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Abstract

As nutrition-related chronic diseases have become more
and more frequent, the importance of dietary prevention
has also increased. Dietary fat plays a major role in human
nutrition, and modification of fat and/or fatty acid intake
could have a preventive potential. The aim of the guideline
of the German Nutrition Society (DGE) was to systematically
evaluate the evidence for the prevention of the widespread
diseases obesity, type 2 diabetes mellitus, dyslipoproteinae-
mia, hypertension, metabolic syndrome, coronary heart dis-
ease (CHD), stroke, and cancer through the intake of fat or
fatty acids. The main results can be summarized as follows:
it was concluded with convincing evidence that a reduced
intake of total and saturated fat as well as a larger intake of

polyunsaturated fatty acids (PUFA) at the expense of satu-
rated fatty acids (SFA) reduces the concentration of total and
low-density lipoprotein cholesterol in plasma. Furthermore,
there is convincing evidence that a high intake of trans fatty
acids increases risk of dyslipoproteinaemia and that a high
intake of long-chain polyunsaturated n-3 fatty acids reduces
the triglyceride concentration in plasma. A high fat intake
increases the risk of obesity with probable evidence when
total energy intake is not controlled for (ad libitum diet).
When energy intake is controlled for, there is probable evi-
dence for no association between fat intake and risk of obe-
sity. A larger intake of PUFA at the expense of SFA reduces
risk of CHD with probable evidence. Furthermore, there is
probable evidence that a high intake of long-chain polyun-
saturated n-3 fatty acids reduces risk of hypertension and
CHD. With probable evidence, a high trans fatty acid intake
increases risk of CHD. The practical consequences for current
dietary recommendations are described at the end of this
article. ©2015 S. Karger AG, Basel
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1 Introduction

The German Nutrition Society’s (DGE) evidence-based
guidelines for the prevention of selected nutrition-related
diseases reflect the current state of knowledge regarding
whether, and in what way, a nutritional factor can affect the
risk of disease. The evidence-based guideline ‘Fat Intake
and Prevention of Selected Nutrition-Related Diseases’
was the first German Nutrition Society’s guideline of its
kind and was revised in January 2015 [1].

Due to its significance in prevention, the guideline ex-
amined the association between the quantity and quality
of dietary fats and the risk of the following diseases:

o Obesity

« Type 2 diabetes mellitus

+ Dyslipoproteinaemia

« Hypertension

o Metabolic syndrome

 Coronary heart disease (CHD)

« Stroke

o Cancer
Due to capacity constraints, it was not possible to con-

sider all diseases for which fat intake may be relevant.

The issue of optimal fat intake has been discussed ever
since recommendations for health-promoting nutrition
were introduced, with the following properties of dietary
fats playing a key role:

- Dietary fats are important sources of energy, thereby
increasing the energy content and energy density of
foods.

- Dietary fats contain fatty acids of various chain lengths
and degrees of saturation which determine their dif-
ferent physical (melting point or fluidity of cell mem-
branes) and chemical (e.g. process of chemical reac-
tions) behaviour and their different biological func-
tions (e.g. effect on plasma cholesterol concentration
or effects derived from eicosanoids as metabolites of
n-3 and n-6 fatty acids). It is therefore assumed that
individual dietary fats may differently affect the risk of
various diseases.

- Dietary fats are sources of fat-soluble vitamins as well
as flavours and aromatics. They may also have a posi-
tive effect on the texture of food.

The revised guideline ‘Fat Intake and Prevention of
Selected Nutrition-Related Diseases’ will provide profes-
sionals, intermediaries and the media with the latest sci-
ence-based findings regarding the primary prevention of
nutrition-related diseases through an appropriate intake
of dietary fats.
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2 Methodological Approach

2.1 Key Question

The key question for the guideline was ‘How is the strength of
evidence for a potential causal relation between quantity and qual-
ity of dietary fat and incidence of obesity, type 2 diabetes mellitus,
dyslipoproteinaemia, hypertension, metabolic syndrome, CHD,
stroke, and cancer?’

2.2 Search Strategy

A systematic literature search was conducted with a primary
search focus on meta-analyses, systematic reviews and mono-
graphs. If these were not available, original papers on intervention
and cohort studies were searched for. Case-control and cross-sec-
tional studies were regarded as inappropriate evidence and were
therefore not considered. The starting point of the literature
search was the first version of the DGE guideline on fat intake; its
search results were complemented by the results of this current
search. The search period for original papers ranged from January
1, 2005 to June 30, 2012 (except for cancer, where single studies
from 2013 were taken into account). For meta-analyses, the search
was carried out up to October 27, 2014.

Only articles written in English or German were included. The
literature search was conducted in the PubMed (www.ncbi.nlm.
nih.gov/pubmed) and Cochrane (www.cochrane.org) databases
and by reviewing reference lists of reviews and original papers.

For the literature search, the following key words were used:

- Obesity: obesity, overweight, weight(s), weight-gain, weight-
maintenance, weight-control, weight-change, weight-loss,
weight-reduction, caloric intake, body fat, waist circumference,
energy intake, BMI, body mass index, body weight, obese, fat
distribution, energy density

- Type 2 diabetes mellitus: diabetes, insulin sensitivity, insulin re-
sistance, prediabetes, impaired glucose tolerance, impaired fast-
ing glucose, diabetic

- Dyslipoproteinaemia: dyslipoprotein(a)emia, dyslipid(a)emia,
hyperlipoprotein(a)emia, hypertriglycerid(a)emia, hyperlipid(a)
emia, hypercholesterol(a)emia, hypercholesterin(a)emia, serum
triglycerides, plasma triglycerides, serum lipids, plasma lipids,
serum cholesterol, plasma cholesterol, LDL, HDL, lipoprotein(s),
risk factor + cardiovascular, cholesterol(a)emic, hypercholesterol
(a)emic, hyperlipoprotein(a)emic, dyslipoprotein(a)emic, hyper-
lipid(a)emic, dyslipid(a)emic, biomarker + cardiovascular

- Hypertension: blood pressure, hypertension, hypertonia, hyper-
tensive

- Metabolic syndrome: metabolic syndrome, syndrome X, insulin
resistance syndrome, deadly quartet

- CHD: cardiovascular disease, atherosclerosis, arteriosclerosis,
CVD, coronary artery disease, coronary heart disease, CHD,
myocardial infarction
Stroke: stroke, ischemic, thrombotic, hemorrhagic, cerebrovas-
cular disease

- Cancer: cancer, tumor, adenoma, polyp(s)

The key words used for each disease were combined with the
following key words: fat, dietary fat, total fat intake, fatty acid, sat-
urated fat, unsaturated fat, monounsaturated fat, polyunsaturated
fat, cholesterol, n-3 fatty acid, omega-3 fatty acid, trans fat, CLA,
conjugated linoleic acid, eicosapentaenic acid, eicosapentaenoic
acid, docosahexaenic acid, docosahexaenoic acid, high-fat, low-fat.
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LOEI
Ia Meta-analyses of randomised controlled intervention studies
Ib Randomised controlled intervention studies
Ic Non-randomised/non-controlled intervention studies (if well-designed)
LOEII
. . . . ITa Meta-analyses of cohort studies
Fig. 1. Classification of levels of evidence IIb Cohort studies
(LOE).

Table 1. Criteria for judging the strength of evidence

Strength of evidence Criteria for strength of evidence

Convincing

There is a considerable number of prospective cohort studies and, if possible, randomised controlled

intervention studies of sufficient size, duration and quality with consistent results (at least 2 randomised
controlled intervention studies of the highest quality (LOE I); in case of methodological weaknesses or
cohort studies only: at least 5 studies). Ideally, a recent meta-analysis is available (with neither
heterogeneous study results, nor high percentage of study results with opposite effects).

Probable

Epidemiological studies show consistent relations between factor and disease. However, there are noticeable

weaknesses regarding the causal argumentation or there is evidence for an opposite relation, which does not
allow a definite judgement. The required number of studies for classifying the strength of evidence as
‘probable’ remains at as many as 5 very good studies (LOE I and/or LOE II).

Possible

There are only intervention studies, cohort studies or non-controlled clinical trials available, which were not

conducted to a sufficient standard. The results of most studies and at least of 3 studies point in the same
direction. Other studies without risk relations or with opposite risk relations may exist.

Insufficient

Only a few study results indicate an association between a factor and a disease, but they are not sufficient to

establish the association. This means the association between the nutritional factor and the disease has not
yet been or has rarely been investigated, or the studies available are inconsistent with a majority of studies
without risk relations and nearly equally as strong opposite results.

If too many hits required a further limitation, the search was
combined with the following terms: intake, uptake, consumption,
diet(s), dietary, nutrition(al).

2.3 Classification of the Literature into Levels of Evidence

The literature identified with the systematic search was classi-
fied according to the levels of evidence I (intervention studies) and
IT (cohort studies) as shown in figure 1.

The results of the selected studies were recorded and system-
atically presented in tables, separately for each of the aforemen-
tioned disease outcomes (https://www.dge.de/wissenschaft/leitli-
nien; German only).

2.4 Judgement of Strength of Evidence

The strength of evidence was evaluated according to the judge-
ment scheme of the World Health Organisation [2] following the
criteria summarised in table 1. The strength of evidence was di-
vided into 4 categories: convincing, probable, possible and insuf-
ficient. The strength of evidence indicates the quality and consis-
tency of the scientific basis for the described associations.

For judging the strength of evidence, controlled intervention
studies were given a higher weight than cohort studies due to their
experimental nature and their lower risk of biases. In addition, the
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number of studies, their quality and the biological plausibility of
an association were taken into account.

The strength of evidence was elevated using the respective re-
sults tables and draft texts by consensus of all members of the
guideline commission. In case of diverging judgements, a consen-
sus was achieved by discussion.

2.5 Consideration of Studies on Primary Prevention

The revised guideline deals exclusively with studies on primary
prevention. Studies on secondary prevention were considered only
in the case of meta-analyses, which included studies on both pri-
mary and secondary prevention. In this respect, the revised guideline
deviates from the first version, where both primary and secondary
prevention were considered. However, it follows the same approach
as the most recent DGE guideline on carbohydrate intake [3].

2.6 Evaluation of Nutritional Data on Fat Intake

Fat intake closely correlates with energy intake, which makes it
difficult to separate the effects from each other. Due to the strong
relation between energy and body mass, an effect of fat that goes
beyond an energy-based effect can be postulated only when there is
arisk relation for the energy-adjusted fat intake, controlled for body
mass or relative body mass (BMI). By using such an isoenergetic
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model, the effect of the relative fat content of total energy intake can
be examined irrespective of the energy balance. It has been shown
that such a model can control the energy effect well [4]. Variations
in fat intake can be achieved only by exchange with other energy
sources, as this is the only way to keep energy intake constant. With
this statistical model, an intervention study is simulated in which
the proportion of fat of the total energy intake and the composition
of fatty acids are replaced by other nutritional energy sources.

In addition to quantitative fat intake, the quality of fat may also
affect disease risk. A suitable assessment model for such an effect is
a distinction between the various fatty acids, adjusted for energy
intake. If energy itself is included in the statistical model, the effects
offatintake are tested in an isocaloric state with stable body weights.

These considerations on nutritional parameters suitable for
measuring the effects of fat intake on the risk of disease as well as
the statistical models used for this have not yet been sufficiently
incorporated in epidemiological practice. Further problems aris-
ing from the collection and analysis of nutritional data, such as
measurement errors and selective under-reporting of certain com-
ponents, are of a more general nature [5-7]. Therefore, the evalu-
ation of the effect of fat from observational studies should always
be viewed in consideration of the statistical models for deriving the
risk estimates. It should be noted that the statistical models used
for analysing an observational study can be regarded as an attempt
to stimulate an intervention study. Statistical adjustment aims at
achieving equality between groups, as it is achieved through ran-
domisation applied in interventional studies. For example, a co-
hort study in which an adjustment was made for energy intake
simulates an isocaloric intervention study.

In addition to the previously described qualitative and quanti-
tative aspects of fat intake, dietary patterns and their association
with fat intake and chronic diseases might also be considered.
However, as this analytical approach does not allow any conclu-
sions regarding the effects of fat intake alone, studies on dietary
patterns were not included in this guideline.

Similarly, studies on fat containing foods (like nuts, meat, fish,
milk, dairy products etc.) were not considered here, as the effects
of foods are dependent on the entire food matrix and, as a result,
do not allow to draw clear statements on the effects of either total
fat, individual fatty acids or cholesterol.

3 Quantity and Quality of Dietary Fat and Fatty Acid
Intake and Primary Prevention of Obesity

For the evaluation of studies regarding the significance
of fat intake for the development of obesity, a distinction
is made between different studies. There are studies in
which the subject groups were supervised in the same way
during the intervention with the aim of a consistent en-
ergy intake, or an energy adjustment was carried out with
statistical modelling during observational studies. There
are also studies that have allowed or targeted a change in
energy intake (ad libitum) during an intervention, and
observational studies that have created such a situation
due to a lack of energy adjustment.
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The separation of the effect of fat from the effect of en-
ergy in epidemiological observational studies such as co-
hort studies therefore takes place via energy adjustment,
creating an isocaloric situation in the analysis of the effect
of fat. This is synonymous with an intervention study car-
ried out under isocaloric conditions. However, an isoen-
ergetic situation can also be created in intervention stud-
ies carried out under ad libitum conditions through
statistical modelling of the effect of energy. The studies
evaluated according to this principle are also classified as
isocaloric in this guideline. When energy adjustment is
used, the effect of energy intake is therefore eliminated,
whereas in the evaluation of ad libitum studies, it comes
into effect and reflects the higher energy density of fat.

3.1 Total Fat

Intervention Studies with Energy Control

(Energy-Adjusted)

The intervention studies by Sheppard et al. [8] and
Donnelly et al. [9] outlined below were carried out under
ad libitum conditions. However, an isoenergetic situation
was created using statistical modelling.

In the Women’s Health Trial Feasibility Study, an in-
tervention (n = 171) with a low-fat diet (21 en% fat) par-
allel to a control group (n = 105) with a normal diet (38
en% fat) resulted in weight loss of 3 kg after 1 year and 1.9
kg in total after 2 years with almost constant weight (-0.4
kg) in the control group. For every 1-en% lower fat con-
tent in the diet, a 0.1-0.25 kg lower body weight was ob-
served. Weight loss was more closely associated with the
proportion of fat of total energy than with the change in
total energy intake [8] (LOE Ib).

In the study by Donnelly et al. [9] (LOE Ib) including
260 adults, the aim was to prevent a weight increase by
reducing fat. A high-fat diet (40 en%) caused a significant
weight increase of 1 kg (p < 0.0366) after 12 weeks, where-
as a low-fat diet (20 en%) did not result in any significant
weight increase. After adjustment for energy intake, the
differences were no longer significant. In this study,
weight increase was a function of energy intake and not
of the proportion of fat of total energy.

Observational Studies (Cohort Studies) with Energy

Control (Energy-Adjusted)

In a Swedish study of 308 women, an increased fat in-
take during the course of 6 years was only associated with
an increase in body weight in women who had an over-
weight parent (p = 0.003) [10] (LOE IIb). In a cohort of

Wolfram et al.
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19,478 men aged between 40 and 70, there was a signifi-
cant (p < 0.003) positive association between fat intake,
along with other factors such as snacks, and weight gain
during the 4-year observation period. Per 10-gram in-
crease in daily fat intake, an average weight increase of
100 g was observed [11] (LOE IIb). In a prospective co-
hort study over 14 years with 782 adults, there was a sig-
nificant positive association (p < 0.0103) between en% of
fat in the diet and an increase in weight [12] (LOE IIb).

In a large prospective cohort study (Nurses” Health
Study) of 31,940 women, there was a positive association
between weight gain and intake of animal fat, but not be-
tween weight gain and total fat intake after 8 years [13]
(LOE IIb). In the same study, the observation of 41,518
women over 8 years found a weak positive association
(P = 0.11) between total fat intake and increased body
weight. The relation between animal fat and weight gain
was stronger than the relation between total fat intake and
weight gain. For overweight people, the relation between
animal fat and weight increase was more pronounced
than for those of normal weight [14] (LOE IIb).

A meta-analysis of 4 energy-adjusted cohort studies
found no significant association, neither in men nor in
women, between the proportion of fat of the total energy
intake and an increase in body weight [15] (LOE Ila).

As part of along-term (6 years) prospective study with
361 women, in a subgroup of 57 women with no appre-
ciable physical activity and with a higher-fat diet (>38.5
en% fat), a significantly (p = 0.03) higher body weight was
observed, 3.2 kg higher than with a lower-fat diet (<38.5
en% fat). Following adjustment for energy intake, the dif-
ference was no longer significant. Women with more fre-
quent physical activity did not exhibit this difference in
body weight caused by fat intake [16] (LOE IIb).

In an older cohort study with 465 men and women
over a period of 4 years, none of the energy-supplying
nutrients were associated with an increase in body weight
[17] (LOEIIb). In 6 cohorts of the prospective EPIC Study
with 89,432 participants, there was no association be-
tween dietary fat (energy-adjusted amount and en%) and
body weight over 3.7-10 years. However, significant as-
sociations were found between fat intake and BMI (men:
p = 0.0026; women: p = 0.008). These were not observed
in all national cohorts [18] (LOE IIb). A lower-fat diet
(34.4 en% fat) in the SUN Cohort! with 4,556 participants
over an observation period of more than 2 years was as-
sociated with a smaller weight increase compared to a

! SUN = Seguimiento Universidad de Navarra.
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higher-fat diet (39.7 en% fat). However, after adjustments
were made, the difference was no longer significant [19]
(LOE IIb). In the Danish cohort of the European Youth
Heart Study with 384 9-year-old children, no relation
could be determined between fat intake and a change in
weight over the 6-year observation period [20] (LOE IIb).

Taking energy intake into consideration, the evidence
regarding a lack of an association between fat intake and
the risk of obesity is judged as probable. This is shown in
both intervention and cohort studies.

Intervention Studies without Energy Control

(ad libitum)

A series of controlled, randomised intervention stud-
ies examined the effect of reducing fat content in food on
other chronic diseases. The changes in body weight in
these studies are valuable for matters related to the pri-
mary prevention of obesity, as for these people the chron-
ic disease is the focus and not body weight. In these stud-
ies, the control of energy intake also plays only a minor
role.

In a larger meta-analysis, 37 controlled intervention
studies lasting between 1 and 48 months with 11,586 par-
ticipants were evaluated. The studies primarily examined
the effect of Step I and Step II diets from the USA’s Na-
tional Cholesterol Education Program (NCEP) on cardio-
vascular risk factors. In around one fifth of these studies,
body weight was also a target value. There was a signifi-
cant relation (r = 0.46, p < 0.001) between the proportion
of fat in the diet and body weight development, with a 1%
reduction in the proportion of fat of total energy intake
corresponding to a body weight decrease of 0.28 kg (p <
0.0001). Thus, a reduced-fat diet will be more effective
when the fat content is higher in the previous diet. The
weight reduction was attributed to a spontaneous re-
duced energy intake in the fat-reduced diet, which was
demonstrated by a significant correlation between weight
loss and spontaneous reduction in energy intake (r = 0.54,
p < 0.001) and its significant correlation with the reduc-
tion in dietary fat (r = 0.47, p < 0.001). While in the inter-
vention studies with unchanged physical activity, body
weight decreased by an average of 2.79 kg, in the studies
with increased physical activity (n = 14) there was an av-
erage decrease of 5.66 kg. The weight losses were signifi-
cantly different (p < 0.0001). Increased physical activity
augmented weight loss from a fat-reduced diet and was
also able to counteract the weight-increasing effect of a
higher proportion of fat in the diet. The effect of a reduc-
tion in the proportion of fat in the diet on body weight
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was independent of the effect of increased physical activ-
ity [21] (LOE Ia).

In another meta-analysis, 16 intervention studies with
1,728 participants lasting between 2 and 12 months were
analysed. The low-fat (3.5-24 en%) ad libitum diet re-
sulted in a greater weight loss of 2.4 kg (p < 0.0001) com-
pared to the control groups with higher-fat diets, mean-
ing that for every 1-en% lower proportion of fat in the diet
there was a weight decrease of 0.37 kg. However, in a
small proportion of studies in this meta-analysis, weight
loss was intended. Excluding such studies from the evalu-
ation did not significantly change the result [22] (LOE Ia).
A further meta-analytical evaluation of an almost identi-
cal set of studies confirmed these results [23] (LOE Ia).

However, the meta-analyses performed by Yu-Poth et
al. [21] (LOE Ia) and Astrup et al. [22, 23] (LOE Ia) also
contain isolated studies with a planned energy deficit and
with body weight as a target value, which may lead to the
consequence that the extent of weight loss during a diet
with a lower proportion of fat might be slightly overesti-
mated.

In a more recent large meta-analysis, 33 intervention
studies with 57,735 participants and duration of 6 months
to 8 years were evaluated. At the end of each test period,
the lower-fat diet led to a 1.57-kg lower body weight on
average (p < 0.001) compared to the diet with regular fat
content, meaning that a 0.19-kg lower body weight was
observed per 1-en% lower proportion of fat in the diet. A
larger reduction in the proportion of fat was also accom-
panied by greater weight loss than was the case with a
smaller reduction in the proportion of fat. In this meta-
analysis, it is important to note that studies with the stat-
ed goal of weight reduction were excluded and that care
was taken to ensure that the test and control groups had
the same level of supervision and control [24] (LOE Ia).
In a Cochrane Review of the same working group, a sig-
nificantly lower body weight was determined for a re-
duced-fat diet than for a regular diet (RR = -0.83; 95% CI
-1.37t00.30) and in terms of BMI, the RR was —-0.47 (95%
CI -0.72 to -0.23) [25] (LOE Ia).

An intervention with the target value breast dysplasia
in 29 women of normal weight with a fat-reduced ad libi-
tum diet (26 en% fat) resulted in a significantly lower
body weight after 6 months, whereas in the control group
(36 en% fat), the weight remained the same. After 1 year,
however, the weight loss was no longer significantly dif-
ferent [26] (LOE Ib). In an isocaloric intervention study
with 548 participants over the course of 24 weeks, a lower
fat diet (28 en% fat) led to a weightloss of 1.1% (p < 0.001)
compared to the higher fat diet (38 en% fat). This weight
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loss correlated with the reduced energy intake (p < 0.001)
of the participants in the group with the lower-fat diet
who did not adhere closely enough to the dietary (isoca-
loric) requirements [27] (LOE Ib).

Observational Studies (Cohort Studies) without

Energy Adjustment

Nowadays, energy is generally considered as a separate
variable in the statistical modelling of the effects of fat.
Nonetheless, there are still studies in the literature with
tables listing risk estimates for fat in the development of
obesity without energy adjustment. This information is
presented here.

In a large prospective study (n = 12,669) over almost
6 years, the relative risk of a weight increase of over 5 kg
in 5 years for women in the top quintile of fat intake was
1.7 (95% CI 1.1-2.7). This relation could not be con-
firmed in men [28] (LOE IIb).

In the Pound of Prevention Study of 1,044 men and
women with annual measurements of body weight, di-
etary behaviour and activity level over 3 years, there was
a positive correlation between fat in the diet (in absolute
as well as percentage terms) and an increase in weight
[29] (LOE IIb).

In the Quebec Family Study, 248 participants were ob-
served over the course of 6 years. Individuals who con-
sumed a lower proportion of fat and fewer high-fat foods,
yet had a tendency towards a higher fibre intake (+1.1 g of
fibre per 1,000 kcal), spontaneously exhibited a lower en-
ergy intake and a significantly (p < 0.05) lower increase in
body weight, body fat percentage and skinfold thickness
during the course of the study [30] (LOE IIb). In a cohort
of 879 children and adolescents (Viva la Familia Study),
there was a positive association between the proportion of
fat of total energy intake and weight gain. This relation was
more pronounced in overweight children [31] (LOE IIb).

The results of the ad libitum intervention studies as
well as the cohort studies without energy adjustment
show with probable evidence that there is a positive as-
sociation between the proportion of fat in the diet and the
risk of obesity.

In several of the studies mentioned earlier on the influ-
ence of the amount of fat in the diet on body weight, the
influence of certain fatty acids, and therefore the quality
of dietary fat, was also examined. In the following section,
the results on fatty acids are presented. Additional infor-
mation about the respective studies can be found in the
brief descriptions of these studies in this section 3.1.

Wolfram et al.
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3.2 Saturated Fatty Acids

Studies with Energy Adjustment

An effect of a high intake of saturated fatty acids (SFA)
which favours the development of overweight was ob-
served in the cohort study by Field et al. [14] (LOE IIb).
In the cohorts of the EPIC Study, a weak, inverse associa-
tion between SFA intake and body weight was observed
for women, but not for men [18] (LOE IIb). In the Hei-
delberg cohort of the EPIC Study, individual SFA were
also examined in 7,640 men and women of normal weight
with 6.5 years of follow-up. In this study, there was a sig-
nificant linear association between intake of stearic acid
(18:0) and weight increase in men (p < 0.03) and women
(p <0.01), but there was no association between intake of
palmitic acid (16:0) and weight increase [32] (LOE IIb).

For an association between the proportion of SFA in
the diet and the primary prevention of obesity, the evi-
dence in studies with energy adjustment is judged as in-
sufficient.

Studies without Energy Adjustment

In the intervention study of Bo et al. [33] (LOE Ic), a
positive association between SFA intake and weight gain
was observed. In the cohort study of Butte et al. [31] (LOE
IIb), however, it was not.

For an association between the proportion of SFA in
the diet and the primary prevention of obesity, the evi-
dence in studies without energy adjustment is judged as
insufficient.

3.3 Monounsaturated Fatty Acids

Studies with Energy Adjustment

As part of an intervention in 162 healthy subjects
where the proportion of fat was increased from 33-37%
of total energy, a high-monounsaturated fatty acids
(MUFA) diet in comparison with a high-SFA diet was not
associated with changes in BMI after 3 months of isoen-
ergetic nutrition [34] (LOE Ib).

A higher consumption of olive oil or oleic acid was not
associated with an increase in weight in 2 cohort studies
[14, 35] (LOE IIb). In 6 cohorts of the EPIC Study, there
was no association between the level of MUFA intake and
changes in body weight [18] (LOE IIb). In the Heidelberg
cohort of the EPIC Study, the intake of oleic acid was not
associated with changes in body weight in the linear mod-

Evidence-Based Guideline of the German
Nutrition Society

el. In the multinomial model, there was a significantly
reduced risk of weight increase with increasing oleic acid
intake for women with a small weight increase (p = 0.02)
and for men with a large weight increase (p = 0.04) [32]
(LOEIIb). In a Spanish cohort study (n = 340), the risk of
overweight was 2.3 times higher (p < 0.03) with the con-
sumption of sunflower oil than with the consumption of
olive oil after 6 years [36] (LOE IIb).

For the primary prevention of obesity through a diet
with an increased proportion of MUFA, there is possible
evidence for no association in studies with energy adjust-
ment.

Studies without Energy Adjustment

In a meta-analysis carried out by Schwingshackl et
al. [37] (LOE Ia), the significant difference in average
body weight in 7 studies comparing a high-MUFA diet
with a low-MUFA diet was only due to the significant-
ly large difference in one individual study where al-
monds were used to increase MUFA intake. The bio-
availability of fat from nuts is limited; for this reason,
the result of a lower body weight in this case may have
more to do with an energy deficit than with the intake
of MUFA.

In the isocaloric RISCK Studyz, a diet with low fat con-
tent compared to a diet with high MUFA content was as-
sociated with a decrease in body weight. The weight de-
crease correlated with a reduced energy intake of the par-
ticipants in the group with the low fat content who did
not adhere closely enough to the dietary (isocaloric) in-
structions [27] (LOE Ib).

In a crossover comparison of a low-fat (20 en% fat,
8 en% MUFA) with a high-fat and high-MUFA (40 en%
fat, 26 en% MUFA) ad libitum diet in 11 people, each for
a duration of 6 weeks, the low-fat diet caused a significant
weight decrease of 1.53 kg (+1.21 kg), whereas the high-
fat and high-MUFA diet did not [38] (LOE Ib).

In the Viva la Familia Study, a higher intake of MUFA
was associated with a weight increase (p < 0.05) [31] (LOE
IIb).

For the primary prevention of obesity through a diet
with an increased proportion of MUFA, the evidence is
judged as insufficient in studies without energy adjust-
ment.

2 RISCK Study: The name of the study comes from the initials of the partici-
pating study centres. These are Reading, Imperia, Surrey, Cambridge and
Kings.
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3.4 Polyunsaturated Fatty Acids

3.4.1 Total Polyunsaturated Fatty Acids

Studies with Energy Adjustment

In a Nurses’ Health Study evaluation, intake of poly-
unsaturated fatty acids (PUFA) was not associated with
weight increase [14] (LOE IIb). In the Heidelberg co-
hort of the EPIC Study, there was a significant associa-
tion in the linear model between intake of linoleic and
arachidonic acid in women and an increase in body
weight (p =0.00 and p = 0.02). In the multinomial mod-
el, the higher intake of linoleic acid in women was also
significantly associated with weight increase. For ara-
chidonic acid, however, there was only a significant as-
sociation in women with a small weight increase (p =
0.01). In men, there was a significant positive associa-
tion with weight increase in the linear model for higher
intake of arachidonic acid (p = 0.01), but not for high-
er intake of linoleic acid. The increased intake of lin-
oleic acid was associated with an increase in body
weight (p = 0.03) in the multinomial model for men
with a large weight increase; there were no significant
associations in the multinomial model regarding the
level of arachidonic acid intake [32] (LOE IIb). In the
cohorts of the EPIC Study, there was no association be-
tween PUFA intake and an increase in body weight [18]
(LOE IIb).

Based on studies with energy adjustment and a bio-
marker study, for primary prevention of obesity through
a diet with a moderate proportion of PUFA, the evidence
for a positive association in women is judged as possible;
for men, the evidence for a lack of an association is judged
as possible.

3.4.2 n-6 Fatty Acids

Study without Energy Adjustment

In the Viva la Familia Study, there was a positive as-
sociation between en% from n-6 fatty acids and weight
increase (p < 0.05) [31] (LOE IIb).

Biomarker Study

In the Danish Diet, Cancer and Health cohort (over
27,000 men and over 29,000 women aged between 50 and
64), in the adipose tissue of 1,100 women and men, a pos-
itive association was found between a fatty acids pattern
with high n-6 fatty acid content and both body weight
(p = 0.036) and waist size in women, but not in men, fol-
lowing a median observation period of 5.4 years [39]
(LOE IIb).
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Based on studies without energy adjustment and a bio-
marker study, there is insufficient evidence for an asso-
ciation between the proportion of n-6 fatty acids in the
diet and the primary prevention of obesity.

3.4.3 n-3 Fatty Acids

Study with Energy Adjustment

In the Heidelberg cohort of the EPIC Study, there was
no significant association in both women and men be-
tween the level of a-linolenic acid (ALA), eicosapentae-
noic acid (EPA) and docosahexaenoic acid (DHA) intake
and an increase in body weight [32] (LOE IIb).

Study without Energy Adjustment

In the Viva la Familia Study, the proportion of n-3
fatty acids of energy intake was positively associated with
weight increase (p < 0.05) [31] (LOE IIb).

Biomarker Study

In an analysis of biomarkers as part of the EPIC Study
(1,998 men and women observed over 4.9 years), the pro-
portion of long-chain n-3 fatty acids in plasma phospho-
lipids was not associated with changes in body weight
[40] (LOE IIb).

For the primary prevention of obesity through a diet
with an increased proportion of n-3 fatty acids, the evi-
dence in studies both with and without energy adjust-
ment and based on a biomarker study is judged as insuf-
ficient.

3.5 Trans Fatty Acids

Studies with Energy Adjustment

In the Nurses” Health Study, a positive association was
found between the intake of trans fatty acids and weight
increase in women [13] (LOE IIb), which was confirmed
in alater evaluation of the Nurses’ Health Study [14] (LOE
IIb).

Biomarker Study

In the Danish Diet, Cancer and Health cohort (over
27,000 men and over 29,000 women aged 50-64), in the
adipose tissue of 1,100 women and men, a positive asso-
ciation was found between a pattern of fatty acids high in
trans fatty acids and both body weight (p = 0.037) and
waist circumference (p = 0.014) in women [39] (LOE
IIb).
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For the primary prevention of obesity through a diet
with a reduced proportion of trans fatty acids, the evi-
dence based on studies with energy adjustment and a bio-
marker study is judged as possible.

Study without Energy Adjustment

In the Viva la Familia Study, no association was found
between intake of trans fatty acids and body weight [31]
(LOE IIb).

For the primary prevention of obesity through a diet
with a reduced proportion of trans fatty acids, the evi-
dence based on studies without energy adjustment is
judged as insufficient.

3.6 Other

3.6.1 Conjugated Linoleic Acids

A meta-analysis of a total of 18 intervention studies on
the effect of conjugated linoleic acids (CLA) on the body
fat mass of normal and overweight people showed that,
with an average dose of 3.2 g CLA per day as a supple-
ment, fat mass could be reduced by 0.05 kg per week (p <
0.001). The individual studies were carried out with sup-
plements and generally had a maximum duration of 12
weeks. Only 1 study lasted for 2 years, although it was not
placebo-controlled in the second year. The decrease in
body fat mass in the first 6 months was approximately
linear [41] (LOE Ia). It is currently not possible to make
statements regarding the opportunities and risks involved
in the long-term administration of CLA.

There is convincing evidence for a practically insig-
nificant decrease in body fat mass through short-term
supplementation with CLA.

There is insufficient evidence for the primary preven-
tion of obesity through a long-term diet with an increased
proportion of CLA.

3.6.2 Medium-Chain Triglycerides

Studies with Energy Adjustment

For 24 men with a BMI of 28 in an intervention
study, an isocaloric diet with 40 en% fat (65% of which
were medium-chain triglycerides (MCT)) led to an
increase in energy turnover and fat oxidation and, after
4 weeks, to weight reduction, a significant decrease in
total (0.83 kg, p < 0.05) and subcutaneous (-0.54 kg, p <
0.05) adipose tissue and the adipose tissue in the upper
part of the body (-0.67 kg, p < 0.05) which was mea-
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sured with magnetic resonance tomography. After 4
weeks of the control diet, also with 40 en% fat (of which
75% was olive oil), these significant differences in the
named parameters compared with baseline were no lon-
ger present [42] (LOE Ib). However, the advantages re-
lated to energy balance were already no longer able to
be verified by adaptation mechanisms in the 2nd-4th
week of application [43, 44] (LOE Ib). As MCT lead to
intolerances in larger quantities (>60 g/day), a maxi-
mum of 80-120 kcal can be saved per day through the
use of MCT. Long-term intervention studies could not
be identified.

The evidence for a temporary decrease in body fat
mass through a short-term supplementation with MCT is
judged as insufficient.

On the basis of studies with energy adjustment, the
evidence for the long-term effectiveness of MCT in the pri-
mary prevention of obesity is judged as insufficient.

3.7 Need for Research — Obesity

Research into additional determinants of weight sta-
bility in people of normal weight is very important for the
primary prevention of obesity. Determinants for weight
maintenance following weight reduction are equally im-
portant.

The successes of the existing long-term intervention
studies regarding the primary prevention of obesity
through a diet with lower fat intake should be reinforced
by additional intervention studies into effectiveness and
safety, carried out on larger groups of healthy people over
aperiod aslongas possible. In particular, the effectiveness
of the moderate fat diet, the intake of dietary fibre and the
increased physical activity must be distinguished from
one another.

To validate the prevention of obesity through a diet
with a high proportion of fat, methodologically sound in-
tervention studies into effectiveness and safety lasting sig-
nificantly longer than 1 year and with a sufficiently large
number of participants would be necessary.

In studies with both reduced-fat diets and high-fat di-
ets, the effects of different fatty acids (SFA, MUFA or
PUFA) and different carbohydrates (sugars, polysaccha-
rides), the quantity and type of dietary fibres and also the
quantity and type of protein require further clarification.
At the same time, biomarkers for the supply of essential
nutrients and metabolic imbalances (e.g. ketone bodies)
must be observed.
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Special efforts are required towards generally improv-
ing compliance regarding the prevention of obesity
through suitable nutrition and lifestyle changes.

4 Quantity and Quality of Dietary Fat and Fatty Acid
Intake and Primary Prevention of Type 2 Diabetes
Mellitus

4.1 Total Fat

In several randomised, controlled intervention studies
it was verified that a lifestyle intervention focused on di-
etary change and weight reduction can lower the conver-
sion rate of an impaired glucose tolerance to type 2 dia-
betes mellitus. In the Finnish Diabetes Prevention Study,
522 overweight subjects (average BMI: 31) received either
a short, standard consultation or intensive, personalised
instructions for weight loss, health-conscious nutrition
and increased physical activity. In addition to a reduction
in the proportion of total fat intake to below 30% of total
energy intake, the dietary recommendations also includ-
ed an increase in dietary fibre intake [45] (LOE Ib). In the
Diabetes Prevention Program, 3,234 subjects with im-
paired glucose tolerance were recruited and, following
randomisation, were also provided with an intensive con-
sultation program for dietary modification and physical
activity. The dietary recommendations here also included
a reduction in the proportion of total fat intake to below
30% of energy [46] (LOE Ib). After an intervention period
of 3.2 and 2.8 years, respectively, both studies observed a
58% reduction in the progression from impaired glucose
tolerance to type 2 diabetes mellitus [45, 46] (LOE Ib). In
the Indian Diabetes Prevention Program [47] (LOE Ib),
the risk of type 2 diabetes mellitus was also able to be low-
ered by a multifactorial lifestyle change, which implied a
reduction in fat intake. The same observation was made
in the Da Quin Study, a group-randomised intervention
study [48] (LOE Ic). However, the extent to which the
changes in fat intake influenced the result and whether
total fat intake had an effect independent of the achieved
weight loss remained unclear in the studies. This also ap-
plies to the older Malmo Prevention Study, a non-ran-
domised intervention study in which a dietary interven-
tion to reduce fat in conjunction with increased physical
activity caused a significant decrease in incidences of dia-
betes in individuals with impaired glucose tolerance [49]
(LOE Ic). In a New Zealand study, the proportion of dia-
betics after 1 year of intervention with a reduced-fat ad
libitum diet was significantly lower than in the control
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group without intervention [50] (LOE Ib). The interven-
tion led to a reduction in energy intake and body weight
in this case, too. Differences between the study groups
during the follow-up after completion of the intervention
could not be verified.

In the Women’s Health Initiative Dietary Modification
Trial (WHI) including 45,887 postmenopausal women,
women in the intervention group were motivated to re-
duce their fat intake. The intervention resulted in an in-
crease in the proportion of carbohydrates compared to the
control group (58.5 vs. 48.0 en% after year 1; 54.1 vs. 45.9
en% after year 6), largely at the expense of the proportion
of fat (24.2 vs. 35.0 en% after year 1; 28.6 vs. 36.9 en% after
year 6). Women in the intervention group reduced their
body weight in the first year of the study slightly more than
the women in the control group (average body weight 74.0
vs. 75.9 kg); after 6 years, there was only a small difference
(75.6 vs. 76.2 kg). There was no difference between the in-
tervention and control group with regard to the incidence
of type 2 diabetes mellitus over 9 years of follow-up (RR =
0.96; 95% CI 0.90-1.03) [51] (LOE Ib).

In some older cohort studies, a positive association
could be observed between total fat intake and the inci-
dence of diabetes [52, 53] (LOE IIb). In the Finnish and
Dutch cohort of the Seven Countries Study, the associa-
tion between fat intake and the development of diabetes
was investigated over an observation period of 20 years.
Men with newly diagnosed type 2 diabetes mellitus had a
higher fat intake at the beginning of the study (n =26, 41.2
en% fat) than men with normal glucose tolerance (n =
241, 38.7 en% fat). In this analysis, adjustments were
made for age and cohort, but not for body weight and
other important lifestyle characteristics or nutritional ex-
posure [53] (LOE IIb). In the San Luis Valley Diabetes
Study, people who developed type 2 diabetes mellitus over
the 1- to 3-year observation period (n = 20) had a higher
fatintake of on average 43.4 en% compared to people who
continued to have an impaired glucose tolerance (n = 43,
40.6 en% fat) and people whose glucose tolerance nor-
malised (n =60, 38.9 en% fat). The study was adjusted for
age, sex and ethnic affiliation [52] (LOE IIb).

In more recent cohort studies, no such association
could be found. In the Nurses” Health Study (84,204 wom-
en, 14 years of follow-up, 2,507 new diseases), the relative
risk for the development of type 2 diabetes mellitus in the
highest quintile of total fat intake (46.1 en%) compared to
the lowest quintile (28.9 en%) was 0.97 (95% CI10.85-1.11)
[54] (LOE IIb). In a more recent analysis of the cohort
with extended follow-up (20 years, 4,670 new diseases),
there was also no association between total fat intake and
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risk of diabetes. For a comparison of the highest decile of
fat intake with the lowest, the relative risk was 0.91 (95%
CI0.79-1.06) [55] (LOE IIb). The Iowa Women’s Health
Study, in which 35,988 women were observed over 11
years (1,890 new diseases), also arrived at a similar result.
Here the relative risk for the comparison of extreme quin-
tiles of total fat intake was 0.89 (95% CI 0.75-1.05) [56]
(LOEIIb). In the Health Professionals Follow-Up Study, the
relative risk for the comparison of extreme quintiles was
0.97 (95% CI 0.79-1.18), with 42,504 men observed in the
study over 12 years (1,321 new diseases) [57] (LOE IIb). In
the Kuopio Ischaemic Heart Disease Risk Factor Study, the
total fat intake in people who developed type 2 diabetes
mellitus (n = 34) was not significantly different from peo-
ple without the disease [58] (LOE IIb). In the EPIC-Norfolk
Study (23,631 men and women, 3-7 years of follow-up, 414
new diseases), no association between total fat intake and
risk of diabetes could be observed (RR = 1.00; 95% CI 0.98-
1.02) [59] (LOEIIb). Likewise, a comparison of people who
consumed <30 en% total fat with people who consumed a
higher percentage of fat as a proportion of energy intake
showed no statistically proven association in this cohort
(RR=1.28;95% CI 0.98-1.68) [60] (LOEIIb). In a post hoc
analysis of the Finnish Diabetes Prevention Study, in which
all participants were pooled without consideration of
group membership of the actual intervention study, an el-
evated risk was observed with higher total fat intake [61]
(LOE IIb). The relative risk in the highest quartile of total
fat intake (>36.86 en% fat) compared to the lowest quartile
(<30 en% fat) was 2.14 (95% CI 1.16-3.92). However, fol-
lowing adjustment for dietary fibre intake — a key aspect of
the intervention along with total fat content — no signifi-
cant association could be observed (RR = 1.23; 95% CI
0.95-1.58). In the Melbourne Collaborative Cohort Study
(3,737 men and women, 4 years of follow-up), no associa-
tion could be observed between total fat intake and the risk
of diabetes (RR highest quintile compared to the lowest
quintile = 1.12; 95% CI 0.76-1.73) [62] (LOE IIb). In the
EPIC-Potsdam Study (25,067 men and women, 7 years of
follow-up, 844 new diseases), an isocaloric substitution of
fat with carbohydrates was not associated with the risk of
diabetes [63] (LOE IIb).

The available data allow us to conclude that type 2 di-
abetes mellitus cannot be prevented by a reduction of total
fat intake, regardless of the effect this has on body weight.
The majority of cohort studies, particularly those with
large numbers of cases and control for confounding, as
well as a large randomised intervention study, show that
there is probable evidence for a lack of an association.
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4.2 SFA

A reduction in the intake of SFA to a maximum of 10%
of total energy intake was part of the interventions carried
out in the Finnish Diabetes Prevention Study and the
American Diabetes Prevention Program [45,46] (LOE Ib).
In both studies, the risk of developing type 2 diabetes mel-
litus was lowered by 58%. Due to the multifactorial nature
of the studies (weight loss, physical activity, change in
other nutritional parameters, particularly total fat in-
take), it is not possible to attribute the observed effect to
the change in SFA intake.

In a subgroup of the Seven Countries Study, a higher
intake of SFA was observed at the beginning of the study
in men with newly diagnosed type 2 diabetes mellitus
than in men with normal glucose tolerance (21.6 en%
SFA compared to 20.1 en% SFA) [53] (LOE IIb). In the
San Luis Valley Diabetes Study, individuals with inciden-
tal type 2 diabetes mellitus did not have a significantly
higher intake of SFA (16.1 en%) than adults with normal
glucose tolerance (14.0 en%, p = 0.06) [52] (LOE IIb). In
the Nurses’ Health Study the relative risk of diabetes in the
highest quintile (18.8 en%) compared to the lowest quin-
tile (10.7 en%) of SFA intake was 0.99 (95% CI 0.80-1.21),
when adjusted for BMI, additional confounder and other
fatty acids [54] (LOE IIb). In the Iowa Women’s Health
Study there was also no observed relation between SFA
intake and the risk of diabetes (RR for extreme quin-
tiles = 1.00; 95% CI 0.85-1.18) [56] (LOE IIb). The Health
Professionals Follow-Up Study showed no relation be-
tween SFA intake and the risk of diabetes (RR for extreme
quintiles = 0.97; 95% CI 0.79-1.20) [57] (LOE IIb). In the
EPIC-Norfolk Study, no significant association between
SFA intake and risk of diabetes could be observed (OR =
1.03 for men, OR = 1.04 for women) [59] (LOE IIb). In
the same cohort, however, people with an SFA intake <10
en% compared to people with a higher SFA intake exhib-
ited a reduced risk of diabetes (RR = 0.71; 95% CI 0.51-
0.99) [60] (LOE IIb). A meta-analysis of the Nurses’
Health Study, lowa Women’s Health Study, Health Profes-
sionals Follow-Up Study and the EPIC-Norfolk Study
showed that no association existed between SFA intake
and incidence of diabetes (RR = 0.98; 95% CI 0.87-1.10)
[64] (LOE Ila).

In the Kuopio Ischaemic Heart Disease Risk Factor
Study, intake of SFA in individuals who developed type 2
diabetes mellitus was not significantly different from peo-
ple who did not develop diabetes [58] (LOE IIb). In the
Women’s Health Study, the relative diabetes risk in the
highest quintile (25.8 g/day) compared to the lowest
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quintile (13.8 g/day) of SFA intake was 0.89 (95% CI 0.66-
1.21) when adjusted for BMI, additional confounder and
total fat intake [65] (LOE IIb). In a post hoc analysis of
the Finnish Diabetes Prevention Study, SFA intake was
not significantly associated with the risk of diabetes. The
relative risk in the highest quartile of SFA intake com-
pared to the lowest quartile was 1.73 (95% CI 0.89-3.38)
[61] (LOE IIb). In the Melbourne Collaborative Cohort
Study (3,737 men and women, 4 years of follow-up), no
association could be observed between intake of SFA and
the risk of diabetes (RR highest quintile compared to the
lowest quintile = 1.04; 95% CI 0.68-1.58) [62] (LOE IIb).
In the EPIC-Potsdam Study, a higher intake of SFA was
not associated with the risk of diabetes, when intake of
SFA in exchange for carbohydrates was observed [63]
(LOE IIb).

In the Iowa Women’s Health Study, the substitution of
SFA with PUFA was associated with a significantly low-
er risk of type 2 diabetes mellitus (RR for extreme quin-
tiles = 0.84; 95% CI 0.71-0.98) [56] (LOE IIb). An isoen-
ergetic substitution of SFA with PUFA was linked to a
35% reduction in risk in the Nurses’ Health Study (RR per
5 en% = 0.65; 95% CI 0.54-0.78) [54] (LOE IIb). In the
EPIC-Norfolk Study too, a higher ratio of PUFA to SFA
was associated with a reduced risk of diabetes. However,
this association was no longer significant following ad-
justment for anthropometric parameters (RR = 0.91; 95%
CI0.81-1.03) [59] (LOEIIb). In the EPIC-Potsdam Study,
a higher intake of SFA was associated with a reduced risk
of diabetes, when SFA were considered at the expense of
other fatty acids (RR highest quintile in comparison with
the lowest quintile = 0.71; 95% CI 0.50-0.99) [66] (LOE
I1b).

Cohort studies on whether an association exists be-
tween SFA intake and the risk of type 2 diabetes mellitus
were unable to confirm this in the majority of cases. The
evidence for a lack of an association is therefore judged as
probable. The evidence that the substitution of SFA with
PUFA lowers the risk of type 2 diabetes mellitus is judged
as insufficient due to the low number of studies and their
heterogeneity.

4.3 MUFA

Results from the Finnish and Dutch cohorts of the Sev-
en Countries Study show that men with newly diagnosed
type 2 diabetes mellitus exhibited a higher intake of
MUFA (14.5 en%) at the beginning of the study than men
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with normal glucose tolerance (13.6 en%, p < 0.05) [53]
(LOE IIb). In the San Luis Valley Diabetes Study, people
with glucose intolerance who developed type 2 diabetes
mellitus had consumed a higher amount of MUFA (17.1
en%) than people whose glucose tolerance normalised
over the course of the observation period (14.9 en%, p =
0.03) [52] (LOE IIb). In the more recent cohort studies
Iowa Women’s Health Study [56] (LOE IIb), Nurses’
Health Study [54] (LOE IIb), Health Professionals Follow-
Up Study [57] (LOE IIb), Kuopio Ischaemic Heart Disease
Risk Factor Study [58] (LOE IIb), Women’s Health Study
[65] (LOE IIb), Melbourne Collaborative Cohort Study
[62] (LOE IIb) and the EPIC-Potsdam Study [63, 66]
(LOE IIb), no association could be observed between in-
take of MUFA and risk of type 2 diabetes mellitus.

Despite positive relations in older, smaller cohort stud-
ies and due to the lack of association in large cohort stud-
ies, the evidence for a lack of an association between
MUFA intake and the risk of type 2 diabetes mellitus is
judged as probable.

4.4 PUFA

4.4.1 Total PUFA

In the San Luis Valley Diabetes Study, no relation
could be observed between intake of PUFA and develop-
ment of type 2 diabetes mellitus. In this study, people
who developed type 2 diabetes mellitus did not have dif-
ferent intakes of PUFA (7.5 en%) when compared with
people who retained an impaired glucose tolerance (6.8
en%) or returned to a normal glucose tolerance (7.0 en%,
p = 0.74) [52] (LOE IIb). In the Seven Countries Study
too, people who developed type 2 diabetes mellitus did
not have a significantly different PUFA intake (4.3 en%)
than people who retained a normal glucose tolerance (4.2
en%, p = 0.81) [53] (LOE IIb). In the Iowa Women’s
Health Study, after an 11-year observation period, there
was a negative relation between PUFA intake and inci-
dence of diabetes. However, this did not reach statistical
significance (RR for extreme quintiles = 0.88; 95% CI
0.76-1.02). In this analysis, no adjustment was made for
other energy-supplying nutrients [56] (LOE IIb). In an
evaluation of the Nurses’ Health Study, there was a nega-
tive correlation between the proportion of PUFA of en-
ergy intake at the expense of carbohydrates and the risk
of diabetes after controlling for various confounding fac-
tors (RR for extreme quintiles = 0.75; 95% CI 0.65-0.88)
[54] (LOE IIb). In the Kuopio Ischaemic Heart Disease
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Risk Factor Study, the intake of PUFA in people who de-
veloped type 2 diabetes mellitus was not significantly dif-
ferent from people who remained healthy [58] (LOE IIb).
The results of the EPIC-Norfolk Study demonstrated that
a higher intake of PUFA was not associated with the risk
of type 2 diabetes mellitus [59] (LOE IIb). The Melbourne
Collaborative Cohort was able to observe a positive, al-
beit not significant, association between intake of PUFA
and risk of type 2 diabetes mellitus (RR highest quintile
compared to lowest quintile = 1.29; 95% CI 0.84-1.97)
[62] (LOEIIb). An elevated risk with higher PUFA intake
was also observed in the EPIC-Potsdam Study when cou-
pled with a reduced intake of carbohydrates [63] (LOE
IIb).

A higher intake of PUFA at the expense of SFA was as-
sociated with a significantly lower risk in the Jowa Wom-
en’s Health Study [56] (LOE IIb) and the Nurses” Health
Study [54] (LOE IIb), but not in the EPIC-Norfolk Study
[59] (LOE IIb) and the EPIC-Potsdam Study [66] (LOE
IIb) (also see chapter on SFA).

In the Atherosclerosis Risk In Communities Study, the
proportion of PUFA in cholesteryl esters and phospho-
lipids in plasma was not significantly associated with the
risk of diabetes [67] (LOE IIb). In this study, 2,909 men
and women were observed over a period of 9 years (252
new diseases). Likewise, in the Kuopio Ischemic Heart
Disease Risk Factor Study, the proportion of PUFA in se-
rum was not a significant predictor for the development
of an impaired glucose tolerance or type 2 diabetes mel-
litus [58] (LOE IIb). In the Visterbotten Intervention Pro-
gramme (159 new diseases) [68] (LOE IIb) and the EPIC-
Potsdam Study (673 new diseases) [66] (LOE IIb), there
was no association between the proportion of PUFA in
erythrocyte membranes and the risk of diabetes.

There are numerous studies on the role of PUFA in the
prevention of type 2 diabetes mellitus. However, their re-
sults are inconsistent. Therefore, the evidence that a high-
er intake of PUFA goes along with a reduced risk of type
2 diabetes mellitus is judged as insufficient. The evidence
that the substitution of SFA with PUFA lowers the risk of
type 2 diabetes mellitus is judged as insufficient due to
the low number of studies and their heterogeneity.

4.4.2 n-6 Fatty Acids

Linoleic acid intake was not associated with risk of di-
abetes in the Health Professionals Follow-Up Study (RR
for extreme quintiles = 0.89; 95% CI 0.74-1.06) [57] (LOE
IIb) and the EPIC-Potsdam Study (RR for extreme quin-
tiles = 1.11; 95% CI 0.79-1.56) [66] (LOE IIb). In the
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Women’s Health Study too, intake of n-6 fatty acids
was not significantly associated with risk of diabetes
(RR = 0.95; 95% CI 0.78-1.16) [65] (LOE IIb). Likewise,
in the Singapore Chinese Health Study, no association was
observed with the intake of n-6 fatty acids (RR for ex-
treme quintiles = 0.93, 95% CI 0.87-1.12) [69] (LOE IIb).
In the Melbourne Collaborative Cohort Study, a positive —
but not significant - association between intake of lin-
oleic acid and risk of diabetes was observed (RR highest
quintile compared to lowest quintile = 1.42; 95% CI 0.93-
2.18) [62] (LOE IIb).

The prospective studies indicate with possible evi-
dence that no association exists between intake of n-6
fatty acids (linoleic acid) and risk of type 2 diabetes mel-
litus.

4.4.3 n-3 Fatty Acids

The results of 7 prospective cohort studies (7,365 new
diseases) on the association between ALA intake and
risk of diabetes were summarised in a meta-analysis in
2012. This meta-analysis found an inverse but statisti-
cally insignificant association (RR per 0.5 g/day = 0.93;
95% CI 0.83-1.04) [70] (LOE IIa). There was marked
heterogeneity between the studies. Higher concentra-
tions of ALA in the blood were also associated with a
reduced risk of diabetes, according to a meta-analysis of
6 cohort studies. However, in this case, too, the associa-
tion did not reach statistical significance (RR per 0.1%
higher proportion of total fatty acids = 0.90; 95% CI
0.80-1.00) [70] (LOE IIa).

With possible evidence, a higher intake of ALA has no
effect on the risk of diabetes.

Multiple meta-analyses have recently summarised the
results of prospective cohort studies on long-chain n-3
fatty acids, with predominantly the same studies taken
into account. The most comprehensive meta-analysis to
date (16 prospective cohort studies, 440,873 people,
21,512 new diseases) showed that intake of long-chain
n-3 fatty acids (EPA and DHA) has no influence on risk
of diabetes. The RR per 250 mg/day determined across
all cohorts was 1.04 (95% CI 0.97-1.10) [70] (LOE IIa).
In another meta-analysis, the RR for the comparison of
extreme quintiles of intake was 1.04 (95% CI 0.92-1.18)
[71] (LOE IIa). Eleven cohorts were considered. In both
meta-analyses, however, there was significant heteroge-
neity between the studies. As such, a higher intake of
long-chain n-3 fatty acids tended to be associated with an

Ann Nutr Metab 2015;67:141-205
DOI: 10.1159/000437243

153


http://dx.doi.org/10.1159%2F000437243

increased risk of diabetes in North American study pop-
ulations, while inverse associations were observed in
Asian study populations. This was also observed in the
meta-analysis performed by Wallin et al. [72] (LOE IIa)
with data from 13 cohort studies. In the meta-analysis,
data were subsequently stratified by geographic region.
The RR per 300 mg/day of long-chain n-3 fatty acids was
1.17 (95% CI 1.09-1.26) in North American study popu-
lations (6 cohorts), 0.98 (95% CI 0.70-1.37) in European
study populations (3 cohorts) and 0.90 (95% CI 0.82-
0.98) in Asian and Australian study populations (4 co-
horts). There was also heterogeneity within the geo-
graphic regions, particularly in Europe. Five out of 6
American cohort studies indicated a positive association
between intake of long-chain n-3 fatty acids and risk of
diabetes.

In cohort studies that did not observe the intake of
fatty acids but recorded the fatty acid profile in the blood,
a higher proportion of long-chain n-3 fatty acids was not
associated with the risk of diabetes. A meta-analysis of 5
such studies showed an RR (per 3% higher proportion of
total fatty acids) of 0.94 (95% CI 0.75-1.17) [70] (LOE
IIa).

Studies on the role of long-chain n-3 fatty acids in pre-
vention of type 2 diabetes mellitus are very inconsistent.
Results from meta-analyses of multiple cohort studies
suggest with possible evidence that a higher intake of
these fatty acids is not associated with the risk.

4.4.4 Ratio of n-6 to n-3 Fatty Acids

The ratio of n-6 fatty acids to n-3 fatty acids was inves-
tigated for an association with the incidence of diabetes
in only a few prospective studies. In the Nurses’ Health
Study, the ratio of n-6 to n-3 fatty acids was not associ-
ated with the risk of diabetes [54] (LOE IIb). Nor was
there any association in the Singapore Chinese Health
Study (RR for comparison of extreme quintiles = 0.98;
95% CI 0.85-1.14) [69] (LOE IIb). In the Health Profes-
sionals Follow-Up Study, the RR for the comparison of
extreme quintiles of the ratio of n-3 to n-6 fatty acids was
1.10, with the association not reaching significance (95%
CI 0.92-1.31, p for trend = 0.73) [57] (LOE IIb). It was
only in the Melbourne Collaborative Cohort Study that a
higher ratio of n-6 to n-3 was associated with a higher risk
(RR for comparison of extreme quartiles = 1.56; 95% CI
1.03-2.36) [62] (LOE IIb).

With possible evidence, the ratio of n-6 to n-3 fatty
acids has no effect on the risk of type 2 diabetes mellitus.
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4.5 Trans Fatty Acids

In the ITowa Women’s Health Study, a negative relation
was found between intake of trans fatty acids and inci-
dence of diabetes after 11 years of observation (RR for
extreme quintiles = 0.83; 95% CI 0.70-0.97) [56] (LOE
IIb). In the Nurses’ Health Study, a higher proportion of
trans fatty acids of total energy intake correlated with an
increased risk of diabetes. This association also remained
after control for various confounding factors (RR for ex-
treme quintiles = 1.31;95% CI 1.10-1.56) [54] (LOE IIb).
In the Health Professionals Follow-Up Study, on the other
hand, no association between intake of trans fatty acids
and risk of diabetes could be observed (RR for extreme
quintiles = 0.90; 95% CI 0.74-1.10) [57] (LOE IIb). In the
Women’s Health Study, no significant association was ob-
served between intake of trans fatty acids and risk of dia-
betes (RR for extreme quintiles = 1.03; 95% CI 0.83-1.28)
when adjusted for BMI, energy intake, other confounders
and total fat intake [65] (LOE IIb). The Melbourne Col-
laborative Cohort Study was also unable to identify any
association [62] (LOE IIb).

In the Melbourne Collaborative Cohort Study, an in-
verse association was observed between trans fatty acid
content in plasma phospholipids and risk of type 2 diabe-
tes mellitus (RR for extreme quintiles of trans fatty acid
content = 0.30; 95% CI 0.17-0.51) [62] (LOE IIb). A risk
reduction was also described for trans-palmitoleic acid in
the Cardiovascular Health Study (RR for extreme quin-
tiles = 0.38; 95% CI 0.24-0.62) [73] (LOE IIb). Unlike
these studies, in the EPIC-Potsdam Study associations be-
tween the relative proportion of trans fatty acids (RR =
0.88;95% CI 0.63-1.24) or the proportion of trans-palmi-
toleic acid in erythrocyte phospholipids (RR = 0.89; 95%
CI 0.64-1.23) and risk of diabetes following adjustment
for risk factors for diabetes were markedly weaker and not
statistically significant [66] (LOE IIb).

Due to the strongly different results from the cohort
studies conducted to date, the evidence for an association
between the intake of trans fatty acids and risk of type 2
diabetes mellitus is judged as insufficient.

4.6 Need for Research — Type 2 Diabetes Mellitus

The effect of PUFA on the risk of type 2 diabetes mel-
litus when compared to the effect of SFA has not been
sufficiently documented thus far. Differences also appear
to exist between different types of PUFA. In particular,
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the more recent results regarding a potential risk increase
due to a higher intake of long-chain n-3 fatty acids in
North American and, in some cases, in European cohorts
should be analysed further. Future studies should more
closely consider various types of fish as sources of long-
chain n-3 fatty acids as well as their preparation and con-
tent of heavy metals or persistent organic pollutants. The
role of n-6 and n-3 fatty acids from plant-based foods
(linoleic acid and ALA), particularly compared to SFA
but also in ratio to one another, also remains unclear.

In the chapter on diabetes, SFA were not differentiated
by their chain length or by whether they have an even or
odd number of C atoms. The proportion of SFA with an
odd number of C atoms in the blood is a biomarker for
the intake of milk fat. Initial studies indicate that these
SFA could differ from other SFA in their association with
the risk of type 2 diabetes mellitus [e.g. 66, 74]. In that
case, high-fat dairy products should reduce the risk of
type 2 diabetes mellitus, but this is rather seen in low-fat
products [75]. Future studies should differentiate
between various SFA in the context of different food
sources.

The question of whether trans fatty acids increase the
risk of type 2 diabetes mellitus remains unanswered.
Studies conducted thus far have provided contradictory
results. Therefore, this question should be evaluated in
additional cohort studies. As nutrient databases do not
generally provide data on the trans fatty acid content of
foods, the analysis of trans fatty acid content in the blood
(cholesteryl esters or phospholipids) would be one alter-
native. Such analyses should differentiate between trans
fatty acids as a product of industrial fat-hardening and
those produced in the stomachs of ruminant animals.

5 Quantity and Quality of Dietary Fat and
Fatty Acid Intake and Primary Prevention of
Dyslipoproteinaemia

The aim of primary prevention of hereditary dyslipo-
proteinaemias is to delay and/or attenuate the manifesta-
tion of the disease. For healthy individuals, the aim is to
avoid the occurrence of nutrition-related dyslipoprotein-
aemia.

Individual intervention studies or prospective cohort
studies on the long-term primary prevention of primary
dyslipoproteinaemia related to the intake of isolated nu-
tritional factors such as total fat, SFA, MUFA, PUFA, n-3
fatty acids trans fatty acids or dietary cholesterol could
not be found.

Evidence-Based Guideline of the German
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The individual observations are preceded by stud-
ies that involve the primary prevention of dyslipopro-
teinaemia in a multifactorial approach with changes of
fat intake. These should make it clear that the influ-
ence of a change in fat intake on the plasma lipoprotein
pattern is dependent on many additional factors, which
can simultaneously be the direct or indirect subject of
the intervention, for example body weight, energy or
tibre intake.

Individual fatty acids can have different effects on the
plasma concentrations of LDL and HDL cholesterol and
also triglycerides. They are therefore dealt with separate-
ly in the following section. Total and LDL cholesterol
generally react in the same way, sometimes with varying
levels of significance. Their changes are therefore pre-
sented together. For patients with genetically determined
primary dyslipoproteinaemias, the reactions of plasma li-
poproteins may be stronger or weaker compared to
healthy people. However, they generally go in the same
direction.

In this 2nd version of the guideline, results from stud-
ies on secondary prevention were not included, as the fo-
cus of the German Nutrition Society’s work is the nutri-
tion of healthy people (primary prevention). Intervention
studies and meta-analyses, which only deal with second-
ary prevention, were therefore not taken into account in
the evaluation of evidence. In many meta-analyses, how-
ever, there was no separation between intervention stud-
ies on primary and secondary prevention. In such cases,
the common effect estimate was specified. The inclusion
of results from all meta-analyses from intervention stud-
ies on secondary prevention would in some cases provide
a different evaluation of the evidence.

5.1 Total Fat

In an intervention study involving 1,182 school chil-
dren, a significant decrease in the plasma concentration
of total and HDL cholesterol was found in the interven-
tion group when compared to the control group after re-
ducing the proportion of total fat and SFA of energy in-
take over a period of 2 years [76] (LOE Ib).

Yu-Poth et al. [21] (LOE Ia) evaluated 37 nutritional
intervention studies published between 1975 and 1981 in
which total fat intake in the intervention groups was be-
tween <10 and 32 en% (all interventions were either Step
I or Step II diets from the National Cholesterol Education
Program). In the evaluation, 11,586 healthy adults and
at-risk patients of both sexes who were living indepen-
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dently were considered (intervention: 9,276 people, con-
trol: 2,310 people). The included intervention studies had
very different designs and lasted between 3 weeks and 4
years. The evaluation showed that there was a significant
positive relation between the proportion of total fat of
energy intake and concentrations of total cholesterol,
LDL cholesterol and HDL cholesterol. According to this
meta-analysis, a 1-en% reduction in total fat intake led to
a decrease in concentrations of total cholesterol, LDL
cholesterol and HDL cholesterol of 0.06 mmol/l (approx.
2.3 mg/dl; 0.9%), 0.042 mmol/l (approx. 1.6 mg/dl; 1.0%)
and 0.01 mmol/l (approx. 0.39 mg/dl; 0.8%). The plasma
triglyceride concentration remained unchanged, how-
ever.

These findings were supplemented by studies in which
the intake of total fat and SFA was reduced simulta-
neously. In the randomised, double-blind, controlled
3-stage crossover study of 86 healthy men aged from 22
to 64 presented by Lefevre et al. [77] (LOE Ib), in a rela-
tively short period of only 6 weeks the effect of a reduced
intake of total fat and SFA (30 en% fat and 9 en% SFA or
25en% fatand 6 en% SFA) was compared with an average
American diet of 38 en% fat and 14 en% SFA as the con-
trol diet. The intake levels of cholesterol, MUFA and
PUFA were lower and the proportion of carbohydrates of
energy intake was higher than in the control diet while the
proportion of protein was constant. The reduction of to-
tal fat intake and SFA intake resulted in significant de-
creases in concentrations of total, LDL and HDL choles-
terol and increased the ratio of total cholesterol to HDL
cholesterol because of a smaller reduction in the concen-
tration of LDL cholesterol compared to HDL cholesterol.
There was also a significant increase in triglyceride con-
centration due to a higher intake of carbohydrates and a
reduced intake of MUFA and PUFA.

The most recent and comprehensive investigation
into the effect of a reduced or modified intake of fats on
blood fats at the time this guideline was published is the
meta-analysis carried out by Hooper et al. [25] (LOE Ia)
in which a total of 48 intervention studies with more than
65,000 adults in total were evaluated. Studies involving
people irrespective of their cardiovascular risk and exist-
ing CHD were included in the meta-analysis and it was
not always possible to consider all studies for each pa-
rameter. Only studies with diseased patients, pregnant or
nursing women, studies that did not meet the authors’
criteria and studies with missing information were ex-
cluded. In the context of the meta-analysis by Hooper et
al. [25] (LOE Ia), the reduction of fat intake was defined
as a reduced en% proportion of fats with comparable to-
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tal energy intake; a lower-fat diet existed, according to
the authors, if fat intake was <30 en% and the reduced
proportion of fat was compensated by energy from car-
bohydrates and protein in the form of fruit and vegeta-
bles, for example. Studies involving supplements of ALA,
n-3 fatty acids or fish oil, or a reduction in fat intake
achieved using fat substitutes (e.g. olestra) were among
other studies that were excluded from the meta-analysis.
In the meta-analysis carried out by Hooper et al. [25]
(LOE Ia), the effects of a reduced fat intake and a change
in the composition of the consumed fats on the concen-
trations of total, LDL and HDL cholesterol and triglycer-
ides in comparison with a regular diet were studied as
tertiary endpoints. All of the measures lowered total cho-
lesterol concentration. However, in contrast to the stud-
ies published before the meta-analysis by Hooper et al.
[25] (LOE Ia), no effect on the concentration of HDL
cholesterol could be determined. A reduction in total fat
intake led to a significant reduction in the concentration
of LDL cholesterol; yet, in these studies carried out over
alonger period it had no effect on triglyceride concentra-
tion.

The evidence is convincing that a reduction in the pro-
portion of fat of energy intake and therefore total fat in-
take in the context of a diet with current fat content and
current fat quality lowers the concentration of total and
LDL cholesterol in plasma.

There is possible evidence for a reduction in the plas-
ma concentration of HDL cholesterol due to a reduction
in the proportion of fat of energy intake.

There is probable evidence that a reduction in the pro-
portion of fat of energy intake has no long-term effect on
the plasma triglyceride concentration.

The evidence for a reduction in the ratio of total cho-
lesterol to HDL cholesterol and LDL to HDL cholesterol
through a reduction in the proportion of fat of energy in-
take is insufficient.

5.2 SFA

SFA and Concentration of Total and LDL Cholesterol

Compared to carbohydrates, long-chain SFA (C12:0,
C14:0, C16:0) raised total and LDL cholesterol concentra-
tions by around twice as much as the same amount of
PUFA (C18:2 n-6) lowered total and LDL cholesterol
concentration ([78] LOEIb, [21, 79, 80] LOE Ia). Myristic
(C14:0) and palmitic acid (C16:0) increased LDL choles-
terol concentration the most, according to a meta-analy-
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sis of 60 studies with 1,672 adults carried out by Mensink
et al. [80] (LOE Ia). Long-chain saturated stearic acid
(C18:0) changed total cholesterol in plasma compared to
carbohydrates just as little as saturated MCT [81, 82]
(LOE Ib). In the meta-analysis of 224 studies involving
8,143 adults published by Howell et al. [83] (LOE Ia), a
1-en% reduction in the proportion of SFA in the diet led
to areduction in the LDL cholesterol concentration of 1.8
mg/dl (=0.047 mmol/l). The meta-analysis carried out by
Yu-Poth et al. [21] (LOE Ia) showed that a 1-en% reduc-
tion in the proportion of dietary SFA led to a reduction in
total cholesterol concentration of 0.056 mmol/l (=2.2 mg/
dl) and a reduction in LDL cholesterol concentration of
0.05 mmol/l (=1.9 mg/dl).

The most comprehensive and recent study to date re-
garding the effect of a modified intake of fats on blood fats
is the meta-analysis carried out by Hooper et al. [25]
(LOE Ia) as presented in section 5.1. As part of this meta-
analysis, a modification of fat intake was defined as a pro-
portion of total fats of 230 en% and therefore, a virtually
unchanged total fat intake compared to corresponding
control groups and also a higher intake of MUFA and
PUFA than in a ‘normal’ diet. A modification of the com-
position of the ingested fats significantly reduced total
cholesterol concentration. However, in this meta-analy-
sis it could not be determined whether the modification
has a significant effect on the LDL cholesterol concentra-
tion, as this parameter has been measured only in 2 indi-
vidual studies [84, 85].

Once a year, Niinikoski et al. [86] (LOE Ib) carried out
nutritional consultations, starting at the age of 7 months
up until the age of 14, with 540 children and their parents.
The control group with 522 children received no consul-
tations. In the consultations, the importance of a diet with
reduced SFA and cholesterol content and a reduction in
total fat intake to between 30 and 35 en% was communi-
cated. The consultations led to a reduced intake of total
fat and SFA. The concentrations of total and LDL choles-
terol were significantly lower up to the age of 14. In the
continuation of the study by Niinikoski et al. [86] (LOE
Ib) up to the age of 19 [87] (LOE Ib), the annual nutri-
tional consultation led to a reduced intake of SFA; the
difference in total fat intake between the intervention
group and the control group decreased with age until in
17-year-old girls and 19-year-old boys there were no lon-
ger any differences. The lower intake of SFA was accom-
panied by significantly lower LDL cholesterol concentra-
tions in both groups. In boys, total cholesterol concentra-
tion was reduced significantly with a lower intake of SFA;
this was not the case for girls.

Evidence-Based Guideline of the German
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In the intervention study by Miiller et al. [88] (LOE Ib)
involving 25 healthy women with an average age of
30.5 £ 9.8, a low-SFA diet as opposed to a high-SFA diet
did not lead to any significant changes in total and LDL
cholesterol concentration.

SFA and HDL Cholesterol Concentration

Compared to unsaturated fatty acids or carbohydrates,
long-chain SFA increased the HDL cholesterol concen-
tration [79, 80] (LOE Ia); lauric acid has the most signifi-
cant effect here [80] (LOE Ia). In the study published by
Miiller et al. [88] (LOE Ib), a reduced intake of SFA led to
a significant reduction in HDL cholesterol concentration.
In the study by Niinikoski et al. [87] (LOE Ib), a reduced
intake of SFA did not result in any changes in HDL cho-
lesterol concentration in young people. In contrast to ear-
lier studies, the meta-analysis carried out by Hooper et al.
[25] (LOE Ia) could not identify any effect on HDL cho-
lesterol concentration caused by the modification of the
ingested fats.

SFA and Triglyceride Concentration

The increased intake of long-chain SFA lowered the
triglyceride concentration in fasting plasma [79, 80, 83]
(LOE Ia). Miiller et al. [88] (LOE Ib) demonstrated that a
reduced intake of SFA raised the plasma triglyceride con-
centration. In a further meta-analysis with studies carried
out over longer periods, however, there was no significant
relation between SFA intake and plasma triglyceride con-
centration [21] (LOE Ia). In the study carried out by Ni-
inikoski et al. [87] (LOE Ib), boys had significantly lower
triglyceride concentrations when SFA intake was lower;
yet this was not the case for girls. In contrast to a reduc-
tion in fat intake, a modification of the ingested fats
led to a reduction in the triglyceride concentration [25]
(LOE Ia).

SFA and the Ratio of Total to HDL Cholesterol

In the meta-analysis performed by Mensink et al. [80]
(LOEIa), SFA did not lead to a change in the ratio of total
to HDL cholesterol when compared with carbohydrates,
as in this study there was an increase in the concentration
of both total and HDL cholesterol due to the increased
intake of SFA.

SFA and the Ratio of LDL to HDL Cholesterol

In the intervention study by Miiller et al. [88] (LOE Ib),
a reduced intake of SFA led to an increase in the ratio of
LDL to HDL cholesterol due to the significant decrease in
the HDL cholesterol concentration.
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The evidence is convincing that intake of dietary SFA
increases the plasma concentrations of total and LDL
cholesterol, while a reduction in SFA intake (except for
stearic acid and MCT) reduces them.

There is possible evidence that an increased intake of
SFA increases the plasma concentration of HDL choles-
terol.

The evidence for a reduction in plasma triglyceride
concentration after increasing intake of SFA for a short
period of time is convincing.

There is probable evidence that SFA intake has no ef-
fect on the ratio of total to HDL cholesterol.

The evidence for an association between SFA in-
take and the ratio of LDL to HDL cholesterol is insuffi-
cient.

5.3 MUFA

MUFA and Total and LDL Cholesterol Concentration

According to Mensink et al. [80] (LOE Ia) MUFA
(18:1) significantly lowered the concentration of LDL
cholesterol when compared with carbohydrates; the slight
concentration-lowering effect on total cholesterol was
not significant, however. In a randomised, parallel group,
controlled intervention study, Bos et al. [89] (LOE Ib)
compared a high-MUFA diet and a Mediterranean diet
with a high-SFA diet in 57 non-diabetics aged between 40
and 65 with a BMI 225 or a hip measurement of 294 cm
in men and >80 cm in women over the course of 8 weeks
following a 2-week high-SFA run-in-phase. In both diets,
a significant reduction in total and LDL cholesterol con-
centration was observed when compared with a high-SFA
diet, although there were no differences between the
high-MUFA diet and the Mediterranean diet. In a ran-
domised, crossover intervention study of 15 adults (5
men and 10 women) aged between 36 and 69, Allman-
Farinelli et al. [90] (LOE Ib) studied the effect of a high-
MUFA diet (high-oleic sunflower oil; 32.6 en% total fat,
8.8 en% SFA, 3.5 en% PUFA and 20.3 en% MUFA) com-
pared to a high-SFA diet (33.1 en% total fat, 20.8 en%
SFA, 2.7 en% PUFA, 9.6 en% MUFA). The high-MUFA
intervention led to a significant decrease in total and LDL
cholesterol concentration in comparison with the high-
SFA diet. An additional meta-analysis showed that the
substitution of SFA with MUFA led to a decrease in total
and LDL cholesterol concentration; no significant differ-
ence could be determined between the effect of MUFA
and PUFA [91] (LOE Ia). In this meta-analysis, 14 studies
involving a total of 273 men and 166 women aged be-

158 Ann Nutr Metab 2015;67:141-205
DOI: 10.1159/000437243

tween 18 and 78 with an intervention period of between
21 and 84 days were considered. In the individual studies,
various high-MUFA oils (olive oil, high-oleic safflower
oil, rapeseed oil or different mixtures of olive and rape-
seed oil, olive and peanut oil and olive and sunflower oil)
were compared with various high-PUFA oils (grape seed
oil, safflower oil, corn oil, sunflower oil or a mixture of
safflower and corn oil).

While SFA raise total and LDL cholesterol concen-
tration, MUFA lower total and LDL cholesterol concen-
tration slightly compared to carbohydrates, according
to the meta-analysis of 27 studies involving 682 adults
carried out by Mensink and Katan [79] (LOE Ia). How-
ever, the effect is not significant. Likewise, in the meta-
analysis of 12 intervention studies with a minimum du-
ration of 6 months and a maximum of 4 years involving
a total of 1,990 individuals carried out by Schwingshackl
et al. [37] (LOE Ia), no significant difference could be
determined between a high (>12 en%) and low (<12
en%) intake of MUFA regarding the total and LDL cho-
lesterol concentration. In the analysed studies, high-
MUFA diet types were compared with various low-
MUFEFA diet types (low fat content, low or high glycae-
mic index, high-PUFA, high-protein or a control diet
type that does not fit into these categories with a pro-
portion of total fat 230 en% and/or a proportion of SFA
210 en%). The study by Wien et al. [92] in which the
effects of increased MUFA intake in form of increased
almond consumption were examined as part of the in-
tervention was also one of the studies analysed. How-
ever, fats from almonds are only partially resorbed [93].
Furthermore, the study by Shai et al. [94] involving pa-
tients with CHD was included in the overall result. The
authors specify, however, that a re-analysis without
these 2 studies by Wien et al. [92] and Shai et al. [94]
provides the same overall result. The results of the meta-
analysis are also to be treated with caution due to the
inclusion of studies with differing weight effects and
types of diet. Thijssen and Mensink [95] (LOE Ib) com-
pared the effect of a 5-week diet in 19 men and 27 wom-
en aged between 18 and 65. The diet provided 38 en%
fat — around 7 en% were in the form of stearic, oleic or
linoleic acid. In this study too, no significant changes in
total and LDL cholesterol concentration could be ob-
served in any of the 3 diets.

MUFA and HDL Cholesterol Concentration

According to Mensink and Katan [96] (LOE Ib), a diet
high in fat and MUFA with olive oil as basis prevented a
decrease in HDL cholesterol concentration compared to
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a low-fat diet with a high proportion of complex carbo-
hydrates and dietary fibres. The meta-analysis carried out
by Mensink and Katan [79] (LOE Ia) showed that substi-
tuting carbohydrates with MUFA leads to an increase in
HDL cholesterol concentration.

In the meta-analysis by Gardner and Kraemer [91]
(LOE Ia), substitution of SFA with MUFA did not cause
a change in HDL cholesterol concentration. In the inter-
vention studies of Allman-Farinelli et al. [90] (LOE Ib),
Bos et al. [89] (LOE Ib) and Thijssen and Mensink [95]
(LOE Ib), there was also no indication that a high-MUFA
diet changes the concentration of HDL cholesterol when
compared to a high-SFA diet.

MUFA and Triglyceride Concentration

According to the meta-analyses by Mensink and Katan
[79] (LOE Ia) and Mensink et al. [80] (LOE Ia), MUFA
lowered the plasma triglyceride concentration when
compared to carbohydrates. The intervention studies car-
ried out by Allman-Farinelli et al. [90] (LOE Ib) and Bos
etal. [89] (LOE Ib) also showed a decrease in triglyceride
concentration for a high-MUFA intervention compared
to a high-SFA diet.

In the meta-analysis performed by Gardner and Krae-
mer [91] (LOE Ia), MUFA raised the plasma triglyceride
concentration by 0.14 mmol/l compared to PUFA; com-
pared to SFA, however, MUFA had no effect. This was
also the case in the intervention study of Thijssen and
Mensink [95] (LOE Ib).

MUFA and the Ratio of Total to HDL Cholesterol

In the meta-analysis by Mensink et al. [80] (LOE Ia),
MUFA lowered the ratio of total to HDL cholesterol com-
pared to carbohydrates. Thijssen and Mensink [95] (LOE
Ib) observed no changes with a high-MUFA diet com-
pared to a high-SFA diet.

MUFA and the Ratio of LDL to HDL Cholesterol

Mensink and Katan [79] (LOE Ia) found a slight de-
crease in the ratio of LDL to HDL cholesterol when car-
bohydrates were replaced by MUFA.

The evidence for a lack of association between
MUFA intake and the plasma concentrations of total
and LDL cholesterol compared to carbohydrates is
probable, and there is possible evidence that MUFA
have a lowering effect on the plasma concentrations of
total and LDL cholesterol when compared with long-
chain SFA.

Evidence-Based Guideline of the German
Nutrition Society

The evidence is convincing that MUFA prevent a de-
crease in the plasma concentration of HDL cholesterol
when compared with carbohydrates, and there is proba-
ble evidence for a lack of an association between intake of
MUFA and plasma concentration of HDL cholesterol in
comparison with long-chain SFA.

The evidence is convincing that MUFA lower the plas-
ma triglyceride concentration when compared to carbo-
hydrates, and there is possible evidence for a lack of an
association between MUFA intake and plasma triglycer-
ide concentration when compared with long-chain SFA.

The evidence that MUFA lower the ratio of total to
HDL cholesterol and LDL to HDL cholesterol when com-
pared to carbohydrates is convincing, and there is insuf-
ficient evidence for an association between MUFA intake
compared to long-chain SFA and the ratio of total to HDL
cholesterol and (due to a lack of studies) LDL to HDL cho-
lesterol.

5.4 PUFA

5.4.1 Total PUFA

The meta-analysis by Gardner and Kraemer [91] (LOE
Ia) showed that the substitution of SFA with PUFA lowers
the total and LDL cholesterol concentration and has no
effect on plasma HDL cholesterol and triglyceride con-
centration.

The evidence is convincing that the substitution of
SFA with PUFA lowers plasma concentrations of total
and LDL cholesterol.

There is probable evidence that the substitution of
SFA with PUFA does not affect plasma concentrations of
HDL cholesterol and triglycerides.

There is (due to a lack of studies) insufficient evidence
that replacing SFA with PUFA has an effect on the ratios
of total to HDL cholesterol and LDL to HDL cholesterol.

5.4.2 n-6 Fatty Acids

Polyunsaturated n-6 Fatty Acids and Total and LDL

Cholesterol Concentration

n-6 fatty acids (C18:2) lowered the concentrations of
both total and LDL cholesterol around half as much as the
same amount of SFA raised them [79, 80] (LOE Ia). An
increase in the proportion of n-6 fatty acids in the diet of
1 en% with constant energy intake led to a reduction in
total cholesterol concentration of 0.90 mg/dl (=23.3
pmol/l) and a reduction in LDL cholesterol concentration
of 0.5 mg/dl (=12.93 pmol/l) [83] (LOE Ia).
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Polyunsaturated n-6 Fatty Acids and HDL Cholesterol

Concentration

According to the meta-analysis by Mensink and Katan
[79] (LOE Ia) and Mensink et al. [80] (LOE Ia), the sub-
stitution of SFA with n-6 fatty acids led to a small reduc-
tion in the concentration of HDL cholesterol, whereas
there was a significantly greater reduction when SFA were
replaced by carbohydrates. The extent of this reduction
is, according to the study of Mensink et al. [80] (LOE Ia),
dependent on the type of SFA; as such, the effect de-
creased from C12:0 to C18:0.

Polyunsaturated n-6 Fatty Acids and Triglyceride

Concentration

Compared to carbohydrates, n-6 fatty acids lowered
the triglyceride concentration at a rate comparable to SFA
and MUFA [79, 80] (LOE Ia).

Polyunsaturated n-6 Fatty Acids and the Ratio of

Total to HDL Cholesterol

The ratio of total to HDL cholesterol fell the most
when trans fatty acids and SFA were replaced by n-6 fatty
acids [80] (LOE Ia). The substitution of carbohydrates or
SFA with n-6 fatty acids lowered the ratio of total to HDL
cholesterol on a similar level to the substitution with
MUFA [79, 80] (LOE Ia).

Polyunsaturated n-6 Fatty Acids and the Ratio of LDL

to HDL Cholesterol

No studies investigating the effect of n-6 fatty acid in-
take on the ratio of LDL to HDL cholesterol could be
found.

There is convincing evidence that an increase in the
proportion of n-6 fatty acids in the diet lowers plasma
concentrations of total and LDL cholesterol.

There is convincing evidence that an increase in the
proportion of n-6 fatty acids in the diet reduces the plas-
ma HDL cholesterol concentration.

The evidence that an increase in the proportion of n-6
fatty acids in the diet at the expense of carbohydrates low-
ers the plasma triglyceride concentration is convincing,
while there is probable evidence that an increase in n-6
fatty acids by replacing other fatty acids has no effect on
the plasma triglyceride concentration.

There is convincing evidence that n-6 fatty acids re-
duce the ratio of total to HDL cholesterol, whereas (due
to the lack of studies) the evidence for an influence on the
ratio of LDL to HDL cholesterol is insufficient.
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5.4.3 n-3 Fatty Acids

ALA

ALA and Total and LDL Cholesterol Concentration

In the 6-week, parallel, blind, randomised and con-
trolled intervention study on 74 healthy persons (27 men
and 47 women) aged 19-43 presented by Egert et al. [97]
(LOE Ib), no influence of a daily intake of 4.4 g ALA on
total cholesterol concentration was shown. After con-
suming foods enriched with ALA, a significant reduction
of total [98] (LOE Ib) and LDL cholesterol concentration
[97, 98] (LOE Ib) was achieved after an intervention of 4
and 6 weeks, respectively. In the 2-week study by Sanders
and Roshanai [99] (LOE Ib) on 3 men and 2 women, a
daily intake of 9.38 g of ALA in the form of 20 ml linseed
oil had no influence on total cholesterol concentration in
plasma. However, an effect of ALA on total cholesterol
concentration is not to be expected in such a short inter-
vention. For this reason, this study was not taken into
consideration for the evidence judgement for total cho-
lesterol. An intervention study over 6 weeks on 29 men
aged 18-35 showed that the comparison of an ALA-rich
diet (10 g ALA and 12 g LA, 15 test persons) with an LA-
rich diet (1 g ALA and 21 g LA, 14 test persons) did not
result in any significant differences in total and LDL cho-
lesterol concentration after 6 weeks [100] (LOE Ib). An-
other intervention study on 30 test persons over 6 months
showed no significant differences in the isocaloric com-
parison of ALA (9.5 g per day) and LA in the form of spe-
cially produced margarine with regard to the lowering
influence on total and LDL cholesterol concentration
[101] (LOE Ib).

ALA and HDL Cholesterol Concentration

According to the intervention studies conducted by
Egert et al. [97] (LOE Ib), Sanders and Roshanai [99]
(LOE Ib) and Finnegan et al. [101] (LOE Ib), the HDL
cholesterol concentration was not influenced by the daily
intake 0f 4.4,9.38 or 9.5 g ALA. In another study, the con-
sumption of foods enriched with ALA led to a moderate
increase in the concentration of HDL cholesterol [98]
(LOE Ib).

ALA and Triglyceride Concentration

With an intake of very high quantities of ALA (38 g per
day) compared to high quantities of LA (45 g per day), the
triglyceride concentration in plasma was significantly
lowered in the study by Singer et al. [102] (LOE Ib). In the
intervention study on healthy men and women conduct-
ed by Egert et al. [97] (LOE Ib), the daily intake of 4.4 g
ALA and the consumption of 2.2 g EPA or 2.3 g DHA per
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day also caused a significant lowering of the triglyceride
concentration.

In the study by Sanders and Roshanai [99] (LOE Ib),
on the other hand, a high daily intake 0f9.38 g ALA in the
form of 20 ml linseed oil in contrast to 20 ml fish oil,
which equated to an intake of 3.03 g EPA and 2.93 g DHA
per day, had no influence on the triglyceride concentra-
tion in plasma. In the study by Pang et al. [100] (LOE Ib),
ALA (diet with 12 g LA and 10 g ALA per day) compared
to LA (diet with 21 g LA and 1 g ALA per day) with iso-
caloric nutrition did not lower the triglyceride concentra-
tion in the plasma either. The study by Karvonen et al.
[98] (LOE Ib) showed comparable results.

In the intervention study conducted by Finnegan et al.
[101] (LOE Ib), however, an intake of 9.5 g ALA per day
led to a significant increase (+10.9%) in the triglyceride
concentration in plasma compared to fish oil (with a total
amount of EPA and DHA of 1.7 g per day).

ALA and the Ratio of Total to HDL Cholesterol

After a daily intake of 6.3 g ALA compared to the same
amount of LA, the ratio of total to HDL cholesterol in-
creased [103] (LOE Ib). In the intervention study pre-
sented by Egert et al. [97] (LOE Ib), there was no signifi-
cant reduction in the ratio of total to HDL cholesterol
through the intake of 4.4 g ALA per day.

ALA and the Ratio of LDL to HDL Cholesterol

No study could be identified for the research period in
which an influence of ALA on the ratio of LDL to HDL
cholesterol was examined.

The evidence is probable that ALA lowers the total
cholesterol concentration in plasma.

The evidence is convincing that ALA lowers the LDL
cholesterol concentration in plasma.

The evidence for alack of influence of ALA on the HDL
cholesterol concentration in plasma is probable.

There is insufficient evidence for an influence of ALA
on the triglyceride concentration in plasma.

The evidence is insufficient that ALA influences the
ratio of total to HDL cholesterol and of LDL to HDL cho-
lesterol (not enough studies available).

Long-Chain n-3 Fatty Acids

Long-Chain n-3 Fatty Acids and Total and LDL

Cholesterol Concentration

In the study by Schaefer et al. [104] (LOE Ib), the effect
of 2 National Cholesterol Education Program (NCEP)
Step II diets with <30 en% total fat, <7 en% SFA and <200

Evidence-Based Guideline of the German
Nutrition Society

mg cholesterol per day on total and LDL cholesterol con-
centrations was examined on 22 men and women with a
mean age of 63 + 10 years. Due to different frequencies in
the consumption of fish, the diets either had a high or a
low level of n-3 fatty acids (0.1 £ 0.1 en% as eicosatetrae-
noicacid, 0.2+ 0.1 en% as EPA and 0.5+ 0.2 en% as DHA
vs. <0.02 en% as eicosatetraenoic acid, <0.02 en% as EPA
and 0.1 £ 0.1 en% as DHA). The higher intake of long-
chain n-3 fatty acids associated with the higher intake of
tish led to a significant reduction in total and LDL choles-
terol concentration, with the influence of the elimination
of SFA also presumably having an effect.

In a randomised, double-blind, placebo-controlled
crossover study, Watanabe et al. [105] (LOE Ib) examined
the influence of the intake of 1.26 g EPA and 0.54 g DHA
per day in form of fish oil capsules over a 4-week period on
17 Japanese males who consumed relatively high amounts
of fish. The intake of fish oil capsules did not cause any
changes in total and LDL cholesterol concentration. It is
not clear if the reason why there was no effect was due to
the relatively high fish consumption of the study partici-
pants. In the randomised intervention study conducted by
Garcia-Alonso et al. [106] (LOE Ib) on 18 healthy women
aged 35-55, the daily intake of tomato juice enriched with
250 mg EPA and 181 mg DHA did not lead to any changes
in total and LDL cholesterol concentration either. How-
ever, the daily amount of n-3 fatty acids ingested in this
study is very low, so that an effect is perhaps not to be ex-
pected. Cazzola et al. [107] (LOE Ib) examined a possible
dosage and age dependence of the consumption of EPA-
rich oil in a 12-week randomised intervention study on 93
healthy male non-vegetarians who did not consume any
fish. The intake of 1.35, 2.70, or 4.05 g EPA per day had no
influence on the concentration of total or LDL cholesterol
in the 18-42 age group or in the group aged from 53 to 70.
The effect of a daily intake of 3.1 g n-3 fatty acids (1.8 g
EPA,0.2gDPA and 1.1 g DHA) in comparison to the dai-
ly intake of 3.7 g oleic acid was examined in the 8-week
randomised study by Damsgaard et al. [108] (LOE Ib) on
64 healthy men aged from 19 to 40. In addition to this, each
of the 2 groups was further subdivided into 2 subgroups,
one with a high and one with a low intake of ALA. No in-
fluence of n-3 fatty acids on total and LDL cholesterol con-
centration was found here either. In a double-blind cross-
over intervention study conducted by Fontani et al. [109]
(LOE Ib) on 33 healthy persons (13 men and 20 women)
aged 22-51 over 70 days, there was also no change in total
cholesterol concentration with an intake of 4 g fish oil cap-
sules (1.6 g EPA and 0.8 g DHA plus 0.4 g of additional n-3
fatty acids) per day compared to the intake of 4 g olive oil
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capsules per day. Similarly, no influence of 2.2 g EPA,
2.3gDHA and 4.4 g ALA per day over 6 weeks on the total
and LDL cholesterol concentration was found in the
6-week parallel, blind, randomised and controlled inter-
vention study on 74 healthy persons (27 men and 47 wom-
en) aged 19-43 presented by Egert et al. [97] (LOE Ib). The
fatty acids were supplied in the form of roughly 30 g of
margarine per day. Kauletal. [110] (LOE Ib) examined the
influence of 2 g of various oils administered daily in cap-
sule form in a double-blind, placebo-controlled interven-
tion study over 12 weeks on 34 healthy men and 54 healthy
women. The intake of n-3 fatty acids was 606 mg per day
in the group treated with fish oil, 1,022 mg in the linseed
oil group, 372 mg in the group treated with hemp oil and
30 mg in the control group (sunflower oil). The daily in-
take of n-6 fatty acids was 1,374 mg (control), 30 mg (fish
oil), 298 mg (linseed oil) and 1,196 mg (hemp oil). None
of the interventions led to a significant change in total and
LDL cholesterol concentration.

However, increases in total and LDL cholesterol con-
centration through n-3 fatty acids were observed in other
studies. 485 healthy men and women were included in a
meta-analysis of 11 randomised, controlled studies from
the years 1996 to0 2011 [111] (LOE Ia) in order to examine
the influence of the intake of DHA-rich algae oil on car-
diovascular risk factors. The mean daily intake of DHA
was 1.68 g and led to a significant average increase in the
concentration of LDL cholesterol of 0.23 mmol/l. The in-
fluence on the total cholesterol concentration was not
evaluated in this study.

In the randomised, double-blind, placebo-controlled
intervention study with parallel design conducted by
Milte et al. [112] (LOE Ib) on 36 men and 31 women with
an average age of 53 years, no influence on total choles-
terol concentration was seen with a daily intake of 2,4 and
6 g of fish oil. However, a daily intake of 4 g of fish oil led
to a significant increase in the concentration of LDL cho-
lesterol of 10%, which was not observed with daily intake
levels of 2 and 6 g. In the randomised, double-blind, pla-
cebo-controlled FINGEN Crossover Study conducted by
Caslakeetal. [113] (LOEIb) on 312 men and women aged
20-70, the influence of a daily intake of 0.7 and 1.8 g of an
oil containing EPA and DHA (with aratio of DHA to EPA
of 1:1.5) on total and LDL cholesterol concentration was
examined in comparison to the same amount of a control
oil consisting of 80% palm oil and 20% soya oil. No sig-
nificant influence of the n-3 fatty acids on the total cho-
lesterol concentration was observed in this study, but
there was a significant increase in the LDL cholesterol
concentration.
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Long-Chain n-3 Fatty Acids and HDL Cholesterol

Concentration

No indications of a change in HDL cholesterol con-
centration were found in several studies: on 67 healthy
men and women with a mean age of 53 + 2 years with an
intake of 2, 4 or 6 g of fish oil per day [112] (LOE Ib), on
17 healthy Japanese males aged from 35 to 64 with high
fish consumption and an additional intake of 1.7 g EPA
and DHA per day [105] (LOE Ib), on 18 healthy women
aged 35-55 with 250 mg EPA and 181 mg DHA as en-
riched tomato juice [106] (LOE Ib), on 93 men aged from
18 to 42 and 62 men aged from 53 to 70 with up to 4.05 g
EPA perday [107] (LOE Ib), on 64 healthy men aged from
19 to 40 with 3.1 g n-3 fatty acids per day [108] (LOE Ib)
and on 88 healthy men and women aged on average be-
tween 32.9 and 35.0 with 2 g of EPA and DHA-rich fish
oil per day [110] (LOE Ib).

Other studies showed that an intervention with n-3
fatty acids resulted in a significant increase in the HDL
cholesterol concentration. In the meta-analysis conduct-
ed by Bernstein et al. [111] (LOE Ia), there was a mean
significant increase in the HDL cholesterol concentration
of 0.07 mmol/l with an average daily intake of 1.68 g DHA
as algae oil. Caslake et al. [113] (LOE Ib) found a signifi-
cant increase in the HDL cholesterol concentration in the
FINGEN Study conducted on 312 men and women aged
from 20 to 70 with a daily intake of 0.7 or 1.8 g EPA and
DHA. In the study conducted by Egert et al. [97] (LOE Ib)
on 74 healthy men and women aged 19-43 years, there
was no increase in the concentration of HDL cholesterol
with a daily intake of 4.4 g ALA and 2.2 g EPA, but a dai-
ly intake of 2.3 g DHA caused a significant increase in the
HDL cholesterol concentration.

Long-Chain n-3 Fatty Acids and Triglyceride

Concentration

The meta-analysis conducted by Bernstein et al. [111]
(LOE Ia) showed a significant mean reduction of the tri-
glyceride concentration by 0.20 mmol/l with a mean dai-
ly intake of 1.68 g DHA in the form of algae oil. Significant
reductions of the triglyceride concentrations through in-
take of long-chain n-3 fatty acids also resulted in the stud-
ies by Milte et al. [112] (LOE Ib) with a daily intake of 4
and 6 g of fish oil, Cazzola et al. [107] (LOE Ib) on healthy
men of various age groups with a daily intake of 4.05 g
EPA, Caslake et al. [113] (LOE Ib; FINGEN Study) with a
daily intake of 0.7 and 1.8 g EPA/DHA, Damsgaard et al.
[108] (LOE Ib) with a daily intake of 3.1 g of n-3 fatty ac-
ids and Egert et al. [97] (LOE Ib) on healthy women and
men with a daily consumption of 4.4 g ALA as well as
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2.2 g EPA and 2.3 g DHA. In the study by Caslake et al.
[113] (LOE Ib), the effect was greater among men than
among women. In addition to this, the study by Cazzola
etal. [107] (LOE Ib) showed that the reduction of the tri-
glyceride concentration with a daily intake of 1.35 g EPA
was greater than with higher daily intake levels. In an in-
tervention study by Finnegan et al. [101] (LOE Ib), EPA
and DHA in a dose of 1.7 g per day caused a significant
reduction in the triglyceride concentration in 39 healthy
test persons over a period of 6 months.

Within the research period of this guideline, however,
several studies also produced other results. Accordingly,
there were no significant changes in the triglyceride con-
centrations in plasma in the studies by Kaul et al. [110]
(LOE Ib) on 88 healthy men and women with an average
age of between 32.9 and 35.0 years with 2 g n-3 fatty acids
per day, by Garcia-Alonso et al. [106] (LOE Ib) on 18
healthy women aged from 35 to 55 with 250 mg EPA and
181 mg DHA in the form of enriched tomato juice per
day, and by Fontani et al. [109] (LOE Ib) on 13 men and
20 women aged 22-51 with 4 g fish oil per day compared
to 4 g olive oil.

Long-Chain n-3 Fatty Acids and the Ratio of Total to

HDL Cholesterol

The randomised, placebo-controlled intervention
study presented by Kaul et al. [110] (LOE Ib) with the ad-
ministration of oil capsules rich in n-3 fatty acids (2 g fish
oil, 2 g linseed oil or 2 g hemp seed oil per day) compared
to sunflower oil (2 g per day) as a control did not lead to
any changes in the ratio of total to HDL cholesterol. In the
intervention study by Egert et al. [97] (LOE Ib), the intake
of ALA or EPA did not produce any changes in the ratio
of total to HDL cholesterol, whereas an increased intake
of DHA significantly lowered the ratio of total to HDL
cholesterol.

Long-Chain n-3 Fatty Acids and the Ratio of LDL to

HDL Cholesterol

No study could be identified for the research period in
which an influence oflong-chain n-3 fatty acids on the ratio
of LDL to HDL cholesterol was examined.

The evidence for a missing association of an increased
dietary intake of long-chain n-3 fatty acids on the total
cholesterol concentration in plasma is probable.

There is possible evidence for an increase in the LDL
cholesterol concentration in plasma through an increased
intake of long-chain n-3 fatty acids.

Evidence-Based Guideline of the German
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The evidence is possible that there is no association
between the intake of long-chain n-3 fatty acids and the
HDL cholesterol concentration in plasma.

An increased intake of long-chain n-3 fatty acids leads
with convincing evidence to a reduction of the triglyceride
concentration in plasma. The amounts required for that
can be achieved only through the intake of supplements.

The evidence for an association between the dietary
intake of long-chain n-3 fatty acids and the ratio of total
to HDL cholesterol and of LDL to HDL cholesterol (lack
of studies) is insufficient.

5.4.4 Ratio of n-6 to n-3 Fatty Acids

It has not been possible up to now to identify any stud-
ies that have taken this aspect into consideration in an
appropriate manner for this guideline.

Due to a lack of studies, there is insufficient evidence
for the effect of the ratio of n-6 to n-3 fatty acids on the
lipoproteins and lipids in plasma.

5.5 Trans Fatty Acids

Compared to unsaturated fatty acids, trans fatty acids
caused an increase in the concentrations of LDL choles-
terol and triglycerides with a simultaneous drop in the
HDL cholesterol concentration ([114] LOE Ib, [80] LOE
Ia). This means that trans fatty acids have a less favourable
effect on the lipoprotein profile. In the meta-analysis of 13
studies with a total of 518 persons conducted by Mozaffar-
ian and Clarke [115] (LOE Ia), it was established that sub-
stitution of 1% of the energy in the form of trans fatty acids
with MUFA or PUFA lowered triglyceride, total and LDL
cholesterol concentrations. A corresponding substitution
of trans fatty acids with SFA, MUFA or PUFA resulted ina
significant increase in the HDL cholesterol concentration
and a significant decrease in the ratio of total to HDL cho-
lesterol. In the study by Wanders et al. [116] (LOE Ib) too,
the daily intake of 21.8 g of industrial trans fatty acids
brought about a significant increase in total and LDL cho-
lesterol concentration and in triglyceride concentration
compared to oleic acid, along with a slight reduction in the
concentration of HDL cholesterol and an increase in the
ratio of total to HDL cholesterol. Sundram et al. [117] (LOE
Ib) established in a randomised crossover intervention
study on 11 women and 22 men with an average age of
30 + 8 years that a controlled diet with 3.2 en% trans fatty
acids (plus 9.1 en% SFA with 6.5 en% palmitic acid, 12.4
en% MUFA and 5.8 en% PUFA) lowers the concentration
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of HDL cholesterol in comparison to a controlled SFA-rich
diet (13.7 en% SFA with 12.0 en% palmitic acid,13.6 en%
MUFA and 3.6 en% PUFA), while it increases the concen-
tration of LDL cholesterol, thereby worsening the ratios of
total to HDL cholesterol and LDL to HDL cholesterol. This
study established no influence of trans fatty acids on total
cholesterol and triglyceride concentration. In a double-
blind, randomised intervention study with a parallel group
design conducted on 42 healthy young men, Tholstrup et
al. [118] (LOE Ib) examined how the consumption of but-
ter rich in MUFA and trans-vaccenic acid over 5 weeks af-
fects the blood lipids. In comparison with control butter,
total cholesterol concentration was significantly lowered
by 6% and HDL cholesterol concentration by 9%. LDL
cholesterol and triglyceride concentration remained un-
changed, as did the ratio of total to HDL cholesterol. In the
study by Motard-Bélanger et al. [119] (LOE Ib), in which
the effect of natural trans fatty acids originating in rumi-
nants and their industrially produced equivalents was ex-
amined on 38 healthy men, an increase in both the total as
well as the LDL cholesterol concentration through both
types of trans fatty acid was observed with very high intake
levels of 10 g per day. The trans fatty acids also caused a re-
duction in the HDL cholesterol concentration, but there
were no changes in the triglyceride concentrations.
Within the scope of the Trans Fatty Acids Collabora-
tion (TRANSFACT) Study by Chardigny etal. [120] (LOE
Ib), the effect of trans fatty acids from natural sources was
compared with those of industrial origin (both approx.
4.2 +0.5en%) in 19 men and 21 women with an average
age of27.6 + 7.1 years. Compared to trans fatty acids from
industrial sources, natural trans fatty acids significantly
increased concentrations of total, LDL and HDL choles-
terol as well as of triglycerides. A sex-specific evaluation
showed that the effects were to be observed only with
women and were statistically significant. No significant
differences were observed with the industrial and natural
trans fatty acids with regard to the ratio of total to HDL
cholesterol. The physiologically more favourable effects
of industrial trans fatty acids on the lipoprotein concen-
trations reported in this study could possibly be caused by
the different composition of the oils used. The study par-
ticipants in both groups ingested a comparatively high
amount of SFA, for example, but the intake of C14:0 was
approximately 7 times higher in the group with the natu-
ral fatty acids, whereas the intake of C16:0 was roughly
one and a half times and of C18:1 roughly twice as high
as in the group with the industrial trans fatty acids. The
fact that the intake of oleic acid was roughly twice as high
(5.6 vs. 3.3 en%) among the study participants in the in-
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dustrial trans fatty acid group could possibly be respon-
sible for the observed effects. The study by Chardigny et
al. [120] (LOE Ib) was not included in the evidence judge-
ment for this reason.

The evidence that an increase in the proportion of
trans fatty acids in the diet increases the total and LDL
cholesterol concentration in plasma is convincing.

The evidence for a reduction of the HDL cholesterol
concentration in plasma through an increased proportion
of trans fatty acids in the diet is convincing.

The evidence is convincing that an increase in the pro-
portion of trans fatty acids in the diet raises the triglycer-
ide concentration in plasma.

There is convincing evidence that an increased intake
of trans fatty acids with the diet raises the ratio of total to
HDL cholesterol.

Due to a lack of studies, there is insufficient evidence
of an influence of trans fatty acids on the ratio of LDL to
HDL cholesterol.

There is insufficient evidence of a different effect of
industrial and natural trans fatty acids from ruminants.

5.6 Other

5.6.1 CLA

No changes in blood fats were observed in the ran-
domised, double-blind, placebo-controlled parallel inter-
vention study by Sluijs et al. [121] (LOE Ib) on 167 men
and 179 women aged 40-70 with 4 g ¢9,t11-CLA daily in
the form of capsules over 6 months or in the double-
blind, randomised and controlled intervention study
conducted by Lambert et al. [122] (LOE Ib) on 25 healthy
men and 37 healthy women with a BMI <30 aged 21-45
with 3.9 g of CLA-rich capsules per day (65.9% CLA with
29.7% ¢9,t11-CLA and 30.9% ¢10,t12-CLA) compared to
3.9 g of oleic acid-rich sunflower oil capsules per day over
12 weeks. In the randomised, single-blind multiple inter-
vention study by Wanders et al. [116] (LOE Ib), the effect
of a ¢9,t11-CLA-rich oil (80% ¢9,t11-CLA, 20% £10,c12-
CLA) compared to industrial trans fatty acids and oleic
acid was examined over 9 weeks on 25 healthy men and
36 healthy women. On average, 26.8 g CLA or 21.8 g in-
dustrial C18:1 trans fatty acids per day were consumed.
Compared to oleic acid, total and LDL cholesterol con-
centration were significantly increased by CLA, the HDL
cholesterol concentration slightly lowered and the ratio
of total to HDL cholesterol increased; the triglyceride
concentration remained unchanged. Compared to the
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studies mentioned earlier, CLA intake in the study by
Wanders et al. [116] (LOE Ib) was more than 5 times
higher.

The evidence for effects of CLA on the total and LDL
cholesterol concentration in plasma is insufficient.

There is insufficient evidence for an influence of CLA
on the HDL cholesterol concentration in plasma.

There is insufficient evidence for a change of the tri-
glyceride concentration in plasma through CLA.

The evidence for an effect of CLA on the ratio of total
to LDL cholesterol and of LDL to HDL cholesterol (lack
of studies) is insufficient.

5.6.2 Cholesterol

The intake of cholesterol with the diet does not have
the same effect on the LDL cholesterol concentration in
all people. Based on the influence of the intake of food
cholesterol on the LDL cholesterol concentration, these
people can be divided into ‘responders’ and ‘nonre-
sponders’ [123-125]. Other authors distinguish between
‘low absorbers” and ‘high absorbers’, depending on the
cholesterol absorption rate [126].

Compared to long-chain SFA, cholesterol ingested
with food caused only a moderate increase in the LDL
cholesterol concentration in plasma [83] (LOE Ia). The
reduction of 100 mg of dietary cholesterol per day led
to a reduction in the concentration of total cholesterol
of around 0.056 mmol/l (ca. 2 mg/dl) ([127] 81 studies,
5,910 participants; [128] 17 studies, 556 adults; [83]; LOE
Ia). The greatest increase in plasma cholesterol is to be
expected with an increased intake of dietary cholesterol if
practically no cholesterol was previously ingested with
food. A marginal increase can be observed according to
the meta-analysis of 27 studies with 915 participants with
initial total cholesterol concentrations of >500 mg/dl
published by Hopkins [129] (LOE Ia). An increased in-
take of cholesterol (600 mg per day compared to 200 mg
per day) intensified the increasing effect of long-chain
SFA on the LDL cholesterol concentration [130] (LOE
Ib). The meta-analysis conducted by Yu-Poth et al. [21]
(LOE Ia) showed that the amount of cholesterol ingested
with the diet has a significant effect on the total and LDL
cholesterol concentration, whereas there is no significant
association with the HDL cholesterol concentration. The
significance of cholesterol intake for the triglyceride con-
centration in plasma could not be clearly determined in
this study, but according to its authors, increased choles-
terol intake could possibly also lead to an increased tri-
glyceride concentration. In addition to this, higher cho-
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lesterol intake caused a significant increase in the ratio of
total to HDL cholesterol [128] (LOE Ia).

The significance of responders and nonresponders be-
comes clear in the studies conducted by Greene etal. [131,
132] (LOE Ib). In a randomised crossover study on 29
postmenopausal women and 13 men aged over 60, the ef-
fect of consuming 3 large eggs daily (equivalent to a daily
intake of 640 mg of cholesterol) was examined in com-
parison to a cholesterol and fat-free substitute [131] (LOE
Ib). In addition to a higher intake of cholesterol, the in-
take of energy, total fat, SFA, MUFA and PUFA was also
slightly increased compared to the control group. The in-
tervention led to an increase in total, LDL and HDL cho-
lesterol concentration, whereas the ratios of LDL to HDL
cholesterol and of total to HDL cholesterol were un-
changed, as was the triglyceride concentration. A detailed
evaluation showed that a significant increase in total, LDL
and HDL cholesterol concentration was observed only in
15-42 study participants, who were classified accordingly
as hyper responders [131, 132] (LOE Ib). In an expanded
evaluation, the effects were attributed above all to chang-
esin the distribution and frequency of individual subfrac-
tions within the lipoprotein classes [132] (LOE Ib). In an
intervention study on 53 men and 72 women aged 22-70,
Wolff et al. [126] (LOE Ib) were able to show that a low-
fat, low-cholesterol Mediterranean diet only resulted in a
decrease in the concentrations of total, HDL and LDL
cholesterol in persons classified as low cholesterol ab-
sorbers. The Mediterranean diet had no influence on the
lipoproteins of persons classified as high cholesterol ab-
sorbers. The diet had no influence on the triglyceride con-
centration irrespective of the absorber status.

The evidence is convincing that dietary cholesterol
slightly raises the total and LDL cholesterol concentration
in plasma. It is conceivable, however, that this effect is
considerably higher among the so-called responders or
high absorbers.

There is probable evidence for the lack of an associa-
tion between dietary cholesterol and the HDL concentra-
tion in plasma.

The evidence for the lack of an association between di-
etary cholesterol and the triglyceride concentration in
plasma is probable.

The evidence is probable that cholesterol ingested with
the diet increases the ratio of total to HDL cholesterol.

Due to a lack of studies, there is insufficient evidence
for an association between dietary cholesterol and the ra-
tio of LDL to HDL cholesterol.
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5.7 Need for Research — Dyslipoproteinaemia

Contrary to the numerous findings on the effects of
total fat, various fatty acids and dietary cholesterol on the
concentration and composition of the lipoproteins in
plasma in nutritional therapy of dyslipoproteinaemias,
only a few studies are available on their effects in the long-
term (multi-year) primary prevention of dyslipoprotein-
aemias. There continues to be a great demand for re-
search in this area.

The importance of the subclasses of individual lipo-
protein fractions and the influence of the intake of vari-
ous dietary fats on these subclasses has not been suffi-
ciently examined in intervention studies up to now, so
that a need for research continues to exist here, too.

SFA should be considered more precisely in future.
Although the differences in the influence of the indi-
vidual, even-numbered SFA on the concentration of
cholesterol in plasma depending on the chain-length are
known, the influences of the odd-numbered and
branched-chain SFA which are usually found as minor
components still have to be clarified. To take into ac-
count matrix effects too, future studies should examine
the various SFA in the context of different food sources
more precisely [133].

The role of dietary cholesterol with regard to its sig-
nificance in primary prevention for the total and LDL
cholesterol concentration, for the ratios of total to HDL
cholesterol and LDL to HDL cholesterol and finally for
cardiovascular events and mortality has not been suffi-
ciently examined either. The meaning of low absorbers
and high absorbers and responders and nonresponders
should be further clarified in this regard.

In perspective, intervention studies should be con-
ducted with a larger number of study participants in or-
der to improve the reliability of the study results. Inter-
vention studies should also be conducted over longer
periods of time, such as several years. By doing so, the
long-term effects on the plasma lipids caused by the
changed fat intake, as well as their significance for car-
diovascular events and mortality could be determined
simultaneously. In addition to a regular determination
of recognised risk factors, such as the plasma lipids,
compliance should also be recorded, for example, by de-
tecting or quantifying selected fatty acids from the con-
sumption and/or supplementation in the plasma of the
study participants. The significance of compliance in the
evaluation of nutritional and supplementation studies is
shown in the intervention study by Bjermo et al. [134],
for instance. Only when the linoleic acid concentration
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in the plasma of the study participants confirmed com-
pliance with the prescribed diet could a lowering of the
total and LDL cholesterol concentration, as well as the
triglyceride concentration and the ratio of total to HDL
cholesterol through n-6 fatty acids, be observed; in the
total evaluation of all test persons, only a moderate re-
duction of the total cholesterol concentration was re-
corded. In this regard, it appears necessary to document
the composition of the ingested fats and record the diet
followed during the intervention more reliably and in
more detail in future studies so that the results of the
studies can be evaluated better.

The fat ingested with the diet can have different effects
or effects of different intensity, depending on age and sex.
Possible age- and sex-dependent effects of the fats ingest-
ed with the diet on the plasma lipids could therefore be
examined in future research projects. Also, very little is
known of the significance of the interaction of individual
dietary fats with one another and with the surrounding
food matrix for the plasma lipids.

In intervention studies, the influence of fat intake on
the triglyceride concentration is usually examined in fast-
ing blood. Large prospective human studies indicate,
however, that the postprandial triglyceride concentration
is better suited for determining the CHD risk than the
concentration in the fasting blood [135-137]. Therefore,
there is a definite need to examine the importance of a
changed fat intake on the blood fats, in particular the tri-
glyceride concentration, postprandially. Although it is
time-consuming and difficult to standardise, it seems rea-
sonable to find out if and to what extent the postprandial
progression of the triglyceride concentration in plasma
manifests itself in different people depending on the type
of fatty acids ingested just as it is done with cholesterol
responders and nonresponders and/or low and high cho-
lesterol absorbers.

Numerous foods enriched with phytosterols or phyto-
stanols have come onto the market in recent years; these
contain sterols in quantities that can lower the total and
LDL cholesterol concentration. The influence of phytos-
terols on the plasma lipids should therefore be given con-
sideration in future evidence judgements.

Due to its possible significance as a risk factor for CHD
[138, 139], so-called remnant cholesterol should also be
taken into account as an independent parameter in future
studies in order to determine its significance for dyslipi-
daemias and the development of CHD. Due to the inad-
equacies of the Friedewald equation in calculating the
LDL cholesterol concentration (for example, an estima-
tion of the VLDL cholesterol from the triglycerides is no
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longer possible with triglyceride concentrations in plas-
ma of >400 mg/dl (>4.5 mmol/l)), the direct measuring of
the individual parameters will also be of importance in
future studies.

6 Quantity and Quality of Dietary Fat and Fatty Acid
Intake and Primary Prevention of Hypertension

6.1 Total Fat

Whether or not fat reduction leads to a change in
blood pressure was examined in several randomised in-
tervention studies in which a change in weight was the
primary endpoint in most cases. In a meta-analysis of
intervention studies with different fat content [25] (LOE
Ia), there were no significant effects on systolic (differ-
ence between fat-reduced and control diet = -0.56 mm
Hg; 95% CI -1.52 to 0.40) or diastolic blood pressure
(difference = -0.35 mm Hg; 95% CI -0.96 to 0.26). This
meta-analysis is dominated in terms of numbers by the
WHI Dietary Modification Trial [140] (LOE Ib). In this
study with 48,835 postmenopausal women, women in
the intervention group were motivated to reduce their
fat intake. The intervention resulted in an increase in the
carbohydrate proportion (58.3 vs. 48.0 en% after year 1;
53.9 vs. 45.9 en% after year 6), largely at the expense of
the fat proportion (24.3 vs. 35.1 en% after year 1;28.8 vs.
37.0 en% after year 6). Women in the intervention group
lowered their body weight in the first year of the study
slightly more than the women in the control group
(mean body weight 74.0 vs. 75.9 kg). Similarly, a meta-
analysis of 5 studies in which diets with a moderate fat
content (maximum 30 en%) were compared to diets
with a low carbohydrate content (maximum 60 g/day)
showed no difference in blood pressure after a 12-month
intervention period [141] (LOE Ia). In a meta-analysis
of 9 intervention studies from 2012, a significant - but
only moderate — effect on systolic (difference between
fat-reduced and control diet = -1.16 mm Hg; 95% CI
-1.95 to -0.37) and diastolic blood pressure (-0.83 mm
Hg; 95% CI -1.52 to -0.13) was observed [24] (LOE Ia).
Although studies with the purpose of weight reduction
were excluded from this meta-analysis, it remains un-
clear whether the effect on blood pressure was caused by
the change in weight. In another meta-analysis of 18
randomised intervention studies of overweight people,
medium-fat and low-fat diets (<30 en% fat) were com-
pared with low-carbohydrate diets (<45 en% carbohy-
drates) [142] (LOE Ia). Overall, the studies showed no
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difference in weight loss, which means that a difference
in blood pressure should mostly be independent on
changes in body weight. On average, no significant dif-
ference could be observed in systolic (-1.0 mm Hg; 95%
CI -3.5to 1.5) or diastolic (-0.7 mm Hg; 95% CI -1.6 to
0.2) blood pressure. The interpretation of the study re-
sults is partially complicated because the observed effect
is not always clearly attributable to the fat content due
to other simultaneous changes to the diet. Accordingly,
there are often considerable differences in the choice of
consumed foods and the nutrient composition of the di-
ets. Contrary to this, in the study by Sacks et al. [143]
(LOE Ib), the intervention diets were conceived in such
a way that comparable foods were to be consumed,
which means that in this study, the results are attribut-
able to the composition of the energy-supplying nutri-
ents. Under these conditions, too, comparable changes
in blood pressure were observed between 4 different
weight-reduction diets with different compositions of
energy-supplying nutrients.

On the basis of a meta-analysis of randomised inter-
vention studies, the evidence for a missing association be-
tween a reduced intake of total fat and the risk of hyper-
tension is judged as possible.

6.2 SFA

In intervention studies with normotensive people, no
significant relations between the intake of SFA compared
to n-6 fatty acids and blood pressure could be observed
[144-149]. The substitution of SFA with MUFA under
isocaloric conditions had no influence on blood pressure
either [27] (LOE Ib).

The results of observational studies on the intake of
SFA are inconsistent. In a prospective cohort study on
men, the P/S ratio (ratio of polyunsaturated fats (P) to
saturated fats (S) in the diet) was an independent predic-
tor for a reduction of systolic but simultaneously for
an increase of diastolic blood pressure over a period of
9 years [150] (LOE IIb). In another prospective cohort
study on men, no associations between SFA and PUFA
independent of the total fat content of the diet and
changes in body weight and hypertension risk were ob-
served [151] (LOE IIb). In the Women’s Health Study
too, neither intake of SFA nor the P/S ratio were associ-
ated with risk of hypertension (RR for a comparison of
extreme quintiles = 1.04; 95% CI 0.97-1.11) [152] (LOE
IIb).
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Data on SFA permit the conclusion that hypertension
cannot be prevented through a reduction in the propor-
tion of SFA. The large number of randomised interven-
tion studies on this issue provides probable evidence for
a missing association.

6.3 MUFA

A meta-analysis of isocaloric, randomised interven-
tion studies with MUFA-rich compared to carbohydrate-
rich diets showed no significant difference in systolic
(-1.3 mm Hg; 95% CI -0.1 to 2.6) or diastolic (-0.9 mm
Hg; 95% CI -0.1 to 1.9) blood pressure. There was, how-
ever, a high degree of heterogeneity between the interven-
tion studies, especially concerning the effect on systolic
blood pressure [153] (LOE Ia).

In an intervention study with diabetes patients, a
MUFA-rich diet led to no different blood pressure devel-
opment in the course of 1 year compared to a carbohy-
drate-rich diet, with both diets having comparable effects
on body weight [154] (LOE Ib). Jenkins et al. [155] (LOE
Ib) did not observe any differences in blood pressure be-
tween MUFA or carbohydrate-rich diets in patients with
hypercholesterolaemia.

In an intervention study, 58 men and women were al-
located to either a MUFA or PUFA-rich diet group after
a 17-day control diet with 19 en% SFA. After a 5-week
intervention, no differences were observed between the
groups with regard to systolic blood pressure, but the
change in diastolic blood pressure in the women in the
MUFA group (-2.9 mm Hg) was significantly different to
that of the women in the PUFA group (+2.4 mm Hg)
[147] (LOE Ib).

In a Finnish study with 87 men and women over an
intervention period of 8 weeks, no difference in blood
pressure was observed with alow-fat, MUFA-rich diet (26
en% total fat, 14 en% MUFA, 3 en% PUFA, 7 en% SFA)
compared to a low-fat, PUFA-rich diet (26 en% total fat,
8 en% MUFA, 8 en% PUFA, 8 en% SFA). In the same
study, there was also no difference compared to a low-fat,
SFA-rich diet (20 en% total fat, 8 en% MUFA, 3 en%
PUFA, 8 en% SFA) [149] (LOE Ib).

In an intervention study in which fat-rich diets with a
high SFA or high MUFA proportion were compared, no
different effects on blood pressure could be observed [27]
(LOE Ib). In the KANWU Study® on the other hand, a
MUPFA-rich diet (37 en% total fat, 21 en% MUFA) caused
a reduction in diastolic blood pressure, whereas blood
pressure in the group with the SFA-rich diet (37 en% total
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fat, 18 en% SFA) remained unchanged. This effect was
restricted to participants with a total fat intake of <37 en%
[156] (LOE Ib).

The intake of MUFA was not associated with risk of
hypertension in normotensive persons in the Women’s
Health Study (RR comparison of extreme quintiles = 1.05;
95% CI 0.99-1.12) [152] (LOE IIb).

Due to the high heterogeneity of the intervention stud-
ies, the evidence that the substitution of carbohydrates
with MUFA does not affect blood pressure is judged as
probable. There is insufficient evidence to date for an as-
sociation with hypertension risk when SFA or PUFA are
substituted with MUFA.

6.4 PUFA

6.4.1 Total PUFA

Whereas the P/S ratio was associated with a reduction
in systolic but an increase in diastolic blood pressure in
a prospective study on men over a period of 9 years [150]
(LOE IIb), no associations between SFA and PUFA and
hypertension risk which were independent of the total
fat content of the diet or changes in body weight were
observed in a prospective cohort study on men [151]
(LOE IIb). In the Women’s Health Study, too, neither
intake of PUFA (RR for the comparison of extreme
quintiles = 1.03; 95% CI 0.98-1.10) nor the P/S ratio
were associated with risk of hypertension [152] (LOE
IIb).

There are currently only a few studies on the associa-
tion between the intake of total PUFA and hypertension
risk. The evidence is insufficient.

6.4.2 n-6 Fatty Acids

Nossignificantrelations between intake of n-6 fatty acids
compared to SFA and blood pressure were observed in in-
tervention studies with normotensive persons [144-149].

The intake of n-6 fatty acids was not associated with
hypertension risk in the Women’s Health Study (RR com-
parison of extreme quintiles = 0.99; 95% CI 0.94-1.05)
[152] (LOE IIb).

3 KANWU Study: The name of the study is made up of the starting letters
of the participating study centres: Kupio, Aarhus, Naples, Wollongong and
Uppsala.
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On the basis of a large number of randomised inter-
vention studies, there is probable evidence for a missing
association between the substitution of SFA through n-6
fatty acids and risk of hypertension in normotensive per-
sons.

6.4.3 n-3 Fatty Acids

A meta-analysis of randomised studies on ALA,
which involved a total of 3 studies, could not observe any
effect on blood pressure [157] (LOE Ia). On the contrary,
supplementation with flaxseed oil (rich in ALA) caused
a more pronounced reduction of systolic and diastolic
blood pressure than safflower oil (rich in LA) in an in-
tervention study [158] (LOE Ib). All participants had
dyslipoproteinaemia, but most had normal blood pres-
sure.

There is possible evidence that there is no association
between a higher intake of ALA and hypertension risk.

Meta-analyses of randomised intervention studies on
long-chain n-3 fatty acids showed that supplementation
with long-chain n-3 fatty acids cannot significantly lower
the blood pressure of normotensive people [159-162]
(LOE Ia). The meta-analysis conducted by Geleijnse et al.
[161] (LOE Ia) comprised 27 intervention studies on fish
oil supplementation, 10 of which had a double-blind study
design (527 adults). The amount of fish oil administered
was relatively high in most studies (median = 3.7 g/day).
Taking all studies into account, fish oil supplementation
in normotensive people did not significantly lower sys-
tolic blood pressure (-1.0 mm Hg; 95% CI -2.4 to 0.1), but
did significantly lower diastolic blood pressure by 1.2 mm
Hg (95% CI -1.9 to -0.4). Results from the double-blind
studies did show a weakened, non-significant effect, how-
ever (systolic -0.3 mm Hg, diastolic -0.7 mm Hg). The
same result was reached in the meta-analysis by Campbell
et al. [162] (LOE Ia), which covers 9 intervention studies
with normotensive persons. Here, the change in blood
pressure through supplementation with long-chain n-3
fatty acids compared to placebo (various vegetable oils)
amounted to -0.5 mm Hg systolic (95% CI -1.4 to 0.45)
and -0.5 mm Hg diastolic (95% CI -1.2 to 0.2).

The recently published result of a very large meta-
analysis of a total of 70 intervention studies shows that
with supplementation averaging 3.8 g per day with nor-
motensive people, EPA/DHA significantly lower systolic
(-1.25mm Hg; 95% CI -2.05 to -0.46) and diastolic blood
pressure (-0.62 mm Hg; 95% CI -1.22 to -0.02) [163]
(LOE Ia).
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In the Women’s Health Study, intake of n-3 fatty acids
(ALA and long-chain n-3 fatty acids) was not associated
with hypertension risk (RR comparison of extreme quin-
tiles = 1.01; 95% CI 0.96-1.07) [152] (LOE IIb). By con-
trast, participants in the CARDIA Study (Coronary Artery
Risk Development in Young Adults Study) with a high in-
take of long-chain n-3 fatty acids had a significantly re-
duced hypertension risk (hazard ratio = 0.65; 95% CI
0.53-0.79) [164] (LOE IIb).

There is probable evidence that long-chain n-3 fatty
acids have a blood pressure-reducing effect. Blood pres-
sure-reducing effects are not possible with the amounts of
long-chain n-3 fatty acids normally ingested with conven-
tional foods.

6.4.4 Ratio of n-6 to n-3 Fatty Acids

Supplementation with flaxseed oil (54% ALA) caused
a reduction of systolic and diastolic blood pressure com-
pared to safflower oil (74% LA) in an intervention study
with persons with dyslipoproteinaemia [158] (LOE Ib).
In the Women’s Health Study, on the other hand, the ratio
of n-6 to n-3 fatty acids was not associated with the risk
of hypertension (RR comparison of extreme quintiles =
0.98; 95% CI 0.93-1.04) [152] (LOE IIb).

There are currently only a few studies on the associa-
tion between the ratio of n-6 to n-3 fatty acids and the
hypertension risk. The evidence is insufficient.

6.5 Trans Fatty Acids

In the Women’s Health Study, a higher intake of trans
fatty acids was associated with an increased risk of hyper-
tension (RR comparison of extreme quintiles = 1.08; 95%
CI 1.01-1.15) [152] (LOE IIb).

There is currently only one study on the association
between the intake of trans fatty acids and the hyperten-
sion risk. The evidence is insufficient.

6.6 Need for Research — Hypertension

The effect of MUFA on the blood pressure of normo-
tensive persons has still not been sufficiently documented.
It is in particular still not clear what effect the substitution
of MUFA with SFA could have. Studies on the substitu-
tion of carbohydrates with MUFA also show considerable
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heterogeneity. More studies on primary prevention con-
ducted with a larger number of study participants under a
constant weight would be desirable here.

Although a blood pressure-lowering effect of long-
chain n-3 fatty acids exists with hypertensive people, the
effects with normotensive persons are low. It still remains
questionable which effects can be achieved through
amounts of long-chain n-3 fatty acids realisable through
alimentary intake as pharmacological doses have been
used up to now in the majority of intervention studies.
Studies on primary prevention would be particularly de-
sirable here. Possible differences between EPA and DHA
have not been sufficiently investigated until now. The
data situation regarding ALA is also weak; more studies
for comparison with LA-rich vegetable oils would be of
interest here. The influence that a substitution of ALA
with SFA or MUFA could have on blood pressure has not
been systematically examined until now.

So far, the effects of trans fatty acids on hypertension
risk have largely not been researched. In particular, pro-
spective cohort studies in which information on the in-
take of trans fatty acids is recorded could enable an im-
provement of the evidence situation here.

7 Quantity and Quality of Dietary Fat and Fatty
Acid Intake and Primary Prevention of Metabolic
Syndrome

Within the scope of the research, a limited number of
prospective cohort and intervention studies on the asso-
ciation between fat intake and metabolic syndrome were
found. The identified intervention studies often have the
disadvantage of being interventions with different com-
ponents, so that effects cannot be clearly attributed to a
single exposure factor. The studies are very heteroge-
neous and sometimes differ greatly from one another
with regard to the number of participants, age of the par-
ticipants and period of observation, as well as the quality
of the process.

In the research, only those studies that complied with
the definition of metabolic syndrome with the criteria de-
fined by the NCEP Expert Panel [165] and/or IDF [166]
were selected. The use of different limit values in the def-
initions considered for metabolic syndrome can also be
one of the reasons for the not-always consistent results,
even though the NCEP criteria were used in the majority
of studies. Apart from this, there are still uncertainties
which limit values are appropriate for the various ethnic
groups and permit comparison. As most of the studies
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were conducted among Caucasians, however, this aspect
has played a minor role up to now with regard to the com-
parability of study results.

7.1 Total Fat

The results of the secondary analysis of 4 intervention
studies are available in which the association between to-
tal fat intake and the development of metabolic syndrome
was evaluated.

In a follow-up examination of the Dietary Intervention
Study in Children (DISC), the long-term effect of a change
in diet over many years was examined with the goal of
reducing total fat intake and increasing the intake of di-
etary fibre. Nine years after the end of the intervention,
no difference in the prevalence of metabolic syndrome
was found among the 230 female participants aged be-
tween 25 and 28 years. SFA intake was significantly lower
and dietary fibre intake significantly higher in the inter-
vention group than in the control group. Systolic blood
pressure was significantly lower in the intervention group
than in the control group. The serum concentrations of
the large VLDL particles were also significantly lower in
the intervention group, but the other lipid parameters
were not [167] (LOE Ib).

In a secondary analysis of the Finnish Diabetes Preven-
tion Study, a significant reduction in the prevalence of
metabolic syndrome was found in the intervention group
compared to the control group (OR = 0.62; 95% CI 0.40-
0.95). As the lifestyle intervention comprised a total of 5
components, including a reduction of total fat intake to
<30 en% and of SFA to <10 en%, as well as an increase in
dietary fibre intake and physical activity, an estimation of
the sole effect of the fat reduction is hardly possible. It
should also be noted that 74% of the participants already
fulfilled the criteria for the existence of metabolic syn-
drome at the time of inclusion in the study, so that the
study rather is a secondary prevention study [168] (LOE
Ib).

In an intervention study conducted in Italy on 335
adults aged between 45 and 64, the results of a 1-year life-
style intervention with general recommendations to re-
strict the intake of total fat and SFA and increase the in-
take of dietary fibres and PUFA along with physical activ-
ity were compared with those of a control group without
intervention. It was shown here that the lifestyle interven-
tion produced a highly significant reduction in the occur-
rence of metabolic syndrome (OR = 0.28; 95% CI 0.18-
0.44). This too tends to be more of a secondary prevention
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study as over 70% of the participants already had meta-
bolic syndrome when they were included in the study
[169] (LOE Ib).

In an American intervention study conducted with
179 men and 149 women over a period of 1 year, the effect
of 4 concepts on the change of a defined continuous score
for metabolic syndrome were compared [170]. The prev-
alence of metabolic syndrome was approximately 30% in
the 4 groups at the start of the study. A fat-reduced diet
alone (<30 en% total fat and <7 en% SFA) as well as the
combination of a fat-reduced diet and additional physical
exercise lowered the score most strongly and significant-
ly compared to the control group. After making adjust-
ments for changes in the body fat level, however, there
was no longer any difference between the 4 intervention
groups [171] (LOE Ib).

In addition to this, several cohort studies with publica-
tion dates 0of 2001 and younger which examined the influ-
ence of the total fat proportion on the risk of metabolic
syndrome were found.

In the Coronary Artery Risk Development in Young
Adults (CARDIA) study with 4,192 men and women
(49% Afro-Americans) aged between 18 and 30 at the be-
ginning of the study, a significantly increased risk for the
development of metabolic syndrome (RR = 1.64; 95% CI
1.19-2.25) was observed after a mean observation period
of 13.6 years in the quintile with the highest total fat in-
take (42-59 en%) compared to the reference quintile 3
with a lower fat intake (36-39 en%) [172] (LOE IIb).

In a subcohort of the Framingham Nutrition Study of
300 women with a healthy metabolism aged 30-69 years,
the incidence of metabolic syndrome over a period of 12
years in dependence on 19 nutrients was examined and
evaluated by means of multivariate, logistical regression
analysis under consideration of age, smoking, exercise
and menopause status. Women in the highest tertile of a
nutrition risk score on the basis of these 19 nutrients,
which was distinguished above all by a higher total fat in-
take and lower dietary fibre intake, had a 3 times higher
risk of developing metabolic syndrome (OR = 3.0; 95% CI
1.2-7.6) than persons in the lowest tertile [173] (LOEIIb).

In an Iranian study involving 410 men and women
aged between 18 and 74 years, 71 persons (33 men, 38
women) developed metabolic syndrome as defined by
NCERP criteria after an average observation period of 3.5
years. The best predictors proved to be hypertension,
waist circumference, serum triglyceride and HDL choles-
terol concentration. In the univariate analysis, there was
an association between total fat intake and metabolic syn-
drome, which was also detectable after considering po-
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tential confounding factors such as BMI and total energy
intake (OR = 3.3; 95% CI 1.3-8.2) [174] (LOE IIb).

Over a period averaging 8 years, Ventura et al. [175]
observed 152 white girls who were 5 years old at the be-
ginning of the study. By means of a statistical method,
which included 6 risk factor variables of metabolic syn-
drome, the girls were divided into 4 groups at the age of
13 years: ‘low risk of metabolic syndrome’, low risk of
dyslipidaemia’, low risk of hypertension” and ‘high risk
of metabolic syndrome’. With regard to their diet, the
groups differed only in the consumption of sugar-sweet-
ened drinks. Regarding the other energy-supplying nutri-
ents including fats, on the other hand, no association with
the development of metabolic syndrome was found [175]
(LOE IIb).

Due to the small number of prospective studies, the
evidence for a positive association between the total fat
proportion of the diet and the occurrence of metabolic
syndrome is judged as possible.

7.2 SFA

No prospective study was found regarding an associa-
tion between intake of SFA and risk of metabolic syn-
drome, but there are a few studies in which the role of SFA
was observed in combination with other nutritional fac-
tors. These studies [168, 169] have already been presented
in section 7.1.

Due to a lack of suitable studies, the evidence for an
association between SFA intake and the occurrence of
metabolic syndrome is judged as insufficient.

7.3 MUFA

No study that complied with the a priori defined crite-
ria for the literature research could be identified.

Due to lack of studies, the evidence for an association
between MUFA intake and the occurrence of metabolic
syndrome is judged as insufficient.

7.4 PUFA

Overall, only a few intervention and cohort studies
were found in which an association between PUFA intake
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and metabolic syndrome was examined. A differentiation
between n-6 and n-3 fatty acids was rarely made.

In the Prevencion con Dieta Mediterranea
(PREDIMED) Study, a randomised, controlled inter-
vention study, 3 nutrition concepts were compared in
the course of a year in a Spanish random sample with
regard to their potential for preventing and treating
metabolic syndrome. At the time of inclusion, 61.4% of
the 1,224 study participants fulfilled the NCEP defini-
tion criteria for metabolic syndrome. Two dietary forms
were Mediterranean, supplemented with olive oil or
30 g of nuts per day. A low-fat mixed diet served as con-
trol. The 3 dietary forms did not differ with regard to the
first-time occurrence of metabolic syndrome. With an
OR of 1.7 (95% CI 1.1-2.6), however, the remission rate
of metabolic syndrome was highest among the Mediter-
ranean diet with nuts compared to the control group.
The protective effect of a Mediterranean diet with nuts
with regard to the development of metabolic syndrome
should trace back to various small effects, which only
explain this decline when added toghether. The change
in diet was not striking but consisted essentially of an
increased intake of MUFA, PUFA and dietary fibres and
a lower intake of SFA [176] (LOE Ib).

In addition to the PREDIMED Study, which can be
viewed as a combination of a primary and a secondary
prevention study, there are only a few prospective cohort
studies on this topic.

In a Finnish study with 665 participants born in the
years 1942, 1947, 1952, 1957 and 1962, the n-6 fatty acid
proportion of the serum lipids was inversely associated
with the incidence of metabolic syndrome, which was re-
corded over a mean observation period of 6.4 years. This
relation remained after adjustment for BMI, intake of an-
tilipemics, smoking, alcohol and physical activity [177]
(LOE IIb).

Within the scope of a population-based cohort study
with 3,504 Koreans aged between 40 and 69 years, the
effect of fish consumption and/or intake of n-3 fatty ac-
ids on the incidence of metabolic syndrome was exam-
ined. After an average observation period of 4 years, 602
persons (345 men and 257 women) had developed a
metabolic syndrome. When evaluating n-3 fatty acid
intake, men in the highest decile had an incidence of
metabolic syndrome that was only half as high as that
of men in the lowest decile (OR = 0.53; 95% CI 0.28-
0.99). Unlike men, there was no association between
fish consumption and n-3 fatty acid intake and the oc-
currence of metabolic syndrome in women [178] (LOE
Ib).
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In a Swedish cohort study (Uppsala Longitudinal
Study of Adult Men), the fatty acid composition in plas-
ma lipids was determined and set in relation to the devel-
opment of metabolic syndrome. A total of 2,009 men
aged 50 and 576 men aged 70 were examined. The factor
analysis identified the following 3 main factors: a ‘low
linoleic acid factor’, an ‘SFA factor’ and an ‘n-3-PUFA
factor’. The ‘low linoleic acid factor’ (OR = 1.16; 95% CI
0.96-1.40) and ‘n-3-PUFA factor’ (OR = 0.78; 95% CI
0.64-0.94) predicted the development of metabolic syn-
drome over a period of 20 years, irrespective of smoking,
physical activity and BMI. The authors conclude from
this that more than any other factor, the fat quality is of
significance for the development of metabolic syndrome.
High consumption of PUFA and low intake of SFA low-
er the risk of developing metabolic syndrome [179] (LOE
IIb).

The evidence for an inverse association between PUFA
intake and the occurrence of metabolic syndrome is
judged as possible.

7.5 Trans Fatty Acids
No studies were found regarding this aspect.

Due to a lack of studies, the evidence for an association
between the intake of trans fatty acids and the occurrence
of metabolic syndrome is judged as insufficient.

7.6 Need for Research — Metabolic Syndrome

The number of identified studies on the intake of total
fat and various fatty acids is too small and the results too
inconsistent to derive meaningful associations with a
higher degree of evidence. Accordingly, there is an urgent
need for more studies with a prospective design in order
to better understand the association between fat intake
and the prevention of metabolic syndrome. Additional
intervention studies would be desirable. It should be not-
ed here, however, that because lifestyle interventions are
made up of several components, it is difficult to estimate
the effects of the component dietary fat.

It should also be noted that there are only a few stud-
ies on the significance of diet in childhood and adoles-
cence for the prevention of metabolic syndrome, even
though this is also of interest in light of the growing prob-
lems that are arising in people of this age. The topic has
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attracted considerably more interest in recent years,
however, after it was shown that this syndrome is fre-
quently encountered in extremely obese children and ad-
olescents [180].

8 Quantity and Quality of Dietary Fat and Fatty Acid
Intake and Primary Prevention of CHD

Since the first edition of the DGE guideline ‘Fat Intake
and Prevention of Selected Nutrition-Related Diseases’ in
2006, several meta-analyses of randomised and controlled
intervention studies and prospective cohort studies have
been published, which take into account virtually all im-
portant studies. For the judgement of the evidence, meta-
analyses or pooled analyses will mainly be used in the fol-
lowing chapter.

In line with the main focus of the work of the DGE
on primary prevention, this new edition of the fat guide-
line refrains from the results of studies on secondary
prevention and does not consider intervention studies
and meta-analyses, which only deal with secondary pre-
vention for the evaluation of the evidence. As no differ-
ence is made between intervention studies on primary
and secondary prevention in several meta-analyses,
however, the common effect estimate must be given in
cases of this kind. If the results of all meta-analyses of
the intervention studies on secondary prevention were
included in full, harder evidence would be revealed at
times.

8.1 Total Fat

The described influence of fatty acid intake on the
plasma lipids and lipoproteins led to the notion that the
risk of CHD, too, could be reduced by lowering total fat
intake. As dietary fat always consists of a mixture of var-
ious fatty acids, the sometimes opposing biological ef-
fects of the different fatty acids/groups take effect simul-
taneously. The possible effect of a reduction in total fat
intake therefore also depends on the fatty acid pattern
of the dietary fat (or its change through the interven-
tion).

The outstanding intervention study among the few
studies on primary prevention of CHD through a reduc-
tion of fat intake is the Women’s Health Initiative Dietary
Modification Trial [140]. The study is given special atten-
tion here, even though it is also included in the following
meta-analysis.
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In the Women’s Health Initiative Dietary Modification
Trial, no significant influence on the number of new cas-
es of CHD was achieved through fat reduction of 8.2% of
energy intake with negligible change to the P/S ratio (in-
tervention 0.7, control 0.6) among 19,541 postmenopaus-
al women over a period of 6 years. After the exclusion of
study participants who already had CHD, the hazard ratio
equalled 0.94 (95% CI 0.86-1.02) in the intervention
group [140] (LOE Ib).

The meta-analysis of 4 intervention studies (including
2 on primary prevention) conducted by Mente et al. [181]
(LOE Ia) showed no significant association between the
reduction of total fat in a person’s diet and risk of CHD
(RR = 1.05; 95% CI 0.99-1.11). The 2 individual studies
on primary prevention did not show any significant as-
sociations either.

The latest meta-analysis of 24 intervention studies of
adults with or without a cardiovascular precondition
(mainly studies on secondary prevention) from 2012 ex-
amined the influence of fat reduction or modification on
the risk of cardiovascular diseases [25] (LOE Ia). Al-
though a statistically significant reduction in the risk of
cardiovascular diseases of 14% (RR = 0.86; 95% CI 0.77-
0.96) was established, there was no significant influence
on cardiovascular mortality (RR = 0.96; 95% CI 0.82-
1.13) and cardiovascular events (RR = 0.97; 95% CI 0.87-
1.08). Subanalyses indicate that this effect on the inci-
dence of cardiovascular diseases is attributable to fat
modification and not to fat reduction. The authors of the
study found no clear indication of heterogeneity in differ-
ent risk groups (subdivided into low, moderate and high
cardiovascular risk).

A more recent meta-analysis included 146 prospective
cohort studies (125 studies on primary prevention) with
a mean observation period of 11 years. The results of 5
cohort studies (primary prevention) were included for
the evaluation of the association between total fat intake
and CHD risk. There was no association between total fat
intake and risk of CHD (RR = 0.98; 95% CI 0.87-1.10)
[181] (LOE IIa).

On the basis of a comparable selection of reference lit-
erature (4 studies), another meta-analysis of cohort stud-
ies (primary prevention) from 2009 could not prove a sig-
nificant association between total fat intake and CHD in-
cidence [182] (LOE IIa).

For total fat intake (without regarding fat quality),
there is probable evidence for a missing association with
the occurrence of CHD in the area of primary prevention.
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8.2 SFA

A meta-analysis of 9 intervention studies with substi-
tution of SFA with PUFA (without inclusion of studies
focusing on fish oil fatty acids; mainly studies on second-
ary prevention) and therefore a higher P/S ratio of the
diet, there was a statistically significant reduction of CHD
risk by 17% (RR = 0.83; 95% CI 0.69-1.00) [182] (LOE Ia).
There was no significant heterogeneity between the stud-
ies and no significant effect on CHD mortality (RR = 0.84;
95% CI 0.62-1.12). A subanalysis limited to 6 studies in
which a significant reduction of the serum cholesterol
concentration was achieved in the intervention group
showed stronger effects on CHD incidence (RR = 0.68;
95% CI 0.49-0.94); CHD mortality was also statistically
significantly reduced in this subanalysis (RR = 0.52; 95%
CI 0.30-0.87) [182] (LOE Ia).

Another meta-analysis of 8 intervention studies on the
influence of the substitution of SFA with PUFA the CHD
risk (fatal and non-fatal) showed a significant risk reduc-
tion. With an increase of PUFA intake by 5 en%, risk of
CHD decreased by 10% (RR = 0.90; 95% CI 0.83-0.97)
[183] (LOE Ia). There was no significant heterogeneity
between the studies, most of which dealt with secondary
prevention. A significantly reduced CHD mortality was
also seen in secondary analyses along with a stronger ef-
fect the longer the studies lasted.

Published in 2012, the Cochrane analysis of 24 inter-
vention studies involving adults with or without cardio-
vascular preconditions (mainly studies on secondary pre-
vention) examined the influence of fat reduction or modi-
fication on the risk of cardiovascular disease [25] (LOE Ia).
As already mentioned, a statistically significant reduction
of the risk of cardiovascular disease of 14% (RR = 0.86; 95%
CI 0.77-0.96) was established. The authors of this study
interpret its results in such a way that a reduction in SFA
(through a reduction or modification of fat in the diet)
could have a protective effect against cardiovascular events,
while they assess the quality of the evidence as ‘moderate’
(between ‘high’ and low’). The results of subanalyses indi-
cate that this reduction of the cardiovascular risk occurred
in particular in studies with fat modification (not fat re-
duction), as well as in studies with a duration of at least 2
years and in studies with men [25] (LOE Ia).

According to the results of the meta-analysis of cohort
studies by Mente etal. [181] (LOE IIa), intake of SFA does
not influence incidence of CHD. Including the results of
10 studies on primary prevention, the calculated relative
risk in the highest versus the lowest intake group was not
significantly different (RR = 1.06; 95% CI 0.96-1.16).

Ann Nutr Metab 2015;67:141-205
DOI: 10.1159/000437243

174

A further meta-analysis of 9 cohort studies (primary
prevention) from 2009 could not prove any significant
association between intake of SFA and CHD incidence or
CHD mortality either [182] (LOE Ila).

One year later, Siri-Tarino et al. [184] (LOE IIa) pub-
lished a meta-analysis of 21 cohort studies (primary pre-
vention) in which they could not find any statistically sig-
nificant association between SFA intake and incidence of
CHD; the calculated relative risk was RR = 1.07 (95% CI
0.96-1.19).

A pooled analysis of 11 cohort studies (primary preven-
tion) used substitution models in which energy intake
from SFA was substituted for energy intake from MUFA,
PUFA or carbohydrates. The results showed a statistically
significantlower CHD incidence and CHD mortality when
SFA is replaced by PUFA. The risk of CHD decreased by
13% (RR = 0.87; 95% CI 0.77-0.97) and risk of CHD mor-
tality by 26% (RR = 0.74; 95% CI 0.61-0.89) per 5-en%
substitution of SFA for PUFA. When SFA was replaced
with MUFA, there was a slight, non-significant increase in
the risk of coronary deaths (RR = 1.01; 95% CI 0.73-1.41),
whereas when SFA was replaced with carbohydrates, the
risk of coronary deaths decreased slightly but not signifi-
cantly (RR = 0.96; 95% CI 0.82-1.13) [185] (LOE IIa).

The results of a follow-up work in a Danish cohort
study indicated that when SFA is substituted for carbohy-
drates with a lower glycaemic index, a risk reduction for
myocardial infarction was possible, whereas if it is re-
placed by carbohydrates with a high glycaemic index, risk
of myocardial infarction increased significantly [186]
(LOE IIb).

It is noticeable that significant results are to be seen
only in meta-analyses of cohort studies that examined the
substitution of SFA with PUFA and that consistently no
associations were found in the other meta-analyses, which
did not control the substitution. The results in 2 of 3 avail-
able meta-analyses of intervention studies also showed a
favourable effect on CHD risk through the replacement
of SFA with PUFA [182, 183] (LOE Ia). The effect detect-
ed by Hooper et al. [25] (LOE Ia) was also attributable to
fat modification (often in studies where SFA was substi-
tuted with PUFA, too).

A new meta-analysis of intervention studies, observa-
tional studies with measurement of fat intake via food,
and observational studies with biomarker data involving
a total of over 600,000 participants had to be revised
shortly after it was first published. In the revised form
[187] (LOE IIa), no significant risk relation to CHD was
found in the evaluation of 20 observational studies, which
assessed alimentary SFA intake. No significant relation to
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CHD risk could be determined in 8 studies that assessed
SFA as a biomarker. This large study was quickly con-
fronted by several objections against its results [188, 189].

The evidence for primary prevention of CHD through
a reduction in the intake of SFA in exchange for PUFA is
judged as probable.

The evidence for a missing association between CHD
risk and a reduction in the intake of SFA in exchange for
MUFA or carbohydrates is judged as possible.

The evidence for a missing association between CHD
risk and a reduction in the intake of SFA (without spe-
cific substitution by another energy source) is judged as
possible.

8.3 MUFA

Randomised intervention studies on the specific sub-
stitution of SFA with MUFA could not be identified.

In a meta-analysis based on the results of 4 cohort
studies (primary prevention), a significantly reduced risk
of CHD (incidence and mortality) was reported with in-
creased MUFA intake (RR = 0.80; 95% CI 0.67-0.93)
[181] (LOE ITa).

In another meta-analysis of 7 cohort studies (primary
prevention) from 2009, no significant associations be-
tween MUFA intake and risk of CHD (RR = 0.87; 95% CI
0.74-1.03) or CHD mortality (RR = 0.85; 95% CI 0.60-
1.20) could be proven [182] (LOE IIa).

In the meta-analysis conducted by Chowdhury et al.
[187] (LOE IIa), no association could be determined be-
tween MUFA intake from food and the MUFA concen-
tration of the biomarker data and CHD risk.

According to the pooled analysis of 11 cohort studies
(primary prevention) by Jakobsen et al. [185] (LOE IIa),
MUFA as a substitute for SFA increase the risk of CHD
(RR =1.19;95% CI 1.00-1.42), but not of CHD mortality
(RR=1.01;95% CI 0.73-1.41). According to the authors,
this increased risk can be attributed at least in part to the
incomplete adjustment for trans fatty acids (trans fatty
acids are contained in total MUFA).

In the meta-analysis by Schwingshackl and Hoffmann
[190] (LOE IIa), no significant effect on cardiological
mortality (RR = 0.96; 95% CI 0.89-1.04), combined car-
diovascular events (RR = 0.95; 95% CI 0.89-1.02) and
CHD (RR = 0.99; 95% CI 0.93-1.06) could be found for
MUFA in cohort studies. The MUFA:SFA ratio showed
a significantly reduced risk only for cardiovascular mor-
tality (RR = 0.91; 95% CI 0.83-0.99).
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There is possible evidence for a missing association for
primary prevention of CHD through MUFA (without
trans fatty acids).

8.4 PUFA

8.4.1 Total PUFA

The meta-analysis of 5 intervention studies (including
3 studies on primary prevention) by Mente et al. [181]
(LOE Ia) showed no significant association between
PUFA intake and risk of CHD (RR = 0.94; 95% CI 0.87-
1.02).

Asalready explained in section 8.2 (SFA), a meta-anal-
ysis of 9 intervention studies with substitution of SFA
with PUFA (excluding studies that focused on fish oil fat-
ty acids; the majority of them were studies on secondary
prevention) and thereby an increased P/S ratio of the diet
showed no significant reduction of CHD risk (RR = 0.83;
95% CI0.69-1.00, p = 0.050). When restricted to 6 studies
in which a significant reduction of the serum cholesterol
concentration was achieved in the intervention group,
there was a stronger lowering effect on CHD incidence
(RR =0.68;95% CI 0.49-0.94), while CHD mortality was
also statistically significantly reduced (RR = 0.52; 95% CI
0.30-0.87) [182] (LOE Ia).

A meta-analysis of intervention studies on primary
and secondary prevention, which specifically compared
the effects of n-6 fatty acids (see section 8.4.2) with those
of a mixture of n-3 and n-6 fatty acids in the diet, showed
significant differences in their effect on CHD risk. An in-
crease in n-6 fatty acid intake alone showed no effect on
risk of myocardial infarction and CHD mortality (RR =
1.13; 95% CI 0.84-1.53), whereas the studies with an in-
creased intake of a mixture of n-3 and n-6 fatty acids
achieved a significant risk reduction (RR = 0.78; 95% CI
0.65-0.93) [191] (LOE Ia).

Another meta-analysis of 8 intervention studies (3 pri-
mary prevention, 4 secondary prevention and 1 mixed)
on the influence of the substitution of SFA with PUFA on
CHD risk showed significant results. Per 5 en% from
PUFA, CHD risk decreased by 10% (RR = 0.90; 95% CI
0.83-0.97) [183] (LOE Ia). Significantly reduced CHD
mortality (RR = 0.80; 95% CI 0.65-0.98) and a stronger
effect the longer the study lasted were also seen in second-
ary analyses. Closer analysis of the data from this meta-
analysis by Ramsden et al. [191] came to the conclusion
that in 5 of the 8 intervention studies, part of the SFA had
been substituted by a mixture of n-6 and n-3 fatty acids
and was responsible for the reduction of the CHD risk.
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According to the results of the meta-analysis of 5 co-
hort studies (primary prevention) by Mente et al. [181]
(LOE IIa), intake of PUFA does not influence risk of
CHD. The calculated relative risk in the highest versus the
lowest intake group was not significantly different (RR =
1.03; 95% CI1 0.78-1.28).

A further meta-analysis of 6 cohort studies (primary
prevention) from 2009 was not able to establish a signifi-
cant association (RR = 0.97; 95% CI 0.74-1.27) between
intake of PUFA and risk of CHD either, but CHD mortal-
ity was significantly increased in the highest (vs. lowest)
intake group (RR = 1.25; 95% CI 1.06-1.47) [182] (LOE
IIa).

A pooled analysis of 11 cohort studies (primary pre-
vention) used substitution models in which energy intake
from SFA was replaced by energy intake from PUFA. As
already explained in section 8.2 (SFA), the results showed
a statistically significantly lower CHD incidence and
CHD mortality when SFA was replaced by PUFA. The
risk of CHD dropped by 13% (RR = 0.87; 95% CI 0.77-
0.97) per 5-en% substitution of SFA with PUFA and risk
of CHD mortality by 26% (RR = 0.74; 95% CI 0.61-0.89)
[185] (LOE IIa).

The evidence for primary prevention of CHD through
an increase in the intake of PUFA with a simultaneous
reduction in SFA intake (and thereby an increase in the
P/S ratio of the diet) is judged as probable. The use of a
mixture of n-3 and n-6 fatty acids as a substitute for SFA
has proven to be particularly effective in protecting against
CHD.

The evidence for a missing association between pri-
mary prevention of CHD and an increase in the intake of
PUFA without substitution for SFA is judged as possible.

8.4.2 n-6 Fatty Acids

In the meta-analysis of intervention studies on prima-
ry and secondary prevention by Ramsden et al. [191]
(LOE Ia), which was already mentioned in section 8.4.1,
an increase in n-6 fatty acid intake alone showed no effect
on the risk of the combined endpoints of non-fatal myo-
cardial infarction and CHD mortality (RR = 1.13; 95% CI
0.84-1.53).

The meta-analysis of randomised, controlled inter-
vention studies by Chowdhury et al. [187] (LOE Ia)
showed that supplementation with n-6 fatty acids had no
association with CHD risk. Also, no association between
n-6 fatty acid intake from food and the n-6 fatty acid con-
centration of the biomarker data and CHD risk could be
identified [187] (LOE IIa). As already mentioned in sec-
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tion 8.2, this study was quickly confronted with several
objections against its results [188, 189].

A meta-analysis of 3 cohort studies (primary preven-
tion) determined no significant association between
intake of LA and the risk of the occurrence of CHD
(RR = 1.05; 95% CI 0.92-1.20), but CHD mortality was
significantly increased in the highest (vs. lowest) intake
group (RR=1.25;95% CI 1.02-1.52) [182] (LOE IIa). The
results of the 2 biggest of the 3 studies included in the
analysis matched up well, but the differences between the
highest and lowest intake groups were not statistically sig-
nificant in the individual studies.

A reduced CHD risk of 9% (RR = 0.91; 95% CI 0.84-
0.98) was also found in a meta-analysis of 5 prospective
studies with persons with 5% higher LA values in the
cholesterol esters of plasma as biomarker [192] (LOE
IIa).

A meta-analysis of 13 cohort studies with more than
300,000 participants showed a significantly lower risk of
myocardial infarction of 15% (RR = 0.85; 95% CI 0.78-
0.92) and a significantly lower risk of fatal myocardial in-
farction of 21% (RR = 0.79; 95% CI 0.71-0.89) among
participants in the groups with the highest intake of LA
compared to the groups with the lowest intake of LA.
When 5 en% SFA in the diet were replaced with the same
amount of LA, risk of myocardial infarction decreased
significantly by 9% (RR = 0.91; 95% CI 0.87-0.96) and
risk of a fatal myocardial infarction also significantly by
13% (RR = 0.87; 95% CI 0.82-0.94) [193] (LOE IIa).

The derivation of the evidence for primary prevention
is based on the results of cohort studies, in particular on
the latest meta-analysis by Farvid et al. [193] with the
most comprehensive data situation. The vast majority of
the available intervention studies were conducted on pa-
tients (secondary prevention) and several of them showed
considerable methodological points of criticism.

There is possible evidence that an increased intake of
n-6 fatty acids reduces the risk of occurrence of CHD.

8.4.3 n-3 Fatty Acids

The most important n-3 fatty acids in human nutrition
are EPA and DHA in fish and ALA in vegetable oils. The
first two, whose synthesis in the human body from ALA
is facilitated by a certain ratio of linoleic acid to ALA in
food, are biologically more effective [194, 195].

ALA
An intervention study from Norway on primary pre-
vention through the supplementation of 10 ml of linseed
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oil, equivalent to 5.5 g ALA, per day over 1 year showed
no reduction of CHD risk [196] (LOE Ib). The high con-
sumption of fish in Norway, which possibly does not
permit any further reduction of the CHD risk, was given
as the reason for this [197] (LOE Ia). In a Finnish inter-
vention study on primary prevention, intake of ALA was
increased to 5.6 g per day by substituting milk fat with
soya oil, thus significantly reducing the frequency of
CHD in men [198] (LOE Ib), but not in women [199]
(LOE Ib).

The meta-analysis of randomised, controlled inter-
vention studies conducted by Chowdhury et al. [187]
(LOE Ia) showed that supplementation with ALA has no
association with CHD risk. No association between ALA
intake from food and the ALA concentration of the bio-
marker data and CHD risk could be determined either
[187] (LOE IIa).

A meta-analysis of 5 prospective cohort studies (pri-
mary prevention) showed a reduction of CHD mortality
of 21% through increased intake of ALA; however, it was
not significant [200] (LOE IIa).

A meta-analysis from 2009 involving 4 cohort studies
(primary prevention) did not establish any significant as-
sociation between intake of ALA and risk of CHD or
CHD mortality [182] (LOE Ila).

In the meta-analysis by Mente et al. [181] (LOE Ila) of
4 cohort studies on the primary prevention of CHD, ALA
intake did not influence CHD risk (RR = 1.04; 95% CI
0.86-1.21).

In the meta-analysis by Pan et al. [201] (LOE IIa) in-
volving 27 observational studies, a significant reduction
in the risk of cardiovascular events was determined in
the highest (vs. lowest) ALA category (intake and bio-
marker) (RR = 0.86; 95% CI 0.77-0.97). There was a sig-
nificant inverse association between intake of ALA and
cardiovascular risk (13 studies) (RR =0.90;95% CI 0.81-
0.99). A comparable but statistically insignificant effect
estimate was determined for the association between
biomarkers of ALA intake (17 studies) and cardiovascu-
lar risk (RR = 0.80; 95% CI 0.63-1.03). There was con-
siderable heterogeneity between the studies. Subanalyses
for total CHD or subdivided into fatal and non-fatal
CHD showed no significant results for ALA intake or for
ALA biomarkers; the only exception was the significant
inverse association between ALA intake and CHD mor-
tality.

In the meta-analysis of 5 prospective studies with cho-
lesterol ester fatty acids in plasma as biomarkers, no as-
sociation was found between CHD risk and ALA intake
[192] (LOE IIa).
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There is possible evidence that an increased intake of
ALA reduces CHD mortality.

Long-Chain n-3 Fatty Acids

There are a number of intervention studies with fish,
fish oil or supplements of long-chain n-3 fatty acids in
patient groups (secondary prevention) whose effects on
CHD risk have been quantified in many meta-analyses.
With the exception of Chowdhury et al. [187] (LOE Ia),
only meta-analyses are listed here which include at least
one primary prevention study in the evaluation. To pay
close attention to the aspect of primary prevention, each
of these primary prevention studies is described again
separately from the overall result of the meta-analysis.

In addition to this, there are several meta-analyses of
cohortstudies on the primary prevention of CHD through
long-chain n-3 fatty acids.

In a meta-analysis by Studer et al. [202] (LOE Ia), 14
randomised, controlled intervention studies (13 on sec-
ondary prevention, 1 on primary prevention) on the in-
fluence of n-3 fatty acids on cardiovascular mortality
were examined. The result showed a significant reduction
in cardiovascular mortality through n-3 fatty acids (RR =
0.68; 95% CI 0.52-0.90). The included study on primary
prevention did not deliver any significant result, as it was
very small (n = 156) and only one event occurred (1 death
in the intervention group, none in the control group) dur-
ing the study period; a reference for this study is not con-
tained in the publication.

A meta-analysis of 18 intervention studies showed no
significant reduction in the frequency of occurrence of
cardiovascular endpoints through the administration of
long-chain n-3 fatty acids [203] (LOE Ia). The results of
the 2 studies on primary prevention by Brox et al. [204]
and Malaguarnera et al. [205] quoted therein are not con-
tained in their publications [204, 205] (LOE Ib); a presen-
tation in the work of Hooper et al. [25] shows that both
studies have an extremely small size and number of cases
(1 cardiovascular event in each study).

In the meta-analysis by Mente et al. [181] (LOE Ia; 10
intervention studies including 1 on primary prevention),
risk of CHD events was significantly reduced with in-
creased intake of long-chain n-3 fatty acids (RR = 0.77;
95% CI 0.62-0.91). The study concerning primary pre-
vention [206] (LOE Ib) showed no statistically significant
effects of n-3 fatty acids on cardiovascular endpoints or
total mortality.

In the evaluation of the results of intervention studies
by Skeaff and Miller [182] (LOE Ia), the influence of fish
or long-chain n-3 fatty acids on the risk of CHD events
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was significantly inverse (RR = 0.89; 95% CI 0.82-0.98; 6
studies on secondary prevention, 1 study on primary pre-
vention), whereas the association with CHD mortality
was marginally not significant (RR = 0.88; 95% CI 0.76-
1.01; 12 studies, of which 2 were on primary prevention).
There was no significant association with the risk of
sudden cardiac death, fatal or non-fatal myocardial in-
farction. When the results of the DART II Study were ex-
cluded, the effect estimates for CHD mortality or fatal
myocardial infarction were statistically significant. The 2
individual studies on primary prevention were the one
already quoted above by Yokoyama et al. [206] (LOE Ib)
and the unpublished results of the study by Brox et al.
[204] (LOE Ib), neither of which showed any significant
results.

In a meta-analysis from 2012 with consideration of a
maximum of 21 intervention studies (maximum of 2
studies on primary prevention), after intervention with
fish and/or n-3 fatty acids, risk of cardiovascular events
was reduced by 10% (RR = 0.90; 95% CI 0.85-0.96; 14
studies), of CHD events (fatal and non-fatal) by 18%
(RR = 0.82; 95% CI 0.75-0.90; 12 studies) and of CHD
mortality by 9% (RR =0.91;95% CI 0.83-0.99; 13 studies)
[207] (LOE Ia). The results of the 2 primary prevention
studies showed no statistically significant effect of the in-
tervention [206, 208] (LOE Ib).

The meta-analysis by Kotwal et al. [209] (LOE Ia) cov-
ering 20 intervention studies examined the influence of
n-3 fatty acids on combined cardiovascular events and
showed a significant risk reduction for vascular deaths
(RR=0.86;95% CI0.75-0.99; p = 0.03). In addition to the
intervention studies with supplementation of long-chain
n-3 fatty acids, 3 studies with dietary intervention were
also taken into account. Three studies followed a primary
prevention, but without significant success [206, 208,
210] (LOE Ib).

In the evaluation of 17 randomised, controlled inter-
vention studies (13 on secondary prevention, 4 with per-
sons with an increased CHD risk), no significant influ-
ence on CHD risk through supplementation with long-
chain n-3 fatty acids could be established [187] (LOE Ia).

A pooled analysis of the results of 15 prospective co-
hort studies (primary prevention) and 4 intervention
studies (1 primary prevention) showed that an intake of
250 mg EPA and DHA per day in primary prevention sig-
nificantly reduced risk of a fatal CHD by 36% (95% CI
20-50%). Higher intake levels were not associated with
any additional risk reduction [197] (LOE Ia/Ila).

More recent meta-analyses of cohort studies revealed
similar results. Mente et al. [181] (LOE Ila) showed a sig-
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nificant inverse association between intake of long-chain
n-3 fatty acids and risk of CHD (RR = 0.88; 95% CI 0.77-
0.99) as the result of the analysis of 12 cohort studies on
primary prevention.

In the meta-analysis of cohort studies conducted by
Skeaff and Miller [182] (LOE IIa) on the other hand, the
inverse association between the intake of fish/fish oil or
long-chain n-3 fatty acids and all CHD events, as well as
non-fatal CHD and sudden cardiac death was not statis-
tically significant, but there was a significant inverse as-
sociation for total fatal CHD (RR = 0.82; 95% CI 0.71-
0.94).

The effects of long-chain n-3 fatty acids were exam-
ined in a meta-analysis of prospective observational stud-
ies. On the basis of the 3 available studies on sudden car-
diac death, it was shown that an intake of >250 mg per day
as opposed to an intake of <250 mgled to a significant risk
reduction of 35% (RR = 0.65; 95% CI 0.54-0.79). The re-
ductions of the risks of fatal and non-fatal coronary events
were not significant in the 5 studies available on this sub-
ject [211] (LOE ITa).

In a meta-analysis of 8 prospective observational stud-
ies, there proved to be a significant relation between an
increasing intake of EPA and DHA up to 200 mg per day
and a declining risk of cardiac, cardiovascular and sudden
deaths (RR = 0.64; 95% CI 0.46-0.89) [212] (LOE Ila).

A meta-analysis of observational studies found a sig-
nificantly lowered CHD risk with an increased intake of
long-chain n-3 fatty acids (RR = 0.87; 95% CI 0.78-0.97)
[187] (LOE Ia).

Other prospective studies used plasma fatty acids as
reliable biomarkers for fatty acid intake, thus establishing
relations to cardiovascular events. In a prospective cohort
study in Finland, for example, the significantly lowest risk
of an acute coronary event was determined in the quartile
with the highest values for DHA and DPA in serum (RR =
0.44; 95% CI 0.11-0.65) [213] (LOE IIb).

In a prospective observation of participants in the Phy-
sicians’ Health Study, the highest concentration of long-
chain n-3 fatty acids in whole blood was associated with
the significantly lowest risk of sudden cardiac death (RR =
0.10; 95% CI 0.02-0.48) [214] (LOE IIb).

Similarly, in the case-control study embedded in the
Cardiovascular Health Study it was found that persons
with higher EPA and DHA values in the plasma phospho-
lipids had a significantly lower risk of fatal CHD (RR =
0.32;95% CI 0.13-0.78) [215] (LOE IIb).

A study with analysis of fatty acids in fat tissue samples
also showed a significantly lower risk of cardiovascular
diseases (RR = 0.77; 95% CI 0.63-0.94) with increasing
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concentrations of DPA and DHA (primary prevention)
[216] (LOE IIb).

A cohort study involving senior citizens of both sexes
aged 74 years on average, which used fatty acid analyses
in the plasma phospholipids as biomarker, showed sig-
nificantly lower cardiovascular mortality with increas-
ing concentrations of EPA (RR = 0.72; 95% CI 0.54-
0.96) and DHA (RR = 0.66; 95% CI 0.49-0.89). The risk
of total mortality was also significantly lower [217] (LOE
IIb).

In the meta-analysis of 5 prospective studies with cho-
lesterol ester fatty acids in plasma as biomarker, no sig-
nificant reduction of CHD risk was found in combination
with the long-chain n-3 fatty acids EPA and DHA [192]
(LOE IIa).

A meta-analysis of observational studies with fatty ac-
ids as biomarker found no significant relation of long-
chain n-3 fatty acids with the CHD risk [187] (LOE IIa).

On the basis of the results of cohort studies, the follow-
ing conclusions were drawn for the primary prevention of
CHD:

The evidence for primary prevention of CHD through
the intake of long-chain n-3 fatty acids is judged as prob-
able. This applies at least to an intake of up to 250 mg
EPA and DHA per day. This assessment applies irrespec-
tive of the current negative results of intervention studies
on the secondary prevention of CHD through the supple-
mentation of long-chain n-3 fatty acid ethyl esters [187].

8.5 Trans Fatty Acids

Trans fatty acids (TFA) in the human diet originate
from industrially produced, partially hardened vegetable
fats/oils (IP-TFA) and fat from ruminants (R-TFA). Due
to their effect on plasma lipids and plasma lipoproteins,
as described in section 5.5, the CHD risk may increase as
intake of trans fatty acids increases [115]. There are only
cohort studies on this subject, as intervention studies on
humans are out of question for ethical reasons. Possible
differences in the biological effects of trans fatty acids
from both processed plant fats and fats from ruminants
and their consequences for the risk of CHD must be clar-
ified.

In 2009, 3 meta-analyses of cohort studies on the as-
sociation between trans fatty acid intake and risk of CHD
were published.

In the meta-analysis by Mozaffarian et al. [218] (LOE
IIa), the effect estimate determined from the results of 4
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available prospective cohort studies (primary prevention)
revealed a statistically significant increase in CHD events
as the intake of trans fatty acids increased. For every 2 en%
more trans fatty acids (as a substitute for carbohydrates),
risk increased by 23% (RR = 1.23;95% CI 1.11-1.37).Ina
pooled analysis of 2 cohort studies (primary prevention),
it was calculated that a 2-en% increase in the intake of
trans fatty acids at the expense of SFA, MUFA or PUFA
led to an increase in CHD risk of 20% (RR = 1.20; 95% CI
1.07-1.34), 27% (RR = 1.27; 95% CI 1.14-1.42) and 32%
(RR =1.32;95% CI 1.17-1.49), respectively.

In the meta-analysis by Mente et al. [181] (LOE IIa), a
risk increase of 32% (RR = 1.32; 95% CI 1.16-1.48) was
calculated for CHD, when CHD events in 4 prospective
cohort studies (primary prevention) were compared in
the highest versus lowest trans fatty acid intake group.

In their meta-analysis of 5 cohort studies (primary
prevention), Skeaff and Miller [182] (LOE Ila) showed
separate estimates for all CHD events and CHD mortal-
ity. In the highest (vs. lowest) intake category for trans
fatty acids, the results showed a relative risk of RR = 1.25
(95% CI 1.07-1.46) for all CHD events and RR = 1.32
(95% CI 1.08-1.61) for fatal CHD.

A meta-analysis of observational studies found a sig-
nificantly elevated CHD risk for trans fatty acids (RR =
1.16; 95% CI 1.06-1.27) [187] (LOE Ila).

In a meta-analysis of 8 cohort studies (primary preven-
tion), significant risk increases of 22% and 24% were de-
termined in the highest (vs. lowest) intake group of trans
fatty acids for CHD (RR = 1.22; 95% CI 1.08-1.38) and
fatal CHD (RR = 1.24; 95% CI 1.07-1.43), respectively.
This evaluation also attempted to consider the effects of
R-TFA and IP-TFA separately. The intake of R-TFA did
not influence risk of CHD (RR = 0.92; 95% CI 0.76-1.11;
4 studies on total CHD, 1 study on fatal CHD). By con-
trast, the pooled relative risk for a high intake of IP-TFA
was well above 1, but did not reach statistical significance
(RR =1.21; 95% CI 0.97-1.50; 2 studies on total CHD, 1
study on fatal CHD) [219] (LOE Ila). Because of the small
number of studies, the result is uncertain; the lack of ef-
fect of R-TFA could also be due to the significantly lower
intake (compared with the level of IP-TFA intake).

Epidemiological studies in which trans fatty acids in
biomaterials (adipose tissue, plasma phospholipids, eryth-
rocytes) were measured as biomarkers of trans fatty acid
intake are highly heterogeneous and generally have a ret-
rospective case-control study design. The results are in-
consistent, showing either an increased risk for cardio-
vascular diseases as the concentrations of trans fatty acids
increase, or no association at all [218].
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With regard to primary prevention the evidence for an
increase in CHD risk caused by total trans fatty acids is
judged as probable.

The evidence that trans fatty acids from processed
plant fats and fats from ruminants have different effects
on risk of CHD is judged as insufficient.

8.6 Other

In some cohort studies, there was a significant relation
between increased cholesterol intake in the diet and an
increased risk of myocardial infarction [220-223] (LOE
IIb). This significant relation was confirmed again in a
joint follow-up evaluation of 4 studies with a duration of
between 10 and 20 years with a significantly raised CHD
risk (RR = 1.3; 95% CI 1.1-1.5) when cholesterol intake
was increased by 200 mg per 1,000 kcal [224] (LOE IIa).
In the Ireland-Boston Diet-Heart Study, people with coro-
nary deaths had a significantly higher cholesterol intake
[225] (LOE IIb).

In other cohort studies [226-232] (LOE IIb), this rela-
tion was not significant. A sufficient degree of correction
for confounding factors took place only in a small num-
ber of the older studies.

The evidence is judged as possible that there is no as-
sociation between cholesterol intake and CHD risk in
healthy people.

8.7 Need for Research - CHD

Although there is probable or possible evidence re-
garding the importance of certain fatty acids in the diet for
the development of CHD, further studies are necessary.

SFA have a negative effect on the plasma lipoprotein
profile and, in comparison to PUFA, increase the risk of
coronary events. However, the adverse effect of SFA on
the risk of coronary events is not always equally signifi-
cant in cohort and intervention studies. Studies carried
out on women are considerably underrepresented. In ad-
dition to the effect of even-numbered SFA on the risk of
CHD, the effect of odd-numbered and branched-chain
SFA as minor components is still largely unknown. The
effects of these should also be studied in the context of
various food sources in order to take matrix effects [233]
into account.

In the context of a Mediterranean diet, it is postulated
that oleic acid has a cardioprotective effect. However, ac-

Ann Nutr Metab 2015;67:141-205
DOI: 10.1159/000437243

180

cording to the results of the cohort studies, there is pos-
sible evidence for a lack of an association for a preventive
effect of MUFA when these fatty acids are considered in
isolation. Further studies are required in this regard.

Total PUFA should no longer be the subject of studies,
as grouping fatty acids in this way is too poorly character-
ised and can no longer satisfy the current knowledge re-
garding the different effects of n-3 and n-6 fatty acids.

In some cohort and intervention studies, n-6 fatty ac-
ids have demonstrated a cardioprotective effect and in
others this was not the case. In future studies, the effect of
individual fatty acids, for example, linoleic acid as an iso-
lated fatty acid, should be investigated.

There is probable evidence that the substitution of a
portion of SFA with a mixture of n-6 and n-3 fatty acids
has a cardioprotective effect. However, too little is known
about the absolute amounts that are necessary and the
ratio of these 2 types of PUFA.

With regard to primary prevention, the evidence that
ALA has a cardioprotective effect can be classified as pos-
sible only. It is therefore necessary to carry out additional
randomised and controlled intervention studies in par-
ticular, as well as a comparison of effectiveness with long-
chain n-3 fatty acids.

The conversion factor of ALA to long-chain n-3 fatty
acids (EPA and DHA) and the influencing factors that af-
fect this, for example, the ratio of LA to ALA or the simul-
taneous intake of long-chain n-3 fatty acids in the diet, are
not characterised sufficiently.

The importance of the concentration of n-6 and n-3
fatty acids in plasma or tissues as a biomarker for the
risk of CHD (e.g. Omega-3 Index; [234]) should also be
substantiated further in clinical and epidemiological
studies.

With regard to primary prevention, there is probable
evidence that long-chain n-3 fatty acids (EPA and DHA)
in fish and as a supplement lower cardiovascular and all-
cause mortality. However, it has not yet been clarified
whether there are any differences between the effective-
ness of fish and isolated long-chain n-3 fatty acids, for
instance, as ethyl esters. In the current studies with fish,
there is only insufficient information regarding the type
of fish used and the preparation of the fish and therefore
also inaccurate information regarding the effective pre-
ventive amount of long-chain n-3 fatty acids. It is unclear
whether there are differences in the preventive effect of
EPA and DHA and whether a particular ratio should be
adhered to between these fatty acids.

There is probable evidence for the atherogenic effect
of trans fatty acids as a fatty acid group. However, it must
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still be clarified whether there are differences in the bio-
logical effects of individual isomers of trans fatty acids,
such as trans fatty acids from fats of ruminants and those
from processed plant fats.

According to the latest findings, there is possible evi-
dence that increased intake of cholesterol in the diet does
not increase risk of CHD. Nevertheless, due to the indica-
tions of a possible increase in total mortality known from
the consumption of eggs, further observational studies
should be carried out regarding the effect of cholesterol
intake on the risk of CHD.

9 Quantity and Quality of Dietary Fat and Fatty Acid
Intake and Primary Prevention of Stroke

9.1 Total Fat

As part of the Women’s Health Initiative Dietary Mod-
ification Trial, a multicentre, randomised, controlled in-
tervention study on the primary prevention of stroke in
postmenopausal women (n = 48,835), a reduction in fat
intake of 37.8-28.8 en%, combined with an increased
consumption of fruit and vegetables (+1.1 portions per
day) and cereals (+0.5 portions per day) and an increase
in dietary fibre intake (+2.4 g per day) did not lead to any
differences in the incidence of stroke compared to the
control group after an average follow-up of 8.1 years. The
risk of ischaemic and haemorrhagic stroke was neither
affected [140] (LOE Ib).

The meta-analysis carried out by Hooper et al. [25]
(LOE Ia) includes 4 randomised controlled intervention
studies with 49,246 participants from the United States
and New Zealand. The studies investigated the effect of a
reduced fat intake (<30 en%) linked to a reduced intake
of SFA on the risk of stroke in primary prevention com-
pared to a regular diet. The participants were healthy or
had an elevated cardiovascular risk. Risk of stroke did not
differ between the intervention and control groups.

The association between total fat intake and risk of
stroke was also investigated in 14 cohort studies including
832-85,764 participants. The follow-up was between 5.5
and 20 years.

Two studies observed an inverse association between
fat intake and risk of stroke. The age-adjusted stroke mor-
tality in men of Japanese origin living in Hawaii decreased
as the proportion of fat increased (25-45 en%) [235] (LOE
IIb). In the Framingham Heart Study, the age-adjusted cu-
mulative incidence rate for stroke decreased as the pro-
portion of fat increased (26-51 en%) [236] (LOE IIb).
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In further cohort studies that investigated men of
Japanese origin in Hawaii [237, 238] (LOE IIb) as well as
cohorts in Japan [239, 240] (LOE IIb), the United States
[241-243], (LOE IIb), Sweden [244-246] (LOE IIb) and
the United Kingdom [247] (LOE IIb), no associations
were identified between total fat intake and total risk of
stroke [237, 241, 244, 246, 247] (LOE 1Ib) as well as risk
of ischaemic [237-243, 245, 246] (LOE IIb) and haemor-
rhagic [236-238, 241, 242, 246, 248] (LOE IIb) stroke.

There is probable evidence that total fat intake does
not influence the risk of ischaemic and haemorrhagic
stroke.

9.2 SFA

In a meta-analysis of 4 intervention studies with a total
of 10,315 participants, Hooper et al. [25] (LOE Ia) exam-
ined the effect of a fat-modified diet, in which SFA (ani-
mal fats) were substituted with MUFA and PUFA (vege-
table fats) and carbohydrate-containing foods, compared
to a diet with a higher proportion of SFA and a lower
proportion of MUFA and PUFA. The intervention had
no effect on the risk of stroke.

A meta-analysis of cohort studies published in 2010
[184] (LOE IIa) included the results of 8 cohort studies
from various regions (the United States, Japan, Israel,
Sweden). Due to the heterogeneity between the individu-
al studies, the meta-analysis was based on the random ef-
fect model, which assumes that differences between the
studies are random. Intake of SFA was not associated with
risk of stroke. Even after exclusion of 2 studies from Japan
with an extremely low intake of SFA compared to other
studies and after exclusion of 2 studies with haemorrhagic
stroke, no association could be determined.

Most cohort studies that were not considered in the
meta-analysis mentioned before showed no association
between intake of SFA and total risk of stroke [246, 247]
(LOEIIb) as well as ischaemic [239, 243, 246] (LOE IIb) and
haemorrhagic stroke [246, 249] (LOE IIb). Only 2 studies
showed an inverse relation between intake of SFA and risk
of stroke: the study by Takeya et al. [249] (LOE IIb) with
regard to ischaemic stroke for the cohorts living in Japan
and the study by Yamagishi et al. [250] (LOE IIb) for total
stroke as well as for ischaemic and haemorrhagic stroke.

The underlying studies provide probable evidence that
the intake of SFA does not influence the risk of stroke.
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9.3 MUFA

There is a single meta-analysis [190] (LOE IIa) on the
relation between the intake of MUFA and the risk of
stroke, comprising 9 cohort studies [240-242, 245, 246,
248, 251, 252] (LOE IIb) with 312,228 participants. The
meta-analysis showed no association between the intake
of MUFA and the risk of stroke.

Two further cohort studies by Seino et al. [239] (LOE
IIb) and Boden-Albala et al. [243] (LOE IIb) did not show
an association between intake of MUFA and risk of isch-
aemic stroke either.

Atkinson et al. [247] (LOE IIb) investigated the rela-
tion between the intake of MUFA and PUFA and risk of
stroke in men (n = 2,170) by using a semi-quantitative
food frequency questionnaire. The authors did not find
an association between the intake of unsaturated fatty ac-
ids and risk of stroke.

Studies identified to date provide probable evidence
that intake of MUFA does not influence the risk of various
types of stroke.

9.4 PUFA

9.4.1 Total PUFA

Nine cohort studies investigated whether intake of
PUFA is associated with the risk of stroke [236, 239-243,
245, 246, 248] (LOE IIb). Most were carried out in the
United States (n = 4) and Japan (n = 3), with 2 studies car-
ried out in Sweden.

Intake of PUFA [236, 241, 246] (LOE IIb) was not as-
sociated with risk of stroke. Even with differentiation be-
tween types of stroke, no relation could be shown be-
tween the intake of PUFA and the risk of ischaemic [236,
239-243,245,246] (LOEIIb) or haemorrhagic [236, 241,
242, 246, 248] (LOE IIb) stroke.

A further cohort study that investigated the eftect of
unsaturated fatty acid intake on the risk of stroke did not
find an association [247] (LOE IIb).

The data available to date indicate with probable evi-
dence that intake of PUFA as a whole does not influence
risk of stroke.

9.4.2 n-6 Fatty Acids

Intake of n-6 fatty acids was not associated with risk of
stroke [246] (LOE IIb). If different subtypes of stroke
were considered, associations between the intake of n-6
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fatty acids and risk of ischaemic [239, 246] (LOE IIb) and
haemorrhagic stroke [246, 248] (LOE IIb) were not ob-
served either.

The available data indicate with possible evidence
that the intake of n-6 fatty acids does not influence risk of
stroke.

9.4.3 n-3 Fatty Acids

ALA

A meta-analysis of randomised controlled intervention
studies including results of 3 trials with a total of 13,872
participants (healthy subjects, but also people with an el-
evated cardiovascular risk or CHD) could not demon-
strate any effect of ALA on risk of stroke [203] (LOE Ia).

A meta-analysis of cohort studies published in 2012
showed neither an association between the intake of ALA
and risk of stroke (3 studies) nor a relation between bio-
markers of ALA intake and risk of stroke (2 studies). Due
to the low number of studies considered, the reasons for
the heterogeneity between studies could not be explained
[201] (LOE IIa).

There is probable evidence for a lack of association
between the intake of ALA and the risk of stroke.

Long-Chain n-3 Fatty Acids

In a meta-analysis of 6 randomised controlled interven-
tion studies, which investigated the effectiveness of supple-
menting long-chain n-3 fatty acids (=6 months) on the risk
of stroke in people without preexisting cardiovascular dis-
eases (n = 17,383), risk of stroke did not vary between the
verum and control group [203] (LOE Ia). Another meta-
analysis [253] (LOE Ia) considered 2 randomised con-
trolled intervention studies with a total of 31,181 partici-
pants. The supplementation (1.0 and 1.8 g/day) of long-
chain n-3 fatty acids - in 1 study in combination with stat-
ins which were also administered to the control group -
also showed no effects in follow-ups of 4.6 and 6.2 years.
The meta-analysis carried out by Kotwal et al. [209] (LOE
Ia; 46,750 participants; supplementation of 0.8-2 g long-
chain n-3 fatty acids/day over 1.5-6.2 years) was based on
data from 7 randomised controlled intervention studies, 5
of which investigated secondary prevention and 2 of which
investigated both primary and secondary prevention. The
risk of cerebrovascular events did not vary between the ver-
um and the control group, even when ischaemic and haem-
orrhagic stroke were considered separately.

The association between intake of long-chain n-3 fatty
acids and risk of stroke was investigated in 3 meta-analy-
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ses [203,253,254] (LOE ITa). Hooper et al. [203] (LOE IIa)
considered data from 4 cohort studies conducted in the
United States and China. A high intake of long-chain n-3
fatty acids was not associated with a decrease in the risk of
stroke. The meta-analysis carried out by Larsson et al.
[254] (LOE Ila) was based on the results of 8 prospective
cohort studies with a total of 242,076 participants (aged
20-84). In the category with the highest intake of long-
chain n-3 fatty acids, total risk of stroke and risk of isch-
aemic and haemorrhagic stroke did not differ from the
category with the lowest intake. Only a differentiated con-
sideration with regard to sex found a significantly lower
risk of total stroke and its subtypes for women in the high-
est category of long-chain n-3 fatty acid intake compared
to women in the lowest category. The meta-analysis car-
ried out by Chowdhury et al. [253] (LOE IIa) included 14
prospective studies (11 cohort studies, 3 embedded case-
control studies), which investigated the relation between
the intake of long-chain n-3 fatty acids and risk of stroke,
either directly through consumption surveys (n = 10) or
indirectly (n = 4) through the serum concentration. An
association between the intake of long-chain n-3 fatty ac-
ids in the diet or the serum concentration of these fatty
acids and risk of stroke was not shown, even with differ-
entiation between ischaemic and haemorrhagic stroke. A
subgroup analysis demonstrated a significantly lower risk
of stroke in studies which only investigated women (n =
5), but not in studies which only included men (n = 8).
Differences based on study design (prospective cohort
studies vs. embedded case-control studies), study location
(Europe vs. North America vs. Asia-Pacific) and follow-
up (210 vs. <10 years) could not be determined.

The Swedish Mammography Cohort Study (34,670
participants, average follow-up of 10.4 years), which was
not considered in the meta-analysis by Chowdhury et al.
[253], demonstrated a significant reduction in the risk of
stroke with increasing intake of long-chain n-3 fatty ac-
ids. Differentiating between the subtypes of stroke, a risk
decrease was also observed for cerebral infarction, but not
for haemorrhagic stroke [246] (LOE IIb).

The available data show that, with probable evidence,
no association exists between the intake of long-chain n-3
fatty acids and risk of stroke.

9.5 Trans Fatty Acids

The association between the intake of trans fatty acids
and risk of stroke was investigated in 2 cohort studies, the
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Nurses’ Health Study [241] (LOE IIb) and the Health Pro-
fessionals Follow-Up Study [242] (LOE IIb). Both were
carried out in the United States in the 1980s and 1990s and
were characterised by relatively large cohorts with 85,764
and 43,732 participants, respectively. There was a 14-year
follow-up in both cases. The median intake of trans fatty
acids was 2 g/day in the lowest quintile and 4 and 6 g/day
in the highest quintile, respectively. No associations were
observed between the intake of trans fatty acids and total
risk of stroke and risk of any stroke subtypes.

There is insufficient evidence for an association be-
tween the intake of trans fatty acids and risk of stroke.

9.6 Other

Associations between cholesterol intake and risk of
stroke were investigated in 8 cohort studies carried out in
the United States (n = 4), Japan (n = 3) and Sweden (n =
1). The number of participants was between 2,283 and
85,764 with a follow-up of 5.5-17 years. Food intake was
recorded using various methods (5x food frequency
questionnaires, 2x 24-hour-recall, 1x dietary record).

In the cohort study by Larsson et al. [246] (LOE IIb)
(Sweden), the incidence of stroke increased with choles-
terol intake, while the other cohort studies observed no
association between cholesterol intake and total risk of
stroke [235, 241] (LOE IIb). The risk of ischaemic stroke
only increased with cholesterol intake in the study by
Larsson et al. [246] (LOE IIb), but not in the studies of
Seino et al. [239] (Japan), Iso et al. [241] (USA), He et al.
[242] (USA) and Boden-Albala et al. [243] (UK) (all LOE
IIb), while Sauvaget et al. [240] (LOE IIb) (Japan) ob-
served a lower risk with increasing cholesterol intake. For
haemorrhagic [241, 242, 246, 248] (LOE IIb) and sub-
arachnoid [241] (LOE IIb) stroke, dose-response rela-
tionships could not be observed.

Sauvaget et al. [240] (LOE IIb) recorded food intake
using a 1-day dietary record, while the other studies pre-
dominantly used food frequency questionnaires. It is
therefore uncertain whether the data on cholesterol intake
from Sauvaget et al. [240] (LOE IIb) are representative of
regular cholesterol intake. In a pathophysiological regard,
no effects or possibly unfavourable effects can be expected
with high cholesterol intake, as shown in the study by
Larsson et al. [246] (LOE IIb). As most cohort studies did
not identify any associations between cholesterol intake
and the risk of stroke, it can be concluded that the intake
of cholesterol is not relevant for the risk of stroke.
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There is probable evidence that cholesterol intake does
not influence the risk of stroke.

9.7 Need for Research — Stroke

The meta-analysis carried out by Larsson et al. [254]
showed alower risk of stroke only with an intake of 200-
400 mg of long-chain n-3 fatty acids per day, but not
with an intake of higher doses supplemented in ran-
domised controlled intervention studies. This raises the
question whether beneficial effects can be achieved
through supplementation of medium doses of long-
chain n-3 fatty acids. Research is therefore required re-
garding the dose-response relationship, which should be
investigated with newer methods (e.g. regression using
Bayes methods instead of arbitrarily chosen cut-offs in
meta-analyses).

Interestingly, in 2 subanalyses within meta-analyses of
cohort studies, a lower risk of stroke was observed in
women [253, 254]. This could indicate thatlong-chain n-3
fatty acids may at least have a preventive effect in women.
These indications should be investigated in future studies.

As the consumption of fish, particularly oily fish, re-
duced the risk of stroke [253] unlike the intake of long-
chain n-3 fatty acids as a supplement, the effect appears
to be based on the complex nutritional composition of
fish with, for example, vitamin Bg, vitamin By,, vitamin
D, taurine and selenium, their vasoprotective effects and/
or their possible interaction with long-chain n-3 fatty ac-
ids [253]. This assumption was already postulated by He
[255]. The protective effect could also be explained by a
reduced intake of foods that increase cardiovascular risk
(e.g. red meat) or the healthier lifestyle or higher socio-
economic status of fish consumers. These confounders
were not sufficiently considered in all investigations into
the effect of long-chain n-3 fatty acids to date [253] and
should be the subject of further research.

An additional problem involves the data set of nutrient
databases. The database of the US Department of Agricul-
ture (USDA) only provides information on the long-
chain n-3 fatty acid content of two-thirds of all foods
[256], meaning that the actual intake of these fatty acids
is probably underestimated [253]. It is therefore desirable
to complete the database so that the effectiveness of the
nutritional intake of long-chain n-3 fatty acids can be cor-
rectly evaluated. Fish farming poses a particular problem
here, as it has not been possible to obtain information re-
garding the possibly different composition of farmed
products compared to those caught in the wild.
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All of the randomised controlled intervention studies
that investigated the effect of long-chain n-3 fatty acids
on the risk of stroke did not consider stroke as the pri-
mary endpoint. This means that the validity of these stud-
ies with regard to the risk of stroke may not be sufficient
[253]. The sample size calculation in future studies should
therefore consider stroke as the primary target value.

As fish is practically the only source for long-chain n-3
fatty acids, their intake with infrequent (not daily) con-
sumption of fish is not recorded correctly when 24-hour
recalls and 1-day dietary records are used. In future stud-
ies, therefore, food intake should be assessed with meth-
ods that take into account consumption over a longer
period of time (e.g. food frequency questionnaires).

Furthermore, it would be desirable to record the risk
of stroke based on incidence and not on mortality, as the
higher number of events allows a more precise estimation
of the relative risk.

In future meta-analyses, a differentiation between pri-
mary and secondary prevention would be desirable.

10 Quantity and Quality of Dietary Fat and Fatty
Acid Intake and Primary Prevention of Cancer

The systematic literature reviews (SLR) of the World
Cancer Research Fund (WCRF), which were published to-
gether with the 2007 report Food, Nutrition, Physical Ac-
tivity and the Prevention of Cancer, representanimportant
milestone for evaluating the current data in the field of
nutrition and cancer [257]. These reviews of the various
cancer sitesare very comprehensive and systematically de-
scribe each finding in the literature. They also contain
many meta-analyses and dose-response analyses. Regard-
ing the individual cancer sites, there have been updates
based on newly published literature [258-261]. In each
SLR, there is a section on fat and individual fatty acids and
fatty acid fractions. Mechanisms of action are also pre-
sented.

Not all cancer sites are considered in this guideline.
The cancer sites that are chosen are those with a high in-
cident rate and/or those that are discussed in conjunction
with energy balance (overweight) or dependence on hor-
mones. In the following section, 8 sites (cancer in the co-
lorectum, lung, bladder, pancreas, breast, endometrium,
ovary and prostate) are therefore systematically investi-
gated for associations with fat intake.

The evaluation of evidence on the preventive effect of
fat intake for cancer is given only generally in the guide-
line and is not specified for each individual cancer. As
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cancers vary greatly and the individual cancers may differ
from the overall assessment, it is recommended to refer
to the description of the available evidence for the indi-
vidual cancers.

10.1 Total Fat

In the Women’s Health Initiative Dietary Modification
Trail (WHI), a large-scale intervention study with mul-
tiple targeted nutritional changes over a period of 8 years
and also including a reduction in fat intake, a 5% - but
not significant - reduction in the incidence of cancer was
observed in conjunction with the lowered fat intake [262]
(LOE Ib).

Colorectal Cancer

In the recent report of the WCRF using publications
up to 2004, the meta-analysis of the cohort studies re-
vealed no change in risk associated with a change in fat
intake [257] (LOE IIa). For rectal carcinoma alone, there
was also no risk relation observed in cohort studies. A
further analysis of the relation between fat intake and risk
of colorectal carcinoma was not carried out in the updat-
ed version of the SLR [259]. However, there is a meta-
analysis carried out by Liu et al. [263] (LOE IIa) with 13
cohort studies in which no risk relation was observed.
The evaluation of the cohort studies carried out with food
diaries in Great Britain also found no risk relation [264]
(LOE IIb). Food diaries are a nutritional survey method,
which has fewer measurement errors than the frequency
questionnaire. This study is therefore better equipped to
prove existing risk relations.

Lung Cancer

In the first WCREF report from 1997, a positive relation
between total fat intake and risk of lung cancer was still
viewed as possible [265]. However, in the later evaluation
by the WCRF, an association could no longer be observed
on the basis of the 6 cohort studies that were considered
[257] (LOE IIa). This conforms to the meta-analytical
evaluation of 8 cohort studies, which showed no associa-
tion between fat intake and risk of lung cancer [266] (LOE
IIa).

Bladder Cancer

For the WCREF report from 2007, 3 cohort studies were
identified, 2 of which were quantitatively analysed in a
meta-analysis. The meta-analysis gave no indication of a
risk relation. This was also reported in the third study
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[257] (LOE Ila). A more recent analysis of the EPIC Study
also found no indication of an association between fat in-
take and risk of bladder cancer [267] (LOE IIb).

Pancreatic Cancer

In the WCRF’s second report [257] (LOE Ila), there
were only a few findings regarding the relationship be-
tween fat intake and risk of pancreatic carcinoma. For the
updated version published in 2011, 6 studies were con-
sulted. The meta-analysis of these studies showed a rela-
tive risk 0f 1.05 (95% CI1.00-1.12) [260] (LOE IIa). There
was a large degree of heterogeneity and only one indi-
vidual study was observed in the analysis with a signifi-
cantly increased relative risk. A more recent cohort study
gave a risk estimate of below 1, meaning that the meta-
analysis mentioned before would result in a non-signifi-
cant overall estimate if this more recent cohort study were
included [268] (LOE IIb).

Breast Cancer

In2007, there were only inconsistent indications thatan
increased fat intake is accompanied by an increased risk of
breast cancer [257] (LOE IIa). The follow-up research was
inconsistent too, although the estimate of the meta-analy-
sis in postmenopausal women was almost significant [258]
(LOEIIa). It was noteworthy in the Women’s Health Initia-
tive Dietary Modification Trial evaluation that, in women
with a fat intake of over 36.8 en%, the intervention (low-fat,
high in fibre and vegetables) led to a risk reduction. For the
fat intervention in general, no risk reduction was observed
[258] (LOE IIa). A recently carried out meta-analysis of
cohort studies [269] (LOE IIa) observed a risk increase
with increasing fat intake in postmenopausal women. In
the multi-ethnic cohort from Hawaii, no risk relation was
observed with increasing fat intake [270] (LOE IIb). Nor
was an association observed between fat intake and risk of
breast cancer in postmenopausal women in the Vital Co-
hort [271] (LOE IIb). In the British cohorts with food dia-
ries as a survey tool, there was also no relation between fat
intake and risk of breast cancer [272] (LOE IIa).

Endometrial Cancer

In the second WCREF report, 2 cohort studies were
identified on this topic, meaning the data pool was still
limited [257]. Fat intake was evaluated once more in the
updated version of the WCRF with regard to endome-
trial cancer, this time on the basis of 3 cohort studies. The
quantitative meta-analysis showed a relative risk of 1.00
(95% CI0.96-1.04) per 10 g/day increase in fat intake and
therefore no risk relation [261] (LOE IIa) was observed.
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Ovarian Cancer

For the second WCREF report, the results of 2 cohort
studies were available in which no risk association was
present [257] (LOE IIa). A systematic review of 2 cohort
studies by Crane et al. [273] (LOE IIa) described a risk
increase in one study [274] and no association in the oth-
er [275]. The evaluation carried out by Blank et al. [274]
(LOE IIb) found an increased relative risk of 1.28 (95%
CI 1.01-1.63) in a comparison of the fifth and the first
quintiles of consumption. In the Women’s Health Initia-
tive Dietary Modification Trial, a lowered relative risk of
ovarian cancer was observed in the intervention arm
with fat reduction in the final years of observation [262]
(LOE Ib).

Prostate Cancer

The meta-analysis from the second WCRF report
found no association between the level of fat intake and
risk of prostate cancer [257] (LOE Ila). The EPIC Study
also reports no risk association between fat intake and
risk of prostate carcinoma [276] (LOE IIb). The accom-
panying meta-analysis of the 7 studies available at the
time also showed no risk relation [276] (LOE IIa). Fur-
thermore, both the NIH-AARP Study [277] (LOE IIb) and
the Melbourne Collaborative Cohort Study [278] (LOE
IIb) reported no change in risk associated with a modified
fat intake.

According to the available data, there are only a few
indications that fat intake controlled for body weight
and/or energy is a significant factor for the incidence of
cancer. Indications of a comparably small effect are pres-
ent for postmenopausal breast cancer, ovarian cancer
and pancreatic cancer. For these cancer sites, there are
meta-analyses that demonstrate an increased risk with
increasing fat intake. However, the results of the meta-
analyses are currently called into question in some cases
by new results from individual studies.

There is therefore probable evidence that no associa-
tion exists between the level of total fat intake and risk of
individual cancers.

10.2 SFA

The problem with investigating individual fatty acid
fractions is that the effect of a particular level of consump-
tion is not independent of the total fat intake. Ideally,
studies regarding individual fatty acid fractions should
therefore adjust for total fat intake. With such risk mod-
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els, it is investigated whether the individual components
have specific effects beyond the effect of total fat intake.
However, in risk models that do not control for total fat
intake, it is investigated whether the individual compo-
nents per se exhibit risk relations with the investigated
cancer endpoints.

In the following chapters, the individual study results
on fat fractions are presented, regardless of whether or
not they were adjusted for total fat intake. The results in
the following chapters should therefore not necessarily be
interpreted as a specific effect of a particular individual
fatty acid fraction independent of total fat intake.

Colorectal Cancer

The WCREF concluded as early as 1997 that SFA/ani-
mal fat may influence the risk of colorectal cancer [265].
However, a description of the studies on SFA did not take
place until the second WCREF report [257] (LOE Ila). Ac-
cording to the report, none of the 8 studies found a risk
association. In a meta-analysis of 12 cohort studies, no
association was observed between SFA intake and risk of
colorectal cancer [263] (LOE IIa). SFA were also studied
in the 7 cohorts from Great Britain in which food diaries
were used as the survey method. This analysis also showed
no association between SFA intake and risk of colorectal
cancer [264] (LOE IIb).

Lung Cancer

The second WCREF report analysed 5 cohort studies,
none of which indicated an increased relative risk [257]
(LOEIIa). Additional studies on this matter were not found.

Bladder Cancer

In the second WCREF report, 1 cohort study into SFA
intake was evaluated, finding that no association exists
[257] (LOEIIb). A recent study with the EPIC Study pop-
ulation also showed no association between SFA intake
and the occurrence of bladder cancer [267] (LOE IIb).

Pancreatic Cancer

The WCREF report in 2011 was able to refer to 6 co-
hort studies on the association with SFA/animal fat, 5
of which were evaluated in a meta-analysis [260] (LOE
IIa). The total estimate of the RR was 1.11 (95% CI 1.01-
1.21). However, only 1 study showed an increased risk.
The studies had a high degree of heterogeneity. A more
recent study showed no risk relation between SFA in-
take and risk of pancreatic cancer after potential mea-
surement errors were taken into account [268] (LOE
IIb).
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Breast Cancer

A risk increase caused by the increased intake of SFA/
animal fat was already classed as possible by the WCREF in
1997 [265]. This assessment was differentiated further in
the latest assessment made by the WCRF working group
on breast cancer. For breast cancer as a whole, no risk in-
crease was observed. However, the overall estimate from
4 cohort studies on postmenopausal breast cancer showed
an RR of 1.12 (95% CI 1.01-1.24) for every 10 g/day in-
crease in SFA intake. A meta-analysis of 6 cohort studies
on postmenopausal breast cancer with a comparison of
high and low SFA intake, on the other hand, showed no
association between SFA intake and risk of breast cancer
[257] (LOE IIa). The meta-analysis carried out by Turner
[269] (LOE IIa) showed no indication of a risk relation
between SFA intake and risk of breast cancer in the analy-
sis of 27 cohort studies. In the evaluation of the Vital Co-
hort with over 30,000 women and postmenopausal breast
cancer as endpoint, there was also no risk association with
increasing SFA intake [271] (LOE IIb).

Endometrial Cancer

In the 2007 WCREF report, only 1 cohort study was cit-
ed [279] (LOE Ila) which examined the association be-
tween SFA intake and endometrial cancer. However, no
risk association was found [257] (LOE IIa). In the WCRF’s
updated version from 2012, SFA were not covered. There-
fore, the cohort study named in the updated version [280]
was examined for statements regarding SFA. In the study
by Cui et al. [280] (LOE IIb) with data from the Nurses’
Health Study, no association was observed between SFA
intake and risk of endometrial cancer.

Ovarian Cancer

The new WCRE report [257] (LOE IIa) cited 2 cohort
studies that showed no association between SFA intake
and risk of ovarian cancer. The NIH-AARP Study also
demonstrated no risk relation [274] (LOE IIb).

Prostate Cancer

After energy adjustment, the 4 cohort studies consid-
ered in the WCREF report showed no risk relation between
SFA intake and risk of prostate cancer [257] (LOE IIa). The
studies published thereafter provided varying results. A
study published shortly after the publication of the WCRF
report showed no risk relation between SFA intake and risk
of prostate cancer [276] (LOE IIb). The accompanying me-
ta-analysis of the 7 studies available at that time also dem-
onstrated no risk relation [276] (LOE IIa). Basset et al.
[278] (LOE IIb) reported no association between SFA in-
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take and risk of prostate cancer in the Melbourne Collab-
orative Cohort Study. In the NIH-AARP Study, the evalua-
tion on this subject also found no association when all
prostate carcinomas were investigated [277] (LOE IIb). In
this study, however, a positive association with the level of
SFA intake was found both for advanced stage carcinomas
and fatal carcinomas [277] (LOE IIb).

Several studies on prostate carcinoma were carried out
in which the risk association with fatty acid concentration
in plasma and serum was investigated. In the EPIC Study,
results regarding many individual fatty acids with varying
risk associations were first presented, which were difficult
to understand [281] (LOE IIb). In a subsequent analysis of
patterns in the fatty acids (treelet analysis), the picture be-
came clearer and showed that the fatty acid pattern con-
taining many SFA was not associated with the risk of pros-
tate carcinoma [282] (LOE IIb). In the Multiethnic Study
from Hawaii, SFA concentration in the blood was not as-
sociated with the risk of prostate carcinoma [283] (LOE
IIb). In the Melbourne Collaborative Cohort Study, how-
ever, SFA concentration in the blood was positively asso-
ciated with the risk of prostate carcinoma [278] (LOE IIb).

There is probable evidence of no association between
the level of SFA intake and the risk of individual cancers.

10.3 MUFA

Colorectal Cancer

The SLR of the 2007 WCRF report showed no risk re-
lation between MUFA intake and the risk of colorectal
cancer. In the evaluation of 5 risk estimates from 4 cohort
studies, a meta-analytical estimator of 0.95 (95% CI 0.73—
1.24) was calculated for every 25 g of modified MUFA
intake implying that no association was found [257] (LOE
ITa). A subsequent meta-analysis of 11 cohort studies
showed no association between MUFA intake and risk of
colorectal cancer [263] (LOE Ila).

Lung Cancer

The SLR for the 2007 WCREF report identified 4 cohort
studies on this topic. A formal meta-analysis was not car-
ried out due to the varying information from the publica-
tions. Most of the studies found no risk relation; however,
2 studies reported increased relative risks in subgroups
[257] (LOE IIa). The report does not mention the evalu-
ation of 8 cohort studies by Smith-Warner et al. [266]
(LOE IIa), which showed no association between MUFA
intake and risk of lung cancer.
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Bladder Cancer

In the SLR for the 2007 WCREF report, 1 cohort study
on MUFA intake was identified and showed no risk rela-
tion [257] (LOE IIb). A more recent study with data from
the EPIC Study also showed no association between intake
of MUFA and risk of bladder cancer [267] (LOE IIb).

Pancreatic Cancer

The most recent handling of the topic at the WCRF
took place in the new edition of the SLR in 2011. Four
studies were considered, with the evaluations showing no
indications of a risk relation [260] (LOE IIa). A more re-
cent study also showed no indication of a risk association
between MUFA intake and risk of pancreatic cancer [268]
(LOE IIb).

Breast Cancer

In the WCRF meta-analysis from 2007 based on the
SLR, no risk increase was observed for breast cancer in the
4 studies included in the analysis per 10 g/day higher in-
take of MUFA (RR = 1.00; 95% CI 0.94-1.07). In the 3
studies considered in the meta-analysis with postmeno-
pausal breast cancer as the endpoint, a relative risk of 1.10
(95% CI 0.96-1.23) per 10 g/day higher intake of MUFA
was observed [257] (LOE Ila). The meta-analysis carried
out by Turner [269] (LOE Ila) including 16 studies
showed no risk relation. A recently published evaluation
of a cohort of 30,000 postmenopausal women showed an
increased risk of breast cancer with increasing MUFA in-
take [271] (LOE IIb).

Endometrial Cancer

The SLR for the WCREF report cited 1 cohort study,
which showed no risk association [279] (LOE IIa). In the
updated version of the WCRF report [261] (LOE IIa),
MUFA were not covered for this carcinoma. The study by
Cui et al. [280] (LOE IIb) with data from the Nurses’
Health Study, which has already been mentioned in a dif-
ferent context, showed no risk relation.

Ovarian Cancer

In the SLR for the WCREF report from 2007, 2 cohort
studies were cited; they showed no risk relation [257]
(LOE IIa). The investigation of the NIH-AARP Study also
showed no risk relation between MUFA intake and the
risk of ovarian cancer [274] (LOE IIb).

Prostate Cancer
In the WCREF report from 2007, 3 studies were iden-
tified; they were evaluated through meta-analysis and

188 Ann Nutr Metab 2015;67:141-205
DOI: 10.1159/000437243

showed an increased risk of prostate carcinoma with an
increased intake of MUFA [257] (LOE IIa). Results from
the EPIC Study showed no risk relation between the in-
take of MUFA and the risk of prostate cancer [276] (LOE
IIb). The accompanying meta-analysis of the 7 studies
available at the time also showed no risk relation [276]
(LOE IIa). There was no risk relation in the Melbourne
Collaborative Cohort Study, either [278] (LOE IIb). The
results of the NIH-AARP Study also showed no risk rela-
tion between MUFA intake and risk of prostate cancer
[277] (LOE IIb).

The studies which examined the concentrations of fat-
ty acids in the blood showed no risk relation for MUFA
(278, 282, 283] (LOE IIb).

There is probable evidence of no association between
the intake of MUFA and the risk of individual cancers.

10.4 PUFA

The intake data of individual PUFA such as long-
chain n-3 fatty acids are linked to the consumption of
certain foods such as fish and are examined in many
studies as marine n-3 fatty acids. Such an association
must not necessarily apply to the biomarker data in the
blood or adipose tissue, as each of these fatty acids can
also be formed endogenously by desaturases and elon-
gases from other n-3 or n-6 fatty acids. Therefore, both
for PUFA in general and for n-6 or n-3 fatty acids, atten-
tion should be paid to differences in the risk relations
regarding intake compared to the concentrations of these
fatty acids in biological material. When results vary, it
cannot be ruled out that other nutrients or ingredients
ingested through diet play a role considering the intake
data.

10.4.1 Total PUFA

Colorectal Cancer

In the SLR for the WCREF report from 2007, 5 cohort
studies that investigated PUFA were identified. None of
the studies reported significant risk relations. A formal
meta-analysis was not carried out [257] (LOE IIa). A lat-
er meta-analysis with 5 cohort studies showed no risk
relation with the PUFA intake level (RR = 1.10; 95% CI
0.91-1.34) [263] (LOE Ila).

Lung Cancer
In the SLR for the WCREF report from 2007, 4 cohort
studies were cited which had investigated PUFA. None of
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the studies showed a risk relation [257]. The meta-analy-
sis of 8 cohort studies by Smith-Warner et al. [266] (LOE
ITa), which was not included in the WCRE report, showed
no association between PUFA intake and risk of lung can-
cer. No further studies were identified regarding this is-
sue.

Bladder Cancer

In the SLR for the WCREF report, 1 cohort study on
PUFA was identified and this showed no risk relation
[257] (LOE IIa). The investigation of the EPIC Study on
this matter showed no significantly elevated relative risk
[267] (LOE IIb).

Pancreatic Cancer

The most recent handling of the topic at the WCRF
took place in the updated version of the SLR in 2011. Four
studies were consulted whose evaluations did not point to
a risk relation [260] (LOE IIa). A more recent study also
gave no indication of a risk relation between PUFA intake
and risk of pancreatic cancer [268] (LOE IIb).

Breast Cancer

In its report, the WCREF had described a possible pos-
itive association between PUFA intake and risk of breast
cancer [265]. This assessment was able to be confirmed
on the basis of a SLR in the continuation of the report.
This literature review demonstrated that the risk is in-
creased with a high ratio of PUFA to SFA [257] (LOE
ITa). The meta-analysis carried out by Turner [269]
(LOE IIa) also showed a risk increase both for breast
cancer as a whole (13 cohort studies) and postmeno-
pausal breast cancer (9 cohort studies) with increased
PUFA intake.

Endometrial Cancer

For this nutritional factor, the authors of the SLR of the
WCRE report identified 1 cohort study that demonstrat-
ed no risk association [279] (LOE IIa). In the study by Cui
et al. [280] (LOE IIb), no risk association between PUFA
intake and the risk of endometrial cancer was observed as
well.

Ovarian Cancer

The SLR for the WCREF report [257] (LOE Ila) ana-
lysed 2 cohort studies, which revealed no risk relation. The
more recent investigation of the NIH-AARP Study found
a significant positive risk relation between PUFA intake
and the risk of ovarian cancer in the age-adjusted model,
but not in the fully-adjusted model [274] (LOE IIb).

Evidence-Based Guideline of the German
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Prostate Cancer

According to the WCRF report, in the 2 cohort studies
identified on the basis of the SLR, no association was ob-
served between PUFA intake and the risk of prostate can-
cer following adjustment for other risk factors [257]
(LOE IIa). The investigation of the EPIC Study published
thereafter showed no risk relation between the intake of
PUFA and risk of prostate cancer [276] (LOE IIb). The
accompanying meta-analysis of the 7 studies available at
the time, including Crowe et al.’s own study, also showed
no risk relation [276] (LOE Ila). Basset et al. [278] (LOE
IIb) also reported no relation between the intake of PUFA
and risk of prostate cancer in the Melbourne Collabora-
tive Cohort Study. In the NIH-AARP too, the evaluation
showed no risk relation [277] (LOE IIb).

Fatty acids in plasma and serum were also investigated
with regard to the risk of prostate carcinoma. In the Mul-
tiethnic Study from Hawaii, PUFA content in the blood
was not associated with the risk of prostate carcinoma
[283] (LOE IIb). In the Melbourne Collaborative Cohort
Study, there was also no association between PUFA con-
tent in the blood and risk of prostate carcinoma [278]
(LOE IIb).

For most cancers there is, with probable evidence, no
association between PUFA intake and the risk of disease.
With possible evidence, an increasing intake of PUFA
may increase the risk of breast cancer.

10.4.2 n-6 Fatty Acids

Colorectal Cancer

In the SLR for the WCREF report from 2007, 5 cohort
studies which investigated n-6 fatty acids, were identified.
None of the studies reported any significant risk relations.
A formal meta-analysis was not carried out [257] (LOE
ITa). An investigation from the Cancer Prevention Study-
IT Nutrition Cohort published shortly thereafter showed
no association between the intake of n-6 fatty acids and
risk of colorectal cancer in men and women in the strong-
ly adjusted models [284] (LOE IIb). A cohort study from
Singapore also showed no risk relation between colorectal
carcinoma and intake of n-6 fatty acids [285] (LOE IIb).
An analysis of a Japanese cohort, which focused on sub-
groups and involved people from health centres, gave no
indication that the intake level of n-6 fatty acids is linked
to the risk of cancer in the intestinal area [286] (LOE IIb).

Lung Cancer
In the SLR for the WCREF report from 2007, 1 cohort
study was cited, which showed a reduced risk (RR = 0.68;
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95% CI 0.46-1.0) for each increase of the n-6 fatty acid
concentration in serum by 1 standard deviation [257]
(LOE IIb). No further studies regarding this association
were identified.

Bladder Cancer
No epidemiological studies could be identified regard-
ing n-6 fatty acids.

Pancreatic Cancer

In the updated version of the SLR for the WCRF in
2011, n-6 fatty acids were not covered with the exception
of LA. No risk association was found for LA [260] (LOE
IIa).

Breast Cancer

For the intake of n-6 fatty acids, the SLR for the WCRF
showed both a cohort study with a strong positive asso-
ciation and a cohort study with no risk relation. For the
intake of LA, the 6 studies available as of 2005 showed no
risk relation [257] (LOE IIa).

Endometrial Cancer

The authors of the SLR could identify only 1 cohort
study on LA, showing no risk association [279] (LOE IIa).
Further epidemiological studies on n-6 fatty acids and
their relation to the risk of endometrial cancer were not
found.

Ovarian Cancer

The SLR for the WCREF report [257] (LOE IIb) high-
lighted 1 cohort study that investigated LA and AA, with
no risk relation found. No other epidemiological studies
on this topic were found.

Prostate Cancer

In the WCREF report, 4 cohort studies on n-6 fatty acids
were identified, demonstrating no risk relation [257]
(LOE IIa). In the Multiethnic Study from Hawaii, the lev-
el of n-6 fatty acids in blood was not associated with the
risk of prostate carcinoma [283] (LOE IIb). In the EPIC
Study, n-6 fatty acids in blood were not linked to risk of
prostate carcinoma [282] (LOE IIb). In their meta-analy-
sis of 3 cohort studies, Chua et al. [287] (LOE IIa) found
no association between the intake of n-6 fatty acids and
risk of prostate cancer. Basset et al. [278] (LOE IIb) also
reported that there was no association between the intake
of n-6 fatty acids or blood concentrations of these fatty
acids and risk of prostate cancer in the Melbourne Col-
laborative Cohort Study. The NIH-AARP also showed no
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association between the intake of n-6 fatty acids and risk
of prostate cancer [277] (LOE IIb). In the systematic re-
view by Sakai et al. [288] (LOE IIa) on arachidonic acid,
both studies with intake data and studies measuring the
blood concentration of arachidonic acid demonstrated
no association with the risk of prostate cancer.

With probable evidence, an increased intake of n-6
fatty acids is not associated with the risk of individual
cancers.

10.4.3 n-3 Fatty Acids and the Ratio of n-6 to n-3

Fatty Acids

Gerber [289] published a compilation of studies on the
relation between n-3 fatty acids and cancers in the col-
orectum, prostate and breast. Additional meta-analyses
related to the individual cancer endpoints for this fatty
acid fraction can also be found in the literature [e.g. 290,
291]. Together with the SLR of the WCREF [257], this gives
a good data pool for n-3 fatty acids. Studies on n-6 fatty
acids and cancers are not as common.

The data pool for the ratio of n-6 to n-3 fatty acids is
also smaller. This may be due to the fact that there are
comparatively few studies on n-6 fatty acids and also no
specific hypotheses on the mechanism of action of the ra-
tio of n-6 to n-3 fatty acids and its relation to cancers. This
question is therefore handled together with n-3 fatty acids
here.

Colorectal Cancer

In the SLR on colorectal carcinoma for the WCREF re-
port from 2007, no association was described between
ALA intake and risk of colorectal cancer [257] (LOE IIa).
For ALA, Gerber [289] (LOE IIa) identified 3 studies, one
of which demonstrated a significantly elevated risk with
increased ALA intake [284] (LOE IIb). In her review, Ger-
ber [289] (LOE IIa) also cited 5 cohort studies on long-
chain n-3 fatty acids, which showed very different results.
This included 1 study with an increased relative risk [285]
(LOE IIb) and another study with a reduced relative risk
[292] (LOE IIb) with higher intake of long-chain n-3 fat-
ty acids. In a detailed analysis of its cohorts, a further
study from Japan on long-chain n-3 fatty acids found in-
dications of an inverse relation between EPA intake and
the risk of proximal colon cancer in men and colon cancer
(total) in women [286] (LOE IIb). The formal meta-anal-
ysis regarding the intake of n-3 fatty acids carried out by
Shen et al. [290] (LOE Ila) gave no indication of a risk
relation. However, the authors pointed out that, in the
meta-analysis, a reduced risk of colorectal cancer was ob-
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served in men in conjunction with an increased intake of
n-3 fatty acids.

A study from the Cancer Prevention Study-II Nutrition
Cohort on the ratio of n-6 to n-3 fatty acids demonstrated
no association with the risk of colorectal cancer [284]
(LOE IIb). The Japan Public Health Center Cohort Study
also investigated the ratio of n-3 to n-6 fatty acids and
found no risk relation [286] (LOE IIb).

Lung Cancer
No epidemiological studies regarding n-3 fatty acids
could be identified.

Bladder Cancer
No epidemiological studies regarding n-3 fatty acids
could be identified.

Pancreatic Cancer

The most recent handling of this topic by the WCRF
took place in the updated version of the SLR in 2011 and
dealt with ALA. The 3 studies that were consulted gave no
indication of a risk relation between ALA intake and risk
of pancreatic cancer. There was no separate evaluation for
total n-3 fatty acids [260] (LOE IIa). In the 2007 WCRF
report, no cohort studies on total n-3 fatty acids could be
identified [257] (LOE Ila). A meta-analysis of 9 cohort
studies showed no association between the intake of long-
chain n-3 fatty acids and risk of pancreatic cancer [293]
(LOE IIa).

Breast Cancer

In the SLR on breast cancer for the WCRF report
[257] (LOE IIa), a significantly increased risk of breast
cancer with increased intake of n-3 fatty acids was re-
ported in 1 of the 2 cohort studies. In a review of cohort
studies, Gerber [289] (LOE IIa) investigated the differ-
ent n-3 fatty acids. Three studies on long-chain n-3 fat-
ty acids and breast cancer were cited, none of which
showed a risk relation. Likewise, all 3 studies on ALA
also showed no risk relation. In their meta-analysis (12
cohort studies) with data on intake and tissue biomark-
ers, Zheng et al. [291] (LOE IIa) also found no associa-
tion between ALA and risk of breast cancer. Zheng et al.
[291] (LOE IIa) reported in their meta-analysis of 10
cohort studies on n-3 fatty acids that intake is not asso-
ciated with the risk of breast cancer. At the same time,
Zheng et al. [291] (LOE IIa) also investigated the intake
of long-chain marine n-3 fatty acids and found a lower
relative risk with increased intake of these n-3 fatty acids
(19 studies).

Evidence-Based Guideline of the German
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Yang et al. [294] (LOE Ila) investigated the ratio of n-3
to n-6 fatty acids in 11 cohort studies on the basis of intake
and biomarker data and found a reduced risk of breast
cancer as the ratio increased.

Endometrial Cancer

No cohort studies on n-3 fatty acids could be identified
in the SLR for the WCREF [257] (LOE IIa). In the study by
Cui et al. [280] (LOE IIb), no association was observed
between the intake of n-3 fatty acids and risk of endome-
trial cancer.

Ovarian Cancer
In 1 cohort study, intake of DHA and EPA was inves-
tigated with no risk relation observed [257] (LOE IIb).

Prostate Cancer

In the NIH-AARP Study, Leitzmann et al. [295] (LOE
IIb) observed a risk increase with an increased intake of
ALA. Ariskincrease for prostate carcinoma in conjunc-
tion with an increased intake of ALA could not be con-
tirmed in the PCLO Study [296] (LOE IIb). Gerber [289]
(LOE IIa) cited 4 cohort studies on ALA and prostate
carcinoma, with 2 studies demonstrating risk increases,
1 study showinga risk decrease and another study show-
ing no risk relation. Chua et al. [287] (LOE IIa) also ob-
served no risk relation with the intake of ALA in their
meta-analysis of 5 cohort studies. In the SELECT-Trial
with ALA as biomarker, there was also no risk relation
[297] (LOE IIb). However, Brasky et al. [297] (LOE IIa)
were able to calculate increased relative risks with in-
creased concentrations of DHA in their meta-analysis
of 6 cohort studies with biomarkers; for EPA, there was
no association. A meta-analytical evaluation of studies
on the intake of long-chain n-3 fatty acids also showed
no risk increase for prostate carcinoma with increased
intake of long-chain n-3 fatty acids [287] (LOE IIa).
Gerber [289] (LOE Ila) reported 2 cohort studies on
long-chain n-3 fatty acids, with 1 showing no risk rela-
tion and another showing a significantly reduced rela-
tive risk with an increased intake of long-chain n-3 fat-
ty acids. In the PCLO Study, Brasky et al. [298] (LOE
IIb) found an increased risk of prostate cancer with an
increased concentration of the n-3 fatty acid DHA in the
blood, but found no association with an increased con-
centration of the n-3 fatty acids ALA and EPA in the
blood. The EPIC Study, on the other hand, reported that
long-chain n-3 fatty acids in the blood were associated
with an increased risk of prostate carcinoma [282] (LOE
IIb).
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The Multiethnic Study from Hawaii showed no asso-
ciation between the ratio of n-6 to n-3 fatty acids in the
blood and risk of prostate cancer [283] (LOE IIb). The
ratio of n-6 to n-3 fatty acids was also investigated in the
Melbourne Collaborative Cohort Study. No risk associa-
tion was found when considering intake data or blood
values [278] (LOE IIb).

The data regarding an association between the intake
of n-3 fatty acids and the risk of cancer show a very com-
plex picture for many types of cancer. This also applies to
the results with fatty acid concentrations in the blood. The
results of individual studies include both positive and
negative risk relations with increasing fat intake. This pic-
ture becomes even more complex when the additional
study results regarding PUFA in general are considered,
whose conclusions may contradict each other, as is the
case for breast and prostate cancer.

For most of the cancers that were studied, the evidence
is probable that no association exists between intake of
n-3 fatty acids and risk of disease. There is possible evi-
dence that the risk of individual cancers may increase
with an increased intake of n-3 fatty acids. With probable
evidence, there is no association between the ratio of n-6
to n-3 fatty acids and risk of cancer. However, there is
possible evidence that an increasing ratio of n-6 to n-3
fatty acids can lead to a decrease in the risk of individual
cancers.

10.5 Trans Fatty Acids

Judging trans fatty acids in relation to the risk of cancer
does not seem useful. First, there are no indications that
trans fatty acids, as opposed to the cis form, are associ-
ated with a biological mechanism of carcinogenesis. Sec-

Fig. 2. Summary of evidence evaluations regarding the relation be-
tween fat intake and primary prevention of selected nutrition-re-
lated diseases. * In the chapter on dyslipoproteinaemia, there is
insufficient evidence that trans FA from processed plant fats and
fats from ruminants have different effects. ' Without energy ad-
justment; 2 with energy adjustment; * based on short-term supple-
mentation; * based on a long-term diet; > MUFA substituted for
starch; * MUFA substituted for long-chain SFA; 7 with an increased
proportion of n-6 PUFA at the expense of carbohydrates; 8 with an
increased proportion of n-6 PUFA at the expense of other fatty
acids; ? based on the potentially different effects of trans FA from
processed plant fats and fats from ruminants; '© breast cancer;
1 evidence evaluation for total n-3 fatty acids; '* individual can-
cers. FA = Fatty acids; MS = metabolic syndrome. The number of
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ond, the proportion of trans fatty acids in the biomarker
profiles of fatty acids in the blood or tissues is small,
meaning that a reliable and solid estimate of the cancer
risk is unlikely. This assessment does not mean that in-
vestigations into trans fatty acids have not been and are
not still carried out in long-term epidemiological studies.
It does mean, however, that it is difficult to judge such risk
estimates when evaluating causality.

The scientific requirements for judging the strength of
the evidence regarding trans fatty acids and risk of cancer
are not fulfilled. Accordingly, no judgement was made.

10.6 Need for Research — Cancer

The available data from the observed risk relations and
the interventions that have been carried out do not allow
conclusions on causal biological mechanisms. The diffi-
culties in drawing strong conclusions for the primary
prevention of cancer from the data are due to the multi-
tude of alternative explanations for the risk relations in
observational studies. In intervention studies, the multi-
ple interventions and the consideration of preexisting
diseases often do not allow clear conclusions on the effect
of an individual nutritional factor on the disease itself.
These issues cannot be resolved directly with new meth-
odological approaches or by large-scale intervention
studies. In an intervention study with nutritional modifi-
cation, there exits the danger that the effects of the inter-
vention on the rest of the diet with its many nutritional
elements and not the intervention itself may be the cause
of changes in risk. Therefore, study results may be inter-
preted incorrectly with regard to causality. Before an in-
tervention study is carried out, a coherent approach will
be necessary, defining all aspects of the nutritional change
in a way that allows clear scientific conclusions.

arrows only indicates the strength of the data and not the degree
of the risk. The table at the bottom of the figure does not apply to
the results of the chapter dyslipoproteinaemia. An upward-point-
ing arrow denotes an increase in the concentration of lipoproteins
and triglycerides in plasma (with convincing 111/probable T1/pos-
sible evidence 1), a downward-pointing arrow refers to a decrease
in the concentration of lipoproteins and triglycerides in plasma
(with convincing l1l/probable !l/possible evidence ). It should
be noted that for example, an increase in the plasma concentration
of HDL cholesterol is desired as it decreases the risk of dyslipopro-
teinaemia and that an increase in the plasma concentration of total
and LDL cholesterol, on the other hand, is undesirable, as it in-
creases the risk of dyslipoproteinaemia.

(For figure see next page.)
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The available prospective studies should be evaluated the systematic analysis of the cohort studies is expanded
more systematically than has been the case to date, witha  to simultaneously consider the areas of food patterns, nu-
standardised methodology so that the available data can trients and biomarkers. A partial clarification of causal
be used for a systematic scientific assessment. A deeper risk relations can also be achieved through the further
understanding of the associations is also reached when histological characterisation of the malignant tumour.
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Furthermore, genetic modifications with clear functional
relations should be included in the statistical models.
With the Mendelian Randomisation approach, statistical
methods are available, which can draw conclusions re-
garding the causal contribution of a substance towards
the incidence of disease.

In the future, with longer life expectancy and the as-
sociated increase in cancer cases, it will become more
and more important to develop approaches for second-
ary prevention. Diet could play a key role here. How-
ever, for the development of such lifestyle-including
approaches, clear proof of the effectiveness of nutri-
tional measures will be necessary. In Germany, there
are good research opportunities for this due to the re-
habilitation measures carried out by health insurers al-
most nationwide. One of the key questions here is
whether further cancer growth can be influenced by a
change in total fat intake or the selection of certain fat-
ty acids.

11 Summary of the Results of the Guideline on Fat
Intake

Figure 2 summarises the results of the guideline. The
most significant results are as follows:

There is probable evidence that a high intake of fat
with uncontrolled total energy intake favours the devel-
opment of obesity. With an energy-controlled diet, how-
ever, there is probable evidence for a lack of association
between fat intake and risk of obesity. There is convincing
evidence that an increasing fat intake increases the plas-
ma concentration of total and LDL cholesterol.

There is probable evidence that the substitution of SFA
with PUFA lowers risk of CHD, and convincing evidence
that it lowers the plasma concentration of total and LDL
cholesterol.

Increasing the intake of MUFA lowers the risk of
dyslipoproteinaemias, as there is convincing evidence
that the plasma HDL concentration increases and the
plasma triglyceride concentration and the ratios of total
to HDL cholesterol and LDL to HDL cholesterol de-
crease.

There is probable evidence that an increased intake of
long-chain n-3 fatty acids lowers risk of CHD. Further-
more, there is probable evidence that an increased intake
of long-chain n-3 fatty acids lowers risk of hypertension
and convincing evidence that it reduces the plasma tri-
glyceride concentration. However, blood pressure-lower-
ing and triglyceride-lowering effects cannot be expected
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with the amounts of long-chain n-3 fatty acids usually
ingested by diet.

There is convincing evidence that an increased intake
of trans fatty acids increases risk of dyslipoproteinaemias
(with increased plasma concentrations of triglyceride as
well as total and LDL cholesterol and a reduced plasma
HDL cholesterol concentration). There is probable evi-
dence that an increased intake of trans fatty acids also
increases risk of CHD.

Need for Research

The data regarding the relations for the substitution of
fat or fatty acids with other nutritional factors is still in-
sufficient. Further systematic investigations would be de-
sirable, as recommendations (for healthy people) involv-
ing a targeted substitution of nutritional components in
an isocaloric diet may provide an optimum contribution
to the primary prevention of nutrition-related diseases.
With regard to fat intake, the question arises as to which
change in risk can be expected if dietary fats are, for ex-
ample, replaced by different carbohydrates or proteins, or
if one fatty acid is replaced by another. The more compre-
hensive and systematic the knowledge in this area, the
more target-oriented and effective the dietary recom-
mendations for primary prevention of nutrition-related
diseases can be.

12 Implementation of the Guideline on Fat Intake

Practical recommendations regarding fat intake for
healthy people are derived from results where the evi-
dence for the relation to the disease risk is classed as ‘con-
vincing” and ‘probable’. The evaluation of the evidence
shows that both the total amount of fat and the pattern of
fatty acids must be considered in dietary recommenda-
tions.

The recommendation to limit fat intake is based on the
observation that increasing total fat intake increases risk
of obesity, as long as total energy intake is not considered.
As obesity is an established risk factor for hypertension,
dyslipoproteinaemia, CHD, type 2 diabetes mellitus,
stroke and some cancers, the prevention of a strong weight
increase is a central goal for primary prevention, which
can be supported by limiting fat intake. Fat is the nutrient
with the highest energy density, which means that limiting
fat intake makes it easier to limit energy intake.

Moreover, the findings of the guideline suggest that in
addition to a limitation of fat intake, a modification of the
fatty acid pattern in favour of unsaturated fatty acids, par-
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ticularly long-chain n-3 fatty acids, at the expense of SFA
and trans fatty acids, is desirable. According to current
knowledge, these measures lower the risk of dyslipopro-
teinaemia and CHD. The primary prevention of CHD
through long-chain n-3 fatty acids in the diet is consid-
ered confirmed, regardless of the failures of more recent
studies regarding secondary prevention, which could be
attributed to the simultaneous treatment with statins or
the use of long-chain n-3 fatty acid ethyl esters. The blood
pressure-lowering and triglyceride-lowering effects can-
not be expected with the amounts of long-chain n-3 fatty
acids usually ingested by diet.

The results of this guideline support the main state-
ments of the D-A-CH reference values for nutrient intake
[299] and the DGE recommendations on food selection
[300-302]. In accordance with the D-A-CH reference
values, a fat-modified and moderate fat diet with around
30% (PAL >1.4) to 35% (PAL >1.7) of energy in the form
of fat is recommended. For the intake of fatty acids, the
following reference values should be maintained: SFA
7-10 en%, trans fatty acids <1 en%, PUFA (sum of n-6
and n-3 fatty acids) 7 en% to maximum 10 en%. The pro-
portion of MUFA is calculated from the difference be-
tween total fat and the fatty acids mentioned earlier.

The practical implementation of the findings from
this guideline and the D-A-CH reference values is best
achieved by the consumption of low-fat food variants and
an increased consumption of foods of plant origin. The lat-
ter contain less fat than animal products, are free of cho-
lesterol and have a more favourable fatty acid composition
than most products of animal origin. Wholemeal products
should be preferred due to their dietary fibre content, while
fruit and vegetables should be preferred due to their energy
density, which is lower than that of foods of animal origin
because of their high water and low fat content.

A diet based on wholemeal products, 5 portions of veg-
etables and fruit per day and low-fat variants of milk and
dairy products as well as meat and meat products lowers
the consumption of animal fats. Under consideration of
an equal energy balance, vegetable oils with a high pro-
portion of ALA and oily fish rich in long-chain n-3 fatty
acids can therefore be additionally integrated into the
diet. This favours an increase in the intake of n-3 fatty
acids. Vegetable oils with a favourable ratio of linoleic
acid to ALA should be preferred. Considering the Ger-
man dietary habits, rapeseed oil and walnut oil best fulfill
this criterion.
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