Study, showed a signifi-
cant, positive association with the intake of industrially produced
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trans fatty acids and a non-significant, inverse association between
the intake of trans fatty acids from ruminants and the risk of heart
disease (6). The same pattern was found in the Finnish Alpha-
Tocopherol, Beta-Carotene Cancer Prevention Study, in which the
increased risk of cardiac death was found to be positively associated
with total trans fatty acids as well as elaidic acid and trans fatty acids
from hydrogenated vegetable fat, but not with trans fatty acids from
ruminants, in connection with which a slightly insignificant,
negative association was found (12).

In the much smaller Zutphen Elderly Study, there was no difference
in the associations between the risk of heart disease and either trans
fatty acids from ruminants or industrially produced trans fatty acids
(14), while this was not clarified in the American Health Profession-
als Follow-up Study (11).

In a substudy of the so-called Framingham study comprising 832
men who were free of heart disease at the start of the study and who
were followed up for 21 years, a significant, moderate, increased risk
of heart disease associated with margarine intake was found. Over
the last 10 years of the study period, a 10% increased risk of heart
disease was found for every extra daily teaspoonful of margarine con-
sumed by the participants. The risk for those eating most margarine
was virtually twice that in those who did not consume any (34).

Since 1994, epidemiological and mechanism studies have provided
further evidence that industrially produced trans fatty acids in the
diet increase the risk of heart disease. This finding is in line with
the conclusion of a comprehensive report published by the National
Academy of Science, Institute of Medicine in July 2002, recom-
mending that the intake of trans fatty acids should be as low as
possible (35). This report does not differentiate between industrially
produced trans fatty acids and trans fatty acids from ruminants.

1.2 Trans fatty acids early in life
Based on results from animal studies, it was previously assumed
that trans fatty acids do not cross the placenta, and that the foetus is
therefore protected against trans fatty acids (3). More recent studies
on humans have shown, however, that trans fatty acids are transferred
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to the foetus, as they were found in the same levels in the blood of
newborn infants as in that of mothers (36, 37).

Both the foetus and the breast-fed baby are consequently exposed to
trans fatty acids corresponding to the mother’s intake. Dietary trans
fatty acids can in part compete with essential polyunsaturated fatty
acids in the body. In animal experiments, a high intake of industri-
ally produced trans fatty acids inhibits the formation of long-chain
polyunsaturated fatty acids (LCPUFAs) from their precursors (38).
In theory, something similar may apply in humans (39). LCPUFAs
are important for both growth and the development of vision and
the central nervous system early in life.

The amount of trans fatty acids that must be supplied before the
synthesis of LCPUFAs is affected is, however, unknown.

In 1992, a study of premature babies was published which found a
negative correlation between birth weight and trans fatty acid levels
in plasma 4 days after birth (39). In a study published in 2001, Elias
and Innis showed that trans fatty acid levels including CLA in the
umbilical blood of 84 neonates reflected the mother’s levels of trans
fatty acids in the blood and thus the mother’s trans fatty acid intake.
At the same time, the pregnancy period was found to be shorter in
mothers the higher the trans fatty acid level in the infant’s blood
(37). The authors further showed that there was an inverse relation-
ship in the infants’ blood between trans fatty acids and polyunsatu-
rated fatty acids, which is also shown in other studies (40).

n-3 fatty acids from fish oils prolong pregnancy (41), while trans
fatty acids appear to shorten it. This might take place by the same
mechanism as described for the heart’s tendency for arrhythmia. n-3
fatty acids inhibit the contraction in uterine cells by virtue of an
effect on the ion channels of these cells, thus prolonging pregnancy.
Trans fatty acids may have the opposite effect.

In a study by Hornstra published in 2000, it was concluded that
since the mother’s intake of trans fatty acids is negatively associated
with levels of polyunsaturated fatty acids in the blood of newborn
infants, it is advisable to minimise the intake of trans fatty acids
during pregnancy (42). The same conclusion is not reached in a
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review by MC Craig-Schmidt (43) dating from 2001, which recom-
mends a number of studies of the possible harmful effect of industri-
ally produced trans fatty acids on infants before deciding whether
to offer advice on the intake of trans fatty acids by pregnant women.
The Danish Nutrition Council is of the opinion that a justified suspi-
cion of harmful effects of this kind is an adequate basis for advice.

A surprising observation from 1998 is the finding of an association
between a high intake of trans fatty acids and the risk of preeclamp-
sia (44). In this study, trans fatty acid intake was estimated via the
trans fatty acid content of the cell walls of red blood cells. Women
who developed preeclampsia had approximately 30% higher trans
fatty acid levels in red blood cells than women who did not develop
this disorder.

All in all, it is still uncertain whether trans fatty acids have negative
consequences early in life, but there is a justified suspicion that this
may be the case.

1.3 Trans fatty acids and cancer
In the so-called EURAMIC study dating from 1997, the association
between trans fatty acid levels in adipose tissue and the incidence of
cancer of the breast, prostate and large intestine was investigated in
European populations with wide differences in dietary levels of trans
fatty acids. A positive association was found between trans fatty acid
intake and the incidence of cancer of the breast and large intestine
(45, 46).

A smaller study concerning the association between the prognosis for
breast cancer and adipose tissue levels of trans fatty acids showed a
negative association between trans fatty acids and the incidence of
lymph node metastasis (47), but the study did not reveal an associa-
tion between trans fatty acids and survival.

In a case control study of polyps in the large intestine and trans fatty
acid intake conducted in about 500 index subjects and 500 controls,
no association was found between self-reported intake of trans fatty
acids and the incidence of this condition, which predisposes to
intestinal cancer (48).
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In another case control study investigating the association between
trans fatty acids and cancer of the large intestine in 2000 patients and
2000 controls, signs of an increased risk of cancer related to
the intake of trans fatty acids in subgroups of these patients were
found (49).

In the Netherlands Cohort Study on Diet and Cancer, which
comprised 941 cases of breast cancer, a weak, positive relationship
between CLA intake and incidence of breast cancer was found from
the use of data from the TRANSFAIR study (50).

In the Danish Nutrition Council’s report from 1994, it was con-
cluded that there was no evidence that dietary levels of trans fatty
acids had any carcinogenic effect. Studies published since 1994 do
not warrant revising this conclusion, but provide a basis for contin-
ued watchfulness of this possibility.

1.4 Trans fatty acids and allergy
The increased incidence of hay fever, atopic disorders and asthma in
Europe is associated with the spread of the Western lifestyle (51). In
an international study of asthma and allergies in childhood (ISSAC)
from 1998, the incidence of asthma, allergic cold and asthmatic
eczema in children aged 13-14 years was investigated in 155 centres
around the world. A positive association was found between the
intake of trans fatty acids and these diseases. Such an association was
not observed for the intake of monounsaturated and polyunsaturated
fatty acids (52, 53).

The above-mentioned results do not allow any conclusion concern-
ing recommendations for dietary levels of trans fatty acids in relation
to the incidence of allergic diseases, but provide a basis for further
studies.

1.5 Trans fatty acids and diabetes
Analysis of the Nurses’ Health Study after 14 years’ observation
showed that the risk of the development of type 2 diabetes was
associated with trans fatty acid intake (54). The authors concluded
that as the intake of industrially produced trans fatty acids in the USA
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is on average 3 per cent energy, a reduction in trans fatty acid intake
of 2 per cent energy could reduce the incidence of type 2 diabetes by
40% if the fats containing the trans fatty acids were consumed in
their original unhydrogenated form. It was not possible, however, to
find such an association in either the Iowa Women Study (55) or the
Health Professionals’ Study (56).

The administration of a high-fat meal of variable fatty acid composi-
tion, elaidic acid (9trans-18:1) compared with oleic acid (9cis-18:1)
gave rise to higher insulin levels in the blood at the same blood sugar
level, which indicates that elaidic acid produces increased insulin
resistance (57). That trans fatty acids in in vivo and in vitro studies
affect insulin sensitivity and secretion – see also below under CLA –
supports the hypothesis of a diabetes-promoting effect of trans fatty
acids (58, 59). The mechanism underlying this effect may be of the
same nature as the previously mentioned effect of trans fatty acids on
cell membrane ion channels.

The Nurses’ Health Study is of much greater strength than the two
prospective studies referred to above, and so the observed association
between the intake of trans fatty acids and the development of type 2
diabetes compared with the mechanism studies described leads to a
justified suspicion that a high intake of trans fatty acids increases the
risk of the development of type 2 diabetes.

1.6 Trans fatty acids and excess weight
Industrially produced trans fatty acids and trans fatty acids from
ruminants contain calories in the same quantities as other edible fats.
On the face of it, there is therefore no reason why trans fatty acid
should have a special effect on excess weight.

A special group of trans fatty acids, known as conjugated linolic acids
(CLAs), which is linolic acid with conjugated double bonds, one of
which is in a cis and the other in a trans configuration, constitutes
less than 10% of trans fatty acids from ruminants, but they are also
present in small levels in industrially produced, partially hydrogen-
ated fat. The average daily intake of CLA in Denmark is of the order
of 100-300 mg (60, 61). These fats have been the subject of a
number of studies investigating their possible effect on the body’s
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distribution of fatty and fat-free mass. A review of 28 publications
from 1999 to 2002, including animal and human studies, reveals
conflicting results that do not allow for conclusions to be drawn
about a positive impact on human body composition even with
intakes of up to 7 grams CLA per day. A recent Swedish study
indicates that certain CLA isomers that are present only in very low
levels in ruminant fat increase the insulin resistance of men with
abdominal obesity (62). This is again an example of marked effects
on essential cellular functions exerted by the intake of a few grams of
specific fatty acids that might be due to the influence on the configu-
ration of the transport proteins and thus their function in the cell
membranes.
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Trans fatty acid levels
in the Danish diet

2.1 Average intake of trans fatty acids
compared with other countries
In 1995 and 1996, the so-called TRANSFAIR Study Group collected
up to 100 product samples in each of 14 European countries. The
product samples were chosen in such a way that they could be used
to calculate the population’s intake of fat, including trans fatty acids.
The product samples were analysed in the same laboratory, and trans
fatty acid intake was accordingly calculated on the basis of dietary
studies in the individual countries (63). Criticism was later levelled at
the method adopted in this study for the analysis of trans fatty acids.
The method was claimed to underestimate trans fatty acid intake
substantially (64).

Table 2 shows that in Denmark there was an intake of 2.6 grams of
trans fatty acids per day in adults, corresponding to the average for the
14 countries. This indicated that trans fatty acid intake in Denmark
had halved in the period 1991-1996. According to the study, 10% of
the population in Denmark consumed more than 3.9 grams of trans
fatty acids daily based on the product samples included in the study.
Based on data from Sweden, where the intake of trans fatty acids is
of the same order as in Denmark, it is estimated that about half the
average intake of 2.6 grams is accounted for by ruminant fat (65).

2.2 Margarine
The principal single source of trans fatty acids in the Danish diet was
previously margarine, both table margarines and the so-called bakery
and industrial margarines. In 1992, the Danish Veterinary and Food
Administration established a programme for margarine monitoring,
and in 1992, 1995, 1997 and 1999 it conducted a survey of the fatty
acid content of margarines on the Danish market (66).

2:
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trans fatty acid trans fatty acid previous trans fatty acid intake

country age % energy grams per day grams per day period

Iceland 19-64 2.0 5.4

Holland 19-64 1.6 4.3 10 1984-85

Belgium 18-63 1.4 4.1

Norway 19-64 1.5 4.0 8 1984-91

United Kingdom 0-75 + 1.3 2.8 7 1982

Denmark 19-64 1.0 2.6 5 1991

Sweden 19-64 1.1 2.6 7 1984

France 19-64 1.2 2.3

Germany 19-64 0.8 2.2 4 1991

Finland 25-64 0.9 2.1 3 1992

Spain 0-70 + 0.7 2.1 2 1988

Italy 1-80 0.5 1.6

Portugal 38 0.6 1.6

Greece 23-64 0.6 1.4

Table 2
Average daily intake of trans fatty acids in men and women in 14 European countries in 1996
(TRANSFAIR (62)) and corresponding results from previous periods.

The study from 1999 showed that levels of industrially produced
trans fatty acids in table margarines have fallen considerably from
levels found in the study conducted in 1995, in which only 42%
of the samples were free of industrially produced trans fatty acids
(i.e. less than 1%), whereas 88% were free of them in 1999 (66).
The average level of industrially produced trans fatty acids in table
margarines in 1999 was below 1%, while in 1996 it was around 3%.
Only a very few table margarines had levels of industrially produced
trans fatty acids exceeding 5% in 1999, with maximum levels of
9.7% being recorded (66).

On the other hand, the average level of industrially produced trans
fatty acids in bakery and industrial margarines had not changed;
however, 20% were free of trans fatty acids in 1999 as against none
in the study conducted in 1995.

In the 1999 study, only one margarine had a low level of industrially
produced trans fatty acids originating from hydrogenated fish oil.
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In the light of the Danish Nutrition Council’s established focus on the problem – 
including not least the publicity that the issue has had in the media – we have
managed to convince the company Hans Freitag that in future they should use only
a vegetable fat with a low trans fatty acid content.

The analysis of the vegetable fat now used, which has just been received, is attached
for your information.

If the Danish Nutrition Council so wishes, we would be happy to arrange for a sample
of the “new” product to be sent direct from the plant in Germany for your further
assessment.

For form’s sake, we would point out that, owing to the previous importer’s distribution,
there are still packs of the “old” type on the market.

We would like to thank you for your efforts in this matter and trust that you will be
happy with this development. We are of course available to respond to any additional
questions or comments that the Danish Nutrition Council might have in this matter.

Yours faithfully,

In the 1996 study, levels of such trans fatty acids were found in 9
table margarines and 7 bakery margarines. Trans fatty acids formed
by hydrogenation of fish oils may, owing to their greater chain
length (20 and above), theoretically be expected to have more
adverse effects than those based on vegetable oils (chain length of 18
and below). This configuration allows for effects on structural lipids
in the central nervous system, where it is the long-chain fatty acids
that dominate.

The results from the Danish Veterinary and Food Administration’s
studies (67, 68), compared with the results from the TRANSFAIR
study (63), indicate, with the methodological reservations mentioned
above (64), that the average intake of industrially produced trans fatty
acids was back in 1995 low in the Danish population, namely 1-2
grams per person per day. With the attention that has been given to
industrially produced trans fatty acids after the Danish Nutrition
Council’s reports (3, 4, 5), particularly in Denmark, it is likely that
the average intake of industrially produced trans fatty acids has fallen
further, see Figure 8.

Figure 8
Extract of a letter received by the Danish Nutrition Council from the
manufacturer of the assorted wafers that had a trans fatty acid content
of 18 grams per 100 grams of product, which was the highest among the
products included in the Danish Nutrition Council’s analysis.
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3 stk.

12.-

Vi bager efter
Deres hjerte

I bageriet er vi gået over til margarine uden skadelige
transfedtsyrer. Det er et valg, vi står temmelig alene
med, for det gør arbejdet som bager meget sværere.
Men som et lille supermarked prøver vi hårdere – vi vil 
jo så gerne have Dem som kunde.

Snegle 
Frit valg
18.00

Within our bakery, we have switched to
margarine without harmful trans fatty acids.
This is a choice on which we stand pretty much
alone as it makes baking a lot more difficult.
However, as a small supermarket we try harder –
after all, we want to have you as a customer.

Rolls            3 rolls
Free choice

We bake to
your heart’s desire

It should be mentioned in this connection that a number of bakers
have currently stopped using bakery margarines containing industri-
ally produced trans fatty acids and market bakery products free of
trans fatty acids.

Figure 9
From ISO’s advertisement, week 6, 2002, advertising for trans fatty
acid-free pastry products. ISO is a chain of supermarkets in Denmark.

2.3 Other sources of industrially produced
trans fatty acids

2.3.1 Snacks, cakes and confectionery
In connection with the drafting of the Danish Nutrition Council’s
report in 2001, 49 snack, cake and confectionery products were
purchased in November 2000 from 5 different supermarkets in the
Greater Copenhagen area.
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The collection exercise was purely random in nature, and the
products were purchased if the list of ingredients (see below) included
the following phrases:

“partially hydrogenated fat”
“hydrogenated vegetable oil”
“partially hydrogenated vegetable oil”
“hydrogenated vegetable fat”
“vegetable fat partially hydrogenated”
“vegetable oil and fat, partially hydrogenated”
“vegetable fat and hydrogenated vegetable oil”
“partially hydrogenated vegetable and animal fats”.

The manufacturers or distributors whose names appeared on the
products collected were then asked to answer a number of questions
about the product purchased by the Danish Nutrition Council and
to provide information on the trans fatty acid content of other
products produced and/or distributed by the company. The Danish
Nutrition Council also conducted an analysis of the trans fatty acid
content of the products purchased. 1)

Of 12 companies questioned, answers were received from 11. All in
all, the 11 firms provided information on 145 products and indicated
the trans fatty acid content of 119 products. Appendix 1 sets out the
products with a quoted trans fatty acid content and the content found
by the Danish Nutrition Council in the 49 products purchased.

The result of the analysis was as follows: 24 products contained less
than 1 gram of industrially produced trans fatty acids per 100 grams
of product, 11 had between 1 and 2 grams and 8 had more than 2
grams per 100 grams of product. Two of these 8 products had levels
of 7.4 and 18 grams per 100 grams of product, respectively (Appen-
dix 1). A partially hydrogenated fat with a trans fatty acid content of
more than 50% was used for the product with the highest level of
industrially produced trans fatty acids. The analysis demonstrates
that a wide range of snack, cake and confectionery products contain
industrially produced trans fatty acids, and that this content can vary
considerably.

1)  Analysis conducted by BioCentrum, Technical University of Denmark
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No regulations existed before June 2003 governing information on
levels of trans fatty acids in foodstuffs not claimed to be free of trans
fatty acids. In 2001, the Danish Nutrition Council conducted an
additional study of 31 food products purchased whose list of ingre-
dients did not contain any of the terms referred to above for indus-
trially hydrogenated fats, but only information on levels of vegetable
fat. These food products also contained trans fatty acids in very vari-
able amounts. Levels of trans fatty acids varied from 0 to 31 grams
per 100 grams of fat in the products, i.e. well above what could
originate from trans fatty acids from ruminants (Appendix 2)2).

As unconverted vegetable fat is often unsaturated, indications of
levels of vegetable fat in food products may be interpreted by the
consumer as a positive health message. Compared with saturated
fat, the studies indicate that, gram for gram, industrially produced
trans fatty acids increase the risk of heart disease considerably more
(tenfold). This finding highlights the need for regulation of levels of
industrially produced trans fatty acids in our food.

Only a few of the products analysed, which are indicated in Appen-
dices 1-2, contain so much industrially produced trans fatty acid that
normal consumption of the product in question may contribute
significantly to total trans fatty acid intake. The presence of products
with a high level of industrially produced trans fatty acids shows,
however, that producers had the opportunity to change and thus
significantly increase the trans fatty acid content of a particular
product if this is financially attractive without the change being
apparent from the labelling, which is the same whether the level is
low or high.

2.3.2 Microwave popcorn
In a similar way as for snacks, cakes and confectionery, the Danish
Nutrition Council has obtained information on the trans fatty acid
content of microwave popcorn (popcorn intended for preparation in
microwave ovens) from a number of manufacturers/distributors. The
Danish Nutrition Council has also commissioned an analysis of the
trans fatty acid content of a range of randomly selected products2).

2)  Analysis conducted by BioCentrum, Technical University of Denmark
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The results of these investigations are set out in Appendix 3.

This analysis shows that certain types of microwave popcorn have
levels of industrially produced trans fatty acids accounting for up to
40% of the fat content. A bag containing 10-30 grams of fat (corre-
sponding to one portion) may therefore contain about 10 grams of
industrially produced trans fatty acids.

It is estimated that 20-30 million bags of microwave popcorn are
sold annually in Denmark.

2.3.3 Fast food
The Danish Nutrition Council has become aware that deep-frying
fat in some of the large fast food chains’ products may contribute to
a very high intake of industrially produced trans fatty acids as a
number of these chains still use deep-frying fat with trans fatty acid
levels higher than 10%. In February 2001, the Danish Consumer
Council published a study of 24 different fast food products (69)
and found these to include a number containing high levels of
industrially produced trans fatty acids.

Following an inquiry by the Danish Nutrition Council to the
McDonald’s chain in Denmark, an agreement was concluded with
the latter under which the chain would declare the level of trans fatty
acids in various products in the form of tables in the so-called
McDonald’s Avis.

In addition, McDonald’s, Denmark submitted a declaration of intent
to reduce the trans fatty acid levels of the chain’s products with a
view to removing this type of fat completely over a number of years.

McDonald’s USA stated in September 2002 that levels of industri-
ally produced trans fatty acids in its deep-frying oil would be halved
by February 2003. America’s biggest producer of snack products
(Frito-Lay) also stated in September 2002 that from 2003 they
would be removing industrially produced trans fatty acids from their
most popular products.

The Danish Veterinary and Food Administration has recently
published the results of an analysis of 253 samples of cakes, choco-
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late and confectionery, cookies, pommes frites and frozen potatoes,
microwave popcorn and more plus 10 infant formulas and 8 baby
food products. The products were found among Danish importers
and producers. The investigation has taken place in the period of
October, 2002 – May, 2003.

All 18 infant formulas and baby food products had a content of trans
fatty acids less than 4% and thus satisfied the Danish order no 202
of 17.03.1997.

Among the remaining products 70 of 253 samples had a content
of trans fatty acids higher than 2%. Of these 22 had a content of
milk fat in the formula list. Among these were 11 with a content of
trans fatty acids of 2-5% of the fat which possibly comes from the
milk fat alone. However, 11 of these contained >5% trans fatty acids
and as high as 40% trans fatty acids which must come from hydro-
genated fat.

Specially soft caramels, cookies, fruit spread, cakes (except industri-
ally produced hole cakes), frozen potatoes and ready to eat pommes
frites were remarkable with a high content of trans fatty acids and
often also a high content of fat.

While the Danish Margarine Industry voluntarily has managed to
reduce the content of trans fatty acids in retail margarines to about
zero, other food products on the Danish food market were still
found to contain quite high amounts of trans fatty acids (70).

2.3.4 A special dietary choice, rich in industrially
produced trans fatty acids
A doughnut can contain 3.2 grams of industrially produced trans
fatty acids and a large portion of French fries 6.8 grams (71). A bag
of popcorn, a doughnut and a large portion of French fries can there-
fore together contain around 20 grams of industrially produced trans
fatty acids.

A similar meal consisting of 100 grams of biscuits (10 grams of trans
fatty acids), a large “chocolate bar” (3 grams of trans fatty acids) and
a bag of microwave popcorn (10 grams of trans fatty acids) could in
the same way contribute over 20 grams of industrially produced
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trans fatty acids. Other similar examples can be easily combined
from the data collected.

Figure 10

A special dietary choice, rich in trans fatty acids.

In the light of the above, it is therefore likely that certain population
groups, including pregnant women, are unknowingly consuming
high levels of industrially produced trans fatty acids regularly.

Such eating habits, which are certainly not uncommon, may in a
single day average an industrial trans fatty acid intake many times
the average daily level in Denmark. If such food is consumed rarely,
the level of trans fatty acids consumed is probably of little biological
importance.

If such food is consumed several times a week, the average daily
intake of industrially produced trans fatty acids over months or years
may be on a scale that increases the risk of heart disease considerably
and may cause other health problems.

It should be pointed out in this connection that organic food is not
allowed to contain chemically modified fats or oils, and is therefore
free of industrially produced trans fatty acids (72).

A doughnut 3.2 grams of trans fatty acids

A large portion of French fries 6.8 grams of trans fatty acids

A bag of microwave popcorn 10 grams of trans fatty acids

Total 20 grams of trans fatty acids

100 grams of biscuits 10 grams of trans fatty acids

A large chocolate bar 3 grams of trans fatty acids

A bag of microwave popcorn 10 grams of trans fatty acids

Total 23 grams of trans fatty acids
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2.4 Summary
The margarine industry is achieving the objectives laid down in the
Danish Nutrition Council’s report from 1994 concerning levels of
industrially produced trans fatty acids in Danish table margarines.
The aim is a level of industrially produced trans fatty acids of less
than 2%. Bakery and industrial margarines still contain concentra-
tions above the desired level, however, even if monitoring studies
clearly show that products of this kind that are low in trans fatty
acids can be produced. The changes have led to a marked reduction
in the average trans fatty acid intake in the population since 1994.
People making dietary choices that differ from the statistical average
may, however, still consume industrially produced trans fatty acids
from partially hydrogenated oils on a scale that gives rise to unneces-
sary health risks.
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Legislation relating
to the level of industrially
produced trans fatty acids
in food

3.1 Denmark

Rules on the listing of ingredients in food
The rules on the listing of ingredients are contained in the Labelling
Order (73). The Order contains provisions implementing, among
other things, parts of Directive 2000/13/EC of the European Parlia-
ment and of the Council (74).

The provisions of the Labelling Order relating to the listing of
ingredients relate only to prepackaged foodstuffs. A prepackaged
foodstuff must as a rule always have a list of ingredients specifying all
the ingredients incorporated in the foodstuff at the production stage.
The term ‘ingredient’ is understood to mean any raw material,
including additives, used in the production or preparation of a
foodstuff and which is still present in the finished product, possibly
in modified form. If an ingredient of a foodstuff itself is a product of
several ingredients (constituents), each ingredient (constituent) must
in principle appear in the list of ingredients. See Figure 11.

The ingredients in the list of ingredients must appear in descending
order of weight. The ingredient present in the greatest amount must
therefore appear first.

An ingredient must normally be designated by its specific name.
The name may be laid down in legislation, for example in the form
of a product standard or according to standard practice. If there is
no generally known name, a descriptive name must be used that is
suitable for identifying the ingredient.

3:
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Figure 11

Examples of lists of ingredients for food products purchased from a Danish chain of stores.
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▲
▲

▲
▲

GB  ·  WAFER WITH NOUGAT CREAM AND MILK CHOCOLATE  ·  Ingredients: sugar,
wheat flour, hydrogenated vegetable fat, cocoa butter, hazelnuts 9.8%, cocoa mass,
skimmed milk powder, whey powder, lactose, butterfat, whey product, low-fat cocoa
powder, milk powder, emulsifier (lecithins), flavouring, invert sugar syrup, salt,
raising agent (sodium hydrogen carbonate). Made in Germany. Keep cool and dry.
Use by: see date on side.

GB  ·  CHOKO PLESKNER: BISCUITS WITH COCOA BASE (26%)
Net weight: 200 g.
Ingredients: Wheat flour, sugar, margarine (partially hydrogenated vegetable fat,
water, salt, milk protein, lactose, emulsifiers (E471, E322), acidity regulator: citric acid;
flavouring), partially hydrogenated vegetable fat, whole eggs, low-fat cocoa (3%),
full-cream milk powder, raising agents (E450, E500), emulsifier (E322), flavouring:
vanilla.
Storage: Dry and cool. After opening, the biscuits are best stored by folding
over the top of the bag and, where appropriate, sealing it with a clip.
Use by: See side of bag.

MARZIPAN CAKE

275 g
Ingredients: sugar, margarine (partially hydrogenated vegetable fats),
pasteurised eggs, wheat flour, wheat starch, glucose, hydrogenated vegetable fat,
low-fat cocoa (2%), salt, full-cream milk powder, flavouring: vanilla, bitter almond.
Added: emulsifiers (E471, E322, E492), raising agents (E450, E500), acidity regulator
(citric acid), preservative (E202).
Use by: 20.01.03
Coronet Cake Company ApS, 4130 Viby Sj.

GB  ·  CHOCOLATE SWISS ROLL –

CHOCOLATE SWISS ROLL WITH VANILLA-FLAVOURED CREAM

Ingredients: vanilla-flavoured cream 33.3% (partially hydrogenated vegetable
oil and vegetable oil, glucose syrup, lactose, emulsifier: E471; vanilla flavouring),
wheat flour, sugar, pasteurised eggs, glucose syrup, low-fat cocoa powder 2%,
lactose, stabilisers: E420, E422; emulsifiers: E471, E475; milk powder, white Vekao
icing (contains emulsifier: E322), raising agents: E450, E500; salt, vanilla flavouring,
cocoa flavouring, acid: E260, citric acid. This product may contain traces of nuts.
After opening, use by: 5 days in sealed packaging. Produced 13 weeks before the
use-by date.
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For a number of categories of ingredients, including refined oil and
refined fat, a category name can be used instead of the specific name
of the ingredient.

The precise wording of the category names is laid down in the
Labelling Order. Only the category names listed in the Order may
be used.

The above-mentioned rules on category names mean, among other
things, that refined oil, apart from olive oil, may, instead of the
specific name – for example, “rape seed oil” – only be designated as
“oil” supplemented by either the designation “vegetable”/“plant” or
“animal” or an indication of the specific vegetable or animal origin.
The designation “hydrogenated” must furthermore accompany the
indication of a hydrogenated oil.

Nutrition labelling in the EU, including Denmark
Rules governing nutrition labelling are contained in the “Order on
nutrition labelling, etc. for prepackaged foodstuffs” (75). The Order
contains provisions implementing Council Directive 90/496/EEC
(76).

The term “nutrition labelling” is understood to mean any informa-
tion on the packaging concerning the content of the foodstuff in
terms of:
1) energy
2) protein
3) carbohydrate
4) fat
5) fibre
6) sodium
7) certain specifically indicated vitamins and minerals.

The provision of nutrition labelling is in principle voluntary, but if a
nutrition claim is used, nutrition labelling is mandatory.

The term ‘nutrition claim’ is understood to mean any indication on
the packaging, in the presentation or in advertising that is liable to
give consumers the impression that a food product has a specific
nutritional characteristic in terms of energy or nutrients.
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If one wants to provide nutrition labelling voluntarily, there are two
options:

1.   “The short one”, which contains information on the food’s total
content of: energy, protein, carbohydrate and fat
or
2. “The long one”, which contains information on the food’s total
content of: energy, protein, carbohydrates, sugars, fat, saturated fats,
fibre and sodium.

Both “the short” and “the long” nutrition labelling can be supple-
mented by information on: sugar, alcohol, starch, monounsaturated
fatty acids, polyunsaturated fatty acids, cholesterol and certain
specifically indicated vitamins and minerals.

It follows from the Order’s definition of saturated, unsaturated and
polyunsaturated fatty acids that fatty acids with the trans double
bond cannot be declared as any of these, but the trans fatty acids are
a part of total fat. The trans fatty acid content must therefore be
specified in the nutrition labelling where a nutrition claim is made
with regard to trans fatty acids.

Where a nutrition claim is made with regard to trans fatty acids, the
labelling may, so far as fats are concerned, assume the following form:

fat ■ gram/100 gram product

of which
saturated fatty acids ■ %

monounsaturated fatty acids ■ %

polyunsaturated fatty acids ■ %

trans fatty acids. ■ %

A change in the Order referred to above will require a change in the
EU Directive. Denmark cannot on its own initiative change the rules
for nutrition labelling, including introducing compulsory declaration
of trans fatty acids.

The Commission has announced that the Directive on nutrition
labelling will soon be amended.



The influence of trans fatty acids on health

50

Order on trans fatty acid levels
The Danish Veterinary and Food Administration has in recent years
formulated a number of draft Orders designed to reduce levels of
industrially produced trans fatty acids in fats and processed products.

These draft Orders have been circulated for comment to interested
parties in the private and public sectors. In the light of the answers
received from this consultation exercise and a political desire for the
rapid phasing-out of industrially produced trans fatty acids from food
products,  a draft text  was forwarded to the EU Commission in June
2002. After several consultations and a number of changes in the
draft, the Danish government announced the final order March 11,
2003. The text of the final order is shown below.

Order on the content of trans fatty acids in oils and fats etc.
The following is laid down pursuant to Section 13, Section 55,
subsection 2 and Section 78 subsection 3 of Act No 471 of 1 July
1998 on foodstuffs etc. (Foodstuffs Act):

Chapter 1 . Scope
Section 1. This Order applies to oils and fats, including emulsions

with fat as the continuous phase which, either alone or as
part of processed foodstuffs, are intended, or are likely, to
be consumed by humans.

Subsection 2. The Order does not apply to the naturally occurring
content of trans fatty acids in animal fats or products
governed under other legislation.

Subsection 3. The Order only applies to products sold to the final
consumer.

Section 2. It is prohibited to sell the oils and fats covered by the
Order to consumers if they contain a higher level of the
trans fatty acids defined in the Annex than that stated in
Section 3.

Section 3. As from 1 June 2003, the content of trans fatty acids in
the oils and fats covered by this Order must not exceed 2
grams per 100 grams of oil or fat, cf. however subsection
2.

Subsection 2. From 1 June 2003 until 31 December 2003 the oils and
fats covered by this Order and included in processed
foodstuffs which also contain ingredients other than oils
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and fats and which are produced by the foodstuffs
industry, in retail outlets, catering establishments,
restaurants, institutions, bakeries etc. may, however,
contain up to 5 grams of trans fatty acids per 100 grams
of oil or fat.

Section 4. In products which are claimed to be “free from trans fatty
acids”, the content of trans fatty acids in the finished
product shall be less than 1 gram per 100 grams of the
individual oil or fat.

Chapter 2 .  Penalty provisions etc.
Section 5. A fine shall be imposed on anyone who contravenes

Section 2 or Section 4 of this Order.
Subsection 2. The penalty may increase to imprisonment for up to two

years if the contravention was committed wilfully or
through gross negligence, and the contravention

1) caused damage to health or led to the risk thereof, or
2) resulted in, or was intended to result in, financial gain

for the perpetrator themselves or for others, including as a
result of savings made.

Subsection 3. Criminal liability may be incurred by companies etc.
(legal entities) in accordance with the rules of Chapter 5
of the Penal Code.

Section 6. This Order shall enter into force on 31 March 2003.
Subsection 2. Products manufactured before this Order has entered into

force, as well as products manufactured within the
periods stated in Section 3(2), may be sold until expiry of
the best before date.

Definition of trans fatty acids
For the purposes of this Order, trans fatty acids are defined as the sum of all
fatty acid isomers with 14, 16, 18, 20 or 22 carbon atoms and one or more
trans double bonds, i.e. C14:1, C16:1, C18:1, C18:2, C18:3, C20:1, C20:2, C22:1,
C22:2 fatty acid trans isomers, but only polyunsaturated fatty acids with
methylene interrupted double bonds.

Figure 12 illustrates how the phasing-out of industrially produced
trans fatty acids has been gradually advanced in the various draft
Orders and how the phasing out takes place in the final Order.
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up to 60%

up to 60% 15% 10%

5%

first order – 1996 and reintroduced july 2001

up to 60%

up to 60%
5%

2.5% 1%
1%

second order – september 2001

up to 60%

up to 60%
5%

2.5% 1%
1%

third order – march 2002

up to 60%

up to 60%
5%

2.5% 1%
1%

fourth order – june 2002

01.09.02                                                                               01.09.04

01.09.02               01.03.03                                                                                                            01.03.06

01.09.02                01.03.03                          01.03.04

01.09.02                01.03.03             31.12.03

2%
2%

fifth and final order – march 2003

01.06.03 31.12.03

5%

up to 60%

up to 60%

■  pure fat for the consumer (margarine)
■  fat in processed foods (cakes, popcorn)

Figure 12

Phasing-out of industrially produced trans fatty acids in accordance
with draft Orders and final Order.
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3.2 Canada and the US
January 1, 2003 Canada as the first country in the world introduced
a labelling of the content of trans fatty acids (77). July 11, 2003 the
Food and Drug Administration (FDA) in USA published its regula-
tions on nutrition labelling. These require that trans fatty acids be
declared in the nutrition label of conventional foods and dietary
supplements on a separate line immediately under the line of the
declaration of saturated fatty acids, to be effective by January 1,
2006 (78). FDA has decided not to distinguish between industrially
produced trans fatty acids and trans fatty acids of ruminant origin.
Consequently dairy products will be labelled with content of trans
fatty acids.

The FDA has stated that, with the new labelling rules, it hopes to
help give the population a way of following the recommendations
from the report issued by the Institute of Medicine (34) on reducing
the intake of trans fatty acids as much as possible.

The American position is that the population is entitled to informa-
tion on the conditions to which it is exposed, including the composi-
tion of food. A cautious approach is, on the other hand, adopted on
restrictive intervention by the authorities. The Danish position is the
opposite, namely that the authorities should, via statutory instru-
ments, ensure for example the safety of food at the production stage
so that the safety of the chosen diet is not based on the individual
consumer’s ability to interpret any information on the content of the
food that may be difficult to understand.
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Conclusion

4.1 Trans fatty acids and disease
The Danish Nutrition Council has, in the light of the scientific
studies that have appeared since the publication of the report on the
influence of trans fatty acids on health in 1994, assessed the health
significance of trans fatty acid levels in the diet of the Danish popula-
tion.

The adverse effect of a high intake of industrially produced trans
fatty acids on the development of heart disease has been further
documented in the intervening period. Gram for gram, industrially
produced trans fatty acids appear to have an adverse effect on the
development of heart disease that is more than 10 times greater than
that of saturated fat.

So far as the effect of trans fatty acid intake early in life is concerned,
a justified suspicion of an adverse influence has been further
confirmed.

In relation to the effect of trans fatty acid intake on the development
of cancer, no overall data yet exists that allows conclusions to be
drawn concerning an effect on the development of this disease.

Data has been obtained that justifies further research on the relation
between allergic disorders and the dietary intake of trans fatty acids.

More recent studies have led to a justified suspicion that trans fatty
acids increase the risk of the development of type 2 diabetes.

There is therefore, all in all, a justified suspicion that trans fatty acids
exert an adverse influence on health, and there is nothing to indicate
that ceasing the use of industrially produced trans fatty acids in food
would have negative consequences for health, and it is also the

4:
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Danish Nutrition Council’s view that this would not impair the
quality of food either.

There is very little data on the influence of trans fatty acids from
ruminants on the aspects referred to above. The available data
indicates, however, that trans fatty acids from ruminants, particularly
so far as the risk of heart disease is concerned, do not have the same
adverse effect as industrially produced trans fatty acids.

4.2 Intake of trans fatty acids in Denmark
Studies show that the average daily intake of trans fatty acids in
Denmark has fallen since 1994 and was in 1996 less than 3 grams per
person, of which about half originated from industrially produced,
partially hydrogenated fat. The intake of industrially produced trans
fatty acids seems still to be falling. Nevertheless, population groups
with dietary choices differing from the statistical average may very
probably often be consuming significant amounts of industrially
produced trans fatty acids.

The data collected on trans fatty acid levels in various products
demonstrates that producers can incorporate considerable levels of
industrially produced trans fatty acids in these products without this
being apparent from the list of ingredients. A number of products
containing partially hydrogenated fat produced abroad may contain
levels of trans fatty acid far in excess of the amounts present in fats
produced in Denmark.
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Recommendations
In the light of the Danish Nutrition Council’s reports on trans fatty
acids from 1994, 2001, 2003, and the present update, the Danish
Nutrition Council recommends the following:

1. That industrially produced trans fatty acids should not be used
in food.

2. That the use of industrially produced trans fatty acids in food
should be phased out as soon as possible.

5:
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Glossary

Association Coincidence (statistical).

Atopic disorders Skin disorders probably due to hypersensitivity.

Biopsy Sample of tissue removed.

Cis fatty acids The natural way in which double bonds exist in the carbon chains
of unsaturated fatty acids.

CLA Conjugated linolic acid. Trans fatty acids of differing chemical
configuration, containing a trans and a cis bond. These two bonds
are only separated by a carbon atom (conjugated).

Confidence interval A calculated range of certainty for an average in which the true
average will lie with 95% certainty.

Hydrogenated fat Unsaturated fat (oil) technically converted to a (partially)
saturated product.

Intervention studies Studies in which lots are drawn among the trial subjects to
determine who is to have one type of treatment, for example a
particular diet, and who is to have the other.
In this way, it is ensured in major studies that the intervention
(the diet) is the only difference between the two groups.
The amenability to generalisation of an effect found in an
intervention study presupposes that the effect is independent of
the restrictions applied in the selection of the trial subjects.

LDL Low Density Lipoprotein. Carries what is known as bad cholesterol.
The lowering of LDL in the blood means, all other things being
equal, a reduction in the incidence of arteriosclerosis.

6:



The influence of trans fatty acids on health

60

Lipids Fats.

Lipoproteins Fat-carrying particles in the blood (LDL, VLDL, HDL and
Lp(a)), which each contain cholesterol, phospholipid, triglyceride
and protein.

Lp(a) A special group of LDL particles that possibly promotes
(pronounced Lp little a) arteriosclerosis.

Mechanism studies Studies in test tubes, on cells or in animals concerning the
physiological and/or biochemical processes that may give rise to the
effects observed in the observational studies and in the intervention
studies.

Observational studies In follow-up studies, the starting point adopted is the exposure
status, for example in the exposure to a given dietary component
and disease or disease experience in the groups that have been
more or less exposed to the component in question.
In case control studies, the starting point adopted is a group
of patients whose exposure situation, for example to a dietary
component, is compared with the exposure situation in a random
sample from the underlying population from which the patients
are drawn.
In observational studies, both in follow-up studies and in case control
studies, there is a possibility that the groups that have themselves
chosen a particular exposure, for example a specific diet, also differ
in areas other than diet that are equally or more significant.

Trans fatty acids Usually polyunsaturated fatty acids which, during the hydrogenation
of oils, have received double bonds in an “unnatural” position.
Hydrogenation takes place by technical means, but also to a certain
extent in the rumen of ruminants.

VLDL Very Low Density Lipoprotein. Promotes arteriosclerosis.



61

Bibliography
1. Sampugna J et al. Rapid analysis of trans fatty acids on SP-2340 glass

capillary columns. J Chromastogr 1982; 249: 245-55.

2. Wahle KWJ, James WPT. Isomeric fatty acids and human health.
Eur J Clin Nutr 1993; 47: 828-39.

3. Stender S, Dyerberg J, Hølmer G, Ovesen L, Sandström B.
Transfedtsyrers betydning for sundheden. A report from the Danish
Nutrition Council. Publ. no. 2. Copenhagen 1994.

4. Stender S, Dyerberg J, Hølmer G, Ovesen L, Sandström B.
The influence of Trans Fatty Acids on Health: a report from the
Danish Nutrition Council. Clin Sci 1995;88:375-92.

5. Stender S, Dyerberg J. Trans fedtsyrers betydning for sundheden –
opdatering år 2001. A report from the Danish Nutrition Council.
Publ. no. 23. Copenhagen, 2001.

6. Willett WC, Stampfer MJ, Manson JE, Colditz GA, Speizer FE,
Rosner BA et al. Intake of trans fatty acids and risk of coronary heart
diseases among women. Lancet 1993; 341: 581-5.

7. Aro A, Kardinaal AF, Salminen I et al. Adipose tissue isomeric
trans fatty acids and risk of myocardial infarction in nine countries:
the EURAMIC study. Lancet 1995; 345: 273-8.

8. Aro A. Epidemiology of trans fatty acids and coronary heart disease in
Europe. Nutr Metab Cardiovasc Dis 1998; 8: 402-7.

9. Roberts TL, Wood DA, Riemersma RA, Gallagher PJ, Lampe FC.
Trans isomers of oleic and linoleic acids in adipose tissue and sudden
cardiac death. Lancet 1995; 345: 278-82.

10. Pedersen JI, Ringstad J, Almendingen K, Haugen TS, Stensvold I,
and Thelle DS. Adipose tissue fatty acids and risk of myocardial
infarction – a case-control study. Eur J Clin Nutr 2000; 54: 618-25.

7:



The influence of trans fatty acids on health

62

11. Ascherio A, Rimm EB, Giovannucci EL, Spiegelman D, Stampfer M,
Willett WC. Dietary fat and risk of coronary heart disease in men:
cohort follow up study in the United States. BMJ 1996; 313: 84-90.

12. Pietinen P, Ascherio A, Korhonen P, Hartman AM, Willett WC,
Albanes D, Virtamo J. Intake of fatty acids and risk of coronary
heart disease in a cohort of Finnish men. The Alpha-Tocopherol,
Beta-Carotene Cancer Prevention Study. Am J Epidemiol 1997 15;
145(10): 876-87.

13. Hu FB, Stampfer MJ, Manson JE, et al. Dietary fat intake and the
risk of coronary heart disease in women. N Engl J Med 1997; 337:
1491-9.

14. Oomen CM, Ocké MC, Feskens EJM, van Erp-Baart MJ, Kok FJ,
Kromhout D. Association between trans fatty acid intake and 10-year
risk of coronary heart disease in the Zutphen Elderly Study: a
prospective population-based study. Lancet 2001; 357: 746-51.

15. Thom TJ, Epstein FH. Heart disease, cancer, and stroke mortality.
Trends and their interrelations. An international perspective.
Circulation 1994; 90: 574-82.

16. Zegarska Z, Borejszo Z. Trans fatty acid content of some food
products in Poland. J Food Lipids 2001; 8: 271-9.

17. Ascherio A, Katan MB, Stampfer MJ, Willett WC. Trans Fatty Acids
and Coronary Heart Disease. Sounding Board. N Engl J Med 1999;
340(25): 1994-7.

18. Lichtenstein AH, Ausman LM, Jalbert SM, Schaefer EJ. Effects of
different forms of dietary hydrogenated fats on serum lipoprotein
cholesterol levels. N Engl J Med 1999; 340(25): 1933.

19. Katan MB, Zock PL, Mensink RP. Trans fatty acids and their effects
on lipoproteins in humans. Annu Rev Nutr 1995; 15: 473-93.

20. Dashti N, Feng Q, Freeman MR, Gandhi M, Franklin FA.
Trans Polyunsaturated Fatty Acids Have More Adverse Effects than
Saturated Fatty Acids on the Concentration and Composition of
Lipoproteins Secreted by Human Hepatoma HepG2 Cells.
J Nutr. 2002:132;2651-9.



63

21. Clevidence BA, Judd JT, Schaefer EJ, Jenner JL, Lichtenstein AH,
Muesing RA, Wittes J, Sunkin ME. Plasma Lipoprotein (a) Levels in
Men and Women Consuming Diets Enriched in Saturated, Cis-, or
Trans-Monounsaturated Fatty Acids. Arterioscler Thromb Vasc Biol
1997; 17: 1657-61.

22. Mauger J-F, Lichtenstein AH, Ausman LM, Jalbert SM, Jauhiainen
M, Ehnholm C, Lamarche B. Effect of different forms of dietary
hydrogenated fats on LDL particle size 1-3. Am J Clin Nutr 2003;
78: 370-5.

23. Stensvold I, Tverdal A, Urdal P, Graff-Iversen S. Non-fasting serum
triglyceride concentration and mortality from coronary heart disease
and any cause in middle aged Norwegian women. BMJ 1993; 307:
1318.

24. Jeppesen J, Hein HO, Suadicani P, Gyntelberg F. Low Triglycerides-
High High-Density Lipoprotein Cholesterol and Risk of Ischemic
Heart Disease. Arch Intern Med 2001; 161: 361-6.

25. Stampfer MJ, Sacks FM, Salvini S, Willett WC, Hennekens CH.
A prospective study of cholesterol, apolipoproteins, and the risk of
myocardial infarction NEJM 1991; 325: 373-81.

26. McLennan OL. Relative effects of dietary saturated,
monounsaturated, and polyunsaturated fatty acids on cardiac
arrhythmias in rats. Am J Clin Nutr 1993; 57: 207-12.

27. Christensen JH, Skou HA, Fog L, Hansen VE, Vesterlund T,
Dyerberg J, Toft E, Schmidt EB. Marine n-3 Fatty Acids, Wine
Intake, and Heart Rate Variability in Patients Referred for Coronary
Angiography. Circulation 2001; 103: 651-7.

28. Schmidt EB, Skou HA, Christensen JH, and Dyerberg J. n-3 fatty
acids from fish and coronary artery disease: implications for public
health. Public Health Nutrition, 1999; 3(1): 91-8.

29. Burr ML, Fehily AM, Gilbert JF, et al. Effects of changes in fat, fish,
and fibre intakes on death and myocardial infarction: Diet And
Reinfarction Trial (DART). Lancet 1989; 2: 757-61.



The influence of trans fatty acids on health

64

30. GISSI-Prevenzione Investigators. Dietary supplementation with
n-3 poly-unsaturated fatty acids and vitamin E after myocardial
infarction: results of the GISSI-Prevenzione trial: Gruppo Italiano
per lo Studio della Sopravvivenza nell’Infarto miocardico. Lancet
1999; 354: 447-55.

31. Lemaitre RN, King IB, Raghunathan TE, Pearce RM, Weinmann S,
Knopp RH. Cell membrane Trans-Fatty Acids and the Risk of
Primary Cardiac Arrest. Circulation. 2002; 105: 697-701.

32. Katz AM.Trans fatty acids and sudden cardiac death. Circulation
2002; 105: 669-71.

33. de Ross NM, Bots ML, Katan MB. Replacement of dietary saturated
fatty acids by trans fatty acids lowers serum HDL cholesterol and
impairs endothelial function in healthy men and women. Arterioscler
Thromb Vasc Biol 2001; 21: 1233-7.

34. Gillman MW, Cupples A, Gagnon D, Millen, BE, Ellison RC,
Castelli WP. Margarine Intake and Subsequent Coronary Heart
Disease in Men. Epidemiology 1997; 8: 144-9.

35. Letter Report on Dietary reference Intakes for Trans Fatty Acids.
National Academy Press  Washington 2002.

36. Berghaus TM, Demmelmair H, Koletzko B. Fatty acid composition
of lipid classes in maternal and cord plasma at birth. Eur J Pediatr
1998; 157: 763-8.

37. Elias SL,  Innis SM. Infant plasma trans, n-6, and n-3 fatty acids and
conjugated linoleic acids are related to maternal plasma fatty acids,
length of gestation, and birth weight and length. Am J Clin Nutr
2001; 73: 807-14.

38. Pax J, Douglass L, Sampugna J. Effects of linolenic and trans-fatty-
adics on neonatal survival of C57BL/6 Mice. J Nutr Biochem 1992;
3(7): 342-8.

39. Koletzko B. Trans fatty acids may impair biosynthesis of long-chain
polyunsaturates and growth in man. Acta Paediatr 1992; 81: 302-6.



65

40. Decsi T, Tjoonk HM, Molnar SZ, Wildeman JAL, Bakker RR,
Hadders-Algra M, Muskiet FAJ, Boersma ER. Trans fatty acids are
inversely related to arachidonic and docosahexaenoic acids and
positively related to mead acid in cord blood vessel lipids of term
infant. J Ped Gastroent Nutr 2001; 32: 395.

41. Olsen SF, Sørensen JD, Secher NJ, Hedegaard M, Henriksen TB,
Hansen HS, Grant A. Randomised controlled trial of effect of fish-oil
supplementation on pregnancy duration. Lancet 1992;339:1003-7.

42. Hornstra G. Essential fatty acids in mothers and their neonates.
Am J Clin Nutr 2000; 71(5): 1262S-9S.

43. Craig-Schmidt MC. Isomeric fatty acids: evaluating status and
implications for maternal and child health. Lipids 2001; 36:
997-1006.

44. Williams MA, King IB, Sorensen TK, Zingheim RW, Troyer BL,
Zebelman AM, Luthy DA. Risk of Preeclampsia in Relation to
Elaidic Acid (Trans Fatty Acid) in Maternal Erythrocytes. Gynecol
Obstet Invest 1998; 46: 84-7.

45. Bakker N, van’t Veer P, Zock PL, and the Euramic Study Group.
Adipose Fatty Acids and Cancers of the Breast, Prostate and Colon:
An Ecological Study. Int J Cancer 1997; 72: 587-97.

46. Kohlmeier L, Simonsen N, van ‚t Veer P, Strain JJ, Martin-Moreno
JM, Margolin B, Huttunen JK, Fernández-Crehuet Navajas J,
Martin BC, Thamm M, Kardinaal AFM, and Kok FJ. Adipose Tissue
Trans Fatty Acids and Breast Cancer in the European Community
Multicenter Study on Antioxidants, Myocardial Infarction, and
Breast Cancer. Cancer Epidemiol Biomarkers Prev 1997; 6: 705-10.

47. Petrek JA, Hudgins LC, Ho M, Bajorumas DR, and Hirsch J.
Fatty Acid Composition of Adipose Tissue, and Indication of Dietary
Fatty Acids, and Breast Cancer Prognosis. J Clin Oncol 1997;
15(49): 1377-84.

48. McKelvey W, Greenland S, Chen M-J, Longnecker MP, Frankl HD,
Lee ER, and Haile RW. A Case-Control Study of Colorectal
Adenomatous Polyps and Consumption of Foods Containing
Partially Hydrogenated Oils. Cancer Epidemiol Biomarkers Prev
1999; 8: 519-24.



The influence of trans fatty acids on health

66

49. Slattery ML et al. Trans -fatty acids and colon cancer. Nutr Cancer
2001; 39: 170-5.

50. Voorrips LE, Brants HAM, Kardinaal AFM, Hiddink GJ, van den
Brandt PA, and Goldbohm RA. Intake of conjugated linoleic acid,
fat, and other fatty acids in relation to postmenopausal breast cancer:
the Netherlands Cohort Study on Diet and Cancer. Am J Clin Nutr
2002; 76: 873-82.

51. von Mutius E, Weiland SK, Fritzsch C, Duhme H, Keil U.
Increasing prevalence of hay fever and atopy among children in
Leipzig, East Germany. Lancet 1998; 351: 862.

52. Weiland SK, von Mutius E, Hüsing A, Asher MI, on behalf of the
ISAAC Steering Committee. Intake of trans fatty acids and prevalence
of childhood asthma and allergies in Europe. Lancet 1999; 353:
2040-1.

53. The International Study of Asthma and Allergies in Childhood
(ISAAC) Steering Committee. Worldwide variation in prevalence of
symptoms of asthma, allergic rhinoconjunctivitis, and atopic eczema:
ISAAC. Lancet 1998; 351: 1225-32.

54. Salmeron J, Hu FB, Manson JE, Stampfer MJ, Colditz GA,
Rimm EB, Willett WC. Dietary fat intake and risk of type 2 diabetes
in women. Am J Clin Nutr 2001; 73: 1019-26.

55. Meyer KA, Kushi LH, Jacobs DR, Folsom AR. Dietary Fat and
Incidens of Type 2 Diabetes in Older Iowa Women. Diabetes Care
2001; 24: 1528-35.

56. van Dam RM et al. Dietary fat and meat intake in relation to risk of
type 2 diabetes in men. Diabetes Care 2001; 25: 417-24.

57. Bray GA, Lovejoy JC, Smith SR, DeLany JP, Lefevre M, Hwang D,
Ryan DH, York DA. The Influence of Different Fats and Fatty Acids
on Obesity, Insulin Resistance and Inflammation. J Nutr 2002; 132:
2488-91.

58. Christiansen E, Schnider S, Palmvig B, Tauber-Lassen E, Pedersen O.
Intake of a diet high in trans monounsaturated fatty acids or saturated
fatty acids. Effects on postprandial insulinemia and glycemia in obese
patients with NIDDM. Diabetes Care 1997; 20: 881-7



67

59. Alstrup KK, Gregersen S, Jensen HM, Thomsen JL, Hermansen K.
Differential effects of cis and trans fatty acids on insulin release from
isolated mouse islets. Metabolism 1999; 48: 22-9.

60. Reitzenthaler KL et al. Estimation of conjugated linoleic acid intake
by written dietary assessment methodologies underestimates actual
intake evaluated by food duplicate methodology. J Nutr 2001; 131:
1548-54.

61. Jiang J, Wolk A, Vessby B. Relation between the intake of milk fat
and the occurrence of conjugated linoleic acid in human adipose
tissue. Am J Clin Nutr 1999; 70: 21-7.

62. Ricerus U, Arner P, Brismar K, Vessby B. Treatment With Dietary
trans10cis12 Conjugated Linoleic Acid Causes Isomer-Specific Insulin
Resistance in Obese Men With the Metabolic Syndrome. Diabetes
Care 2002; 25: 1516-21.

63. van Poppel G (on behalf of the TRANSFAIR Study Group). Intake of
trans fatty acids in western Europe: the TRANSFAIR Study. Lancet
1998; 351: 1099.

64. Wolff RL, Precht D. A critique of 50-m CP-Sil 88 Capillary collums
used alone to assess trans-unsaturated FA in foold: the case of the
TRANSFAIR study. Lipids 2002; 37: 627-9.

65. Hulshof KFAM, van Erp-Baart M-A, Anttolainen M, Becker W,
Church SM, Couet C Hermann-Kunz E, Kesteloot H et al. Intake
of fatty acids in Western Europe with emphasis on trans fatty acids:
The TRANSFAIR study. Eur J Clin Nutr 1999; 53: 142-57.

66. Hansen K, Leth T. Overvågning af margarine. The Ministry of Food,
Agriculture and Fisheries, The Danish Veterinary and Food Adminis-
tration, Copenhagen 2000.

67. Danskernes Kostvaner 1985. Hvem spiser hvad? The Danish
Veterinary and Food Administration,  Copenhagen 1987.

68. Danskernes kostvaner 1995. Mad og måltider. The Danish Veterinary
and Food Administration, Copenhagen 1999.

69. Kleiner AH, Hansen, GL. Pizzaen er en bombe. Tænk +Test no. 11,
2001: 8-11.



The influence of trans fatty acids on health

68

70. Mikkelsen Aa E, Leth T. Transfedtsyrer i udvalgte fødevarer.
The Danish Veterinary and Food Administration. Report 2003:11.
Copenhagen 2003.

71. Litin L, Sacks F. Trans-fatty-acid content of common foods.
N Engl J Med 1993; 329: 1969-70.

72. Order on organic foodstuffs. Order no. 263 of  3 May 1999.

73. Order no. 741 of 9 August 2000 on the labelling, et. of foodstuffs as
amended by Order no. bekendtgørelse nr. 243 of 3 April 2001.

74. Directive 2000/13/EC of the European Parliament  and of the
Council of 20 March 2000 on the approximation of the laws of the
Member States relating to the labelling, presentation and advertising
of foodstuffs.

75. Order on nutrition labelling. Order no. 198 of 23. March 1992 on
nutrition labelling, etc. for prepackaged foodstuffs.

76. Council Directive  90/496EØF of 24. September 1990 on nutrition
labelling for foodstuffs.

77. Canada sets new nutrition labelling standards. Inform AOCS
2003;14: 57-104.

78. Federal Register Rules and Regulations. Food Labelling; Trans Fatty
Acids in Nutrition Labelling. Nutrient Content Claims and Health
Claims 2003; 60: 41433-41506.



69

Appendix 1

Information and analytical results relating to levels of
industrially produced trans fatty acids in selected products in
which partially hydrogenated fats are listed in the list of
ingredients.
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Appendix 2

Analytical results relating to levels of industrially
produced trans fatty acids in selected products in
respect of which partially hydrogenated fats are not
listed in the list of ingredients.
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Appendix 3

Analytical results relating to levels of industrially produced
trans fatty acids in microwave popcorn.
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