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 Preface 

 This supplement of  Annals of Nutrition and Metabolism  contains the Pro-
ceedings of the International Expert Meeting (IEM) on Health Significance 
of Fat Quality of the Diet, held on February 1–2, 2009, in Barcelona, Spain.

  The year 2009 has started in a situation with global economic crisis, caus-
ing many changes in the societal landscape. For us in the health field, it is 
critical to consider how to maintain and strengthen good public health work. 
Health is, indeed, of growing value to people and of increasing interest to so-
cieties, also for economic reasons. 

  Diet plays a critical role in obtaining and maintaining good health and it 
is quite obvious that the quality of dietary fats is a crucial element in this. The 
aim of the Barcelona IEM was to review: 
  (1) existing recommendations and guidelines on fats in order to update the 

knowledge on health implications of the fat quality of the diet;  
 (2) the role of high-quality fat sources in contributing to achieving an optimal 

fat quality of the diet; 
 (3) consumer perception and insights on fats and fatty acids in order to ana-

lyze what consumers actually know about fats and health, and 
 (4) current dietary fat intakes and evaluate whether they are in line with the 

(inter)national recommendations for fats and fatty acids. 
 Furthermore, the goal was to agree on a statement, in which the experts 

with input from other stakeholders such as health and communication pro-
fessionals and the food industry, call for concerted actions at all levels to guide 
consumers in making healthier choices with respect to the fat quality of the 
diet. 

  The IEM was organized under the auspices of the International Union of 
Nutrition Sciences and the World Heart Federation and funded through an 
unrestricted educational grant from Unilever. 

  We believe that the papers presented during the IEM and the summary 
statement provide a global viewpoint on health significance of the fat quality 
of the diet and hope that it will stimulate the discourse on fat in expert and 
consumer forums from ‘eating less fat’ to ‘eating the right type of fat’. 
   March, 2009
    Ricardo Uauy ,  Pekka Puska  

 Published online:  $   $   $  

 © 2009 S. Karger AG, Basel
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 Dietary Fat Quality for Optimal Health 
and Well-Being:
Overview of Recommendations 

 Ricardo Uauy  

 Department of Public Health Nutrition, London School of Hygiene and Tropical Medicine,  London , UK;
Instituto de Nutrición y Tecnología de los Alimentos, Universidad de Chile,  Santiago , Chile 

 Introduction 

 Fats were traditionally considered part of dietary en-
ergy needs until George and Mildred Burr in 1929 intro-
duced the concept that fat might be necessary for the 
proper growth and development of animals and possibly 
humans. They proposed that linoleic acid (LA; 18:   2 n–6), 
arachidonic acid (20:   4 n–6) and  � -LA (ALA; 18:   3 n–3) be 
considered essential fatty acids (EFAs)  [1] . These were 
considered of marginal nutritional importance for hu-
mans until the 1960s, when signs of clinical n–6 (omega–
6) EFA deficiency were first identified in infants given 
skimmed milk with added coconut oil, providing limited 
or absent EFAs, and later recorded in children and adults 
given fat-free parenteral nutrition  [2, 3] . More subtle 
symptoms appear in n–3 (omega–3) EFA deficiency in-
cluding skin changes unresponsive to LA supplementa-
tion, abnormal visual function and peripheral neuropa-
thy in subjects receiving high n–6, low n–3 fat sources in 
their intravenous nutrition supply  [4] .

  Over the past decades, the focus of lipid nutrition re-
search has shifted beyond the study of their role as essen-
tial nutrients for growth and skin health to encompass 
the role of specific fatty acids (FAs) on cholesterol, lipo-
protein and glucose metabolism  [5, 6] . It is now well 
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 Abstract 

 A century ago, dietary fat was mainly seen as a source of 
 energy. In 1929, George and Mildred Burr introduced the 
concept of essential fats: certain fats, i.e. linoleic acid and  � -
linolenic acid, need to be provided by the diet to prevent 
deficiencies. Although essential fats were initially consid-
ered of marginal nutritional importance for humans, clinical 
deficiency symptoms were recorded for the first time in the 
1960s. Beyond the fact that essential fats can prevent defi-
ciencies, research over the past decades has shown that they 
also play a major role in preventing chronic conditions such 
as cardiovascular diseases. This has resulted in an increased 
interest in the quality of the dietary lipid supply as a major 
determinant of long-term health and well-being, which is 
also reflected in recent diet guidelines. This paper will give 
an overview of key aspects of present recommendations on 
dietary fats.  Copyright © 2009 S. Karger AG, Basel 
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 established that the plasma concentration of low-densi-
ty-lipoprotein (LDL), very-low-density-lipoprotein and 
high-density-lipoprotein (HDL) cholesterol and triglyc-
eride levels are related to the type and amount of FA in-
take  [7, 8] . More recently, evidence on the effect of FAs on 
insulin sensitivity and glucose metabolism has emerged 
 [9] . The recognition that n–6 and n–3 EFA are precursors 
to the formation of prostanoids, thromboxanes, leukotri-
enes and neuroprotectins, which in turn regulate key 
physiologic functions (blood pressure, vessel stiffness/re-
laxation, thrombocyte aggregation, fibrinolytic activity, 
inflammatory responses and leukocyte migration) has 
added a further dimension to the potential consequences 
of FAs for human health. Inflammation, vasoconstric-
tion, vasodilatation, blood pressure, bronchial constric-
tion, uterine contractility and reperfusion oxidative dam-
age have been demonstrated to be affected and poten-
tially regulated by n–3 and n–6 EFA or their endogenous 
metabolic products  [10–12] .

  Interest in the quality of dietary lipid supply as a major 
determinant of long-term health and well-being is pres-
ently growing. We clearly have to go beyond the tradi-
tional saturated and polyunsaturated classification that 
yielded the polyunsaturated/saturated ratio or vegetable 
versus animal fat division suggesting that animal fat was 
bad and vegetable fats were good. The role of specific fats 
which define fat quality and impact health must pres-
ently be considered by examining the effects of individu-
al FAs. The key descriptors for fat quality presently in-
clude: saturated FAs (SFAs: lauric, myristic, palmitic and 
stearic acids); monounsaturated FAs (oleic); polyunsatu-
rated FAs [(PUFAs) of the n–6 (LA and arachidonic acid) 
and n–3 (ALA, eicosapentaenoic acid, EPA, and docosa-
hexaenoic acid, DHA) series] and trans FAs (TFAs, elaid-
ic and conjugated trans LA). Thus recent national/inter-
national dietary fat and FA recommendations consider 
the need to satisfy EFA needs, promote neurodevelop-
ment and cardiovascular health and prevent degenerative 
diseases at all stages of the life course. The World Health 
Organization (WHO) and the Food and Agriculture Or-
ganization of the United Nations (FAO) have provided 
international recommendations for fats in human health 
in 1978 and 1994  [13, 14] ; additionally, the WHO/FAO 
expert group that met in 2002 to address nutrition and 
the prevention of chronic diseases considered fat quality 
as an important aspect of the preventive strategies (Tech-
nical Report Series 916)  [15, 16] . The WHO recently pro-
duced an update on TFAs in human nutrition  [17] , and a 
new report on fat and FAs in human nutrition based on 
expert consultation conducted late in 2008 is being edited 

and will be published in the near future. The Barcelona 
International Expert Meeting used existing national and 
international recommendations for its deliberations.

  Overview of the Present Knowledge and 

Recommendations 

 Essential Fatty Acids 
 Present knowledge establishes a clear need for essen-

tial fats; these are the essential PUFAs, LAs and ALAs. 
These should be considered essential and indispensable 
since they cannot be synthesized by humans and must be 
provided by the diet. Since DHA (22:   6 n–3) and arachi-
donic acid (20:   4 n–6) can be synthesized from ALA and 
LA, respectively, they should be considered dispensable, 
although a dietary supply may be necessary for long-term 
health  [11, 18] . Given the limited and highly variable for-
mation of DHA from ALA (1–5%) and because of its crit-
ical role in normal retinal and brain development in the 
human, DHA (as provided by human milk) should be 
considered conditionally essential during early develop-
ment  [19–22] . Similarly, DHA might be considered nec-
essary for life-long health considering intakes required 
for the prevention of cardiovascular (CVDs) and other 
chronic diseases  [10, 11] . Moreover, considering new 
knowledge on the role of genetic polymorphisms 
[(rs174575) FADS2 gene responsible for  � 6 desaturase ac-
tivity] – that might explain the variability in the capacity 
to form DHA from dietary ALA by humans – it is recom-
mended that preformed long-chain n–3 PUFAs (EPA + 
DHA) be provided for optimal health at all stages of the 
life course  [23, 24] . Infants and children from conception 
to birth and throughout the life course need sufficient es-
sential fats of the n–6 and n–3 series in their diet to meet 
their needs  [11, 25] . Breast milk as consumed normally 
provides adequate amounts of these essential fats and ad-
equate amounts of DHA for normal development. After 
breast feeding is completed, all children and adults should 
secure an adequate intake of EFAs not only to meet needs 
for normal growth and development but also sufficient to 
promote optimal health and well-being. There is limited 
and inconclusive evidence of the effect of fish oil (a good 
source of EPA and DHA) on learning ability and behavior 
among school-age children; studies are mostly limited to 
children with neurodevelopmental disorders. Research is 
needed to determine potential age-specific effects of n–3 
PUFAs on depression, aggressiveness, mood swings, at-
tentiveness and learning of school children. The potential 
impact on learning/behavior in school is of great social, 
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public health and economic interest [Koletzko et al., pers. 
commun.].

  Fat Intake and Weight Maintenance 
 Ecological studies, including the recent publication by 

Marantz et al.  [26] , show that emphasis on low-fat diets 
has not resulted in a decreased trend of obesity. The effect 
of the total fat content of the diet on health is mediated 
by the quality of fat consumed rather than by the quan-
tity of fat consumed. Consumption of excess energy be-
yond energy needed for maintenance, growth and physi-
cal activity is responsible for excess body fat accumula-
tion independent of whether the energy is derived from 
fat or carbohydrates. In addition, the fat and water con-
tents of foods are the main determinants of the energy 
density of the diet. A lower consumption of energy-dense 
(i.e. high-fat, high-sugars and high-starch) foods and en-
ergy-dense (i.e. high free sugars) drinks contributes to a 
reduction in total energy intake. Conversely, a high in-
take of energy-dilute foods (i.e. vegetables and fruits) and 
foods high in non-starch polysaccharide, e.g. wholegrain 
cereals, contributes to a reduction in total energy intake. 
It should be noted, that very active groups who have diets 
high in vegetables, legumes, fruits and wholegrain cereals 
may sustain a total fat intake of up to 35–40% without the 
risk of unhealthy weight gain. Despite the role of fat in 
increasing energy density of diets, the long-term effect of 
energy density in defining unhealthy weight gain is not 
well established. Women’s Healthy Eating & Living Trial 
and Women’s Health Initiative, two very large and long-
term randomized, double-blind, placebo-controlled tri-
als (RCTs) of low fat, both showed minimal effects on 
weight  [27, 28] . Multiple well-controlled RCTs of equal 
intensity interventions show greater weight loss on high-
fat diets  [29, 30] . However, recent data  [31]  suggest that 
weight loss is attained mainly by achieving a sustained 
reduction in energy intake independent of the fat, protein 
or carbohydrate composition of the diet. The recommen-
dations for total fat are usually formulated to include 
countries where the usual fat intake is typically above 
30% as well as those where the usual intake may be very 
low, for example  ! 15%. Total fat energy of at least 20% is 
consistent with good health  [15, 32] . Highly active groups 
with diets rich in vegetables, legumes, fruits and who-
legrain cereals may, however, sustain a total fat intake of 
up to 35% without the risk of unhealthy weight gain. For 
women of reproductive age at least 20% has been recom-
mended by the Joint FAO/WHO Expert Consultation on 
Fats and Oils in Human Nutrition  [13]  and confirmed in 
the WHO Technical Report Series 916 on Diet, Nutrition 

and the Prevention of Chronic Diseases  [15] . The concern 
for low-fat diets in women from developing countries re-
lates to the high prevalence of young women with low 
body mass index, especially in the Indian subcontinent, 
since this condition is associated with low birth weight 
and a high prevalence of stunted children  [32] .

  Fats, Fatty Acids and Cholesterol, and Risk of 
Cardiovascular Diseases 
 The study of the relationship between dietary fats and 

CVDs, especially coronary heart disease (CHD), with ev-
idence accrued from animal experiments, observational 
studies, clinical trials and metabolic studies conducted in 
diverse human populations, reveals strong and consistent 
associations between diet and CHD  [5, 6, 33, 34] . The po-
tential mechanisms have also been well studied focusing 
mainly on the effect of diet on plasma lipoprotein choles-
terol fractions. SFAs raise total and LDL cholesterol, but 
individual FAs within this group have different effects. 
Myristic and palmitic acids have the greatest LDL raising 
effect and are abundant in diets rich in dairy products 
and meat  [7, 8] . Stearic acid has not been reported to el-
evate blood cholesterol and has been shown to be rapidly 
converted to oleic acid in vivo, thus it is considered neu-
tral in terms of the plasma cholesterol effect  [35, 36] ; less 
is known on other potential adverse effects of stearic acid 
on the CVD risk  [37, 38] . TFAs are similar to SFAs in their 
effect on LDL, but additionally they lower the protective 
HDL cholesterol and increase lipoprotein(a), which fur-
ther increases the CHD risk. TFAs are the geometrical 
isomers of cis-unsaturated FAs produced in the rumen of 
ruminant animals or by partial hydrogenation; this pro-
cess creates TFAs and also removes the critical unsatu-
rated bonds present in EFAs and essential for their action. 
Metabolic studies have demonstrated that TFAs of natu-
ral or as products of partial hydrogenation render the 
plasma lipid profile even more atherogenic than SFAs, 
not only by elevating LDL cholesterol to similar levels but 
also by decreasing HDL cholesterol  [7, 39–41] . Several 
large cohort studies have found that intake of TFAs in-
creases the risk of CHD  [42–44] . The most effective re-
placement for SFAs and TFAs in terms of reducing CHD 
as an outcome are PUFAs; oils with both LA and ALA 
predominantly present have been shown to be effective in 
decreasing LDL cholesterol, CHD events and deaths. This 
is now supported by the results of several large random-
ized clinical trials, in which replacement of SFAs and 
TFAs by vegetable oils rich in essential PUFAs lowered 
the CHD risk. A recent pooled analysis of 11 large pro-
spective cohort RCTs confirms this statement  [45] . TFAs 
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are presently being reduced or eliminated from retail fats 
and margarines and spreads in many parts of the world, 
however deep-fried fast foods and baked goods remain a 
major source of TFAs  [17, 44] . The very-long-chain PUFA 
of the n–3 series, EPA and DHA, powerfully lower serum 
triglycerides, but do not modify or may even raise serum 
LDL cholesterol  [45–49] . Most of the epidemiological ev-
idence related to the protective effects of n–3 PUFAs is 
derived from studies of fish consumption in populations 
or interventions involving fish oils administered in clin-
ical trials  [50–54] .

  Cholesterol in the blood and tissues is derived from 
two sources: diet and endogenous synthesis, the former 
commonly contributes 20–30% to the total body choles-
terol pool, thus the regulation of endogenous synthesis 
plays a key role in the control of plasma levels  [55] . Al-
though dietary cholesterol mildly raises plasma choles-
terol levels when intake is very high ( 1 400 mg/day), an 
increase in intake of 100 mg/day would be expected to 
increase serum cholesterol by approximately 4 mg/dl 
 [56] ; epidemiological evidence for an association of di-
etary cholesterol intake with CVD is contradictory  [56–
58] .

  Conclusions 

 CHD rates can be significantly reduced by dietary 
changes, which is achieved by replacing saturated fat and 
trans fats with cis-unsaturated FAs. Advice about dietary 
fat should focus on the replacement of SFAs and TFAs 
with PUFA-rich vegetable oils, including sources of n–3 
FAs. Replacement of SFAs by carbohydrates provides no 
benefit in terms of the CHD risk  [45] . The food industry 

should take advantage of the costs and effort of reformu-
lation to make healthier products, avoiding replacing 
trans and saturated animal fats with vegetable oils rich in 
palmitic acid (palm oil) and lauric acid (coconut oil). Em-
phasis should be placed on the need to reduce overall en-
ergy intake and increase physical activity rather than rec-
ommendations to lower percent energy from fat and re-
duce fat or ‘fatty foods’ as a way to lose weight.

  The following recommendations on the quality of fat 
in the diet are made for optimal health across the life 
course worldwide, from an age of about 2 years on-
wards:
  • fat may provide up to 30–35% of the daily energy in-

take; 
 • saturated fat should provide no more than 10% of the 

daily energy intake; 
 • essential PUFA (n–6 and n–3) should contribute 6–

10% of the daily energy intake; 
 • trans fats should be less than 1% of the daily energy 

intake, and 
 • the remaining of the energy from fat can be provided 

by monounsaturated fats (based on Technical Report 
Series 916)  [15] . 

 Disclosure Statement 
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be given worldwide. Due to different dietary patterns, only 
regionally specific recommendations can be made about 
what would be necessary to modify and improve fat quan-
tity and quality of the diet.  Copyright © 2009 S. Karger AG, Basel 

 Introduction 

 Coronary heart disease (CHD) is a major contributor 
to morbidity and mortality worldwide. Risk factors are 
sedentary lifestyle, overweight/obesity, smoking, high 
blood pressure, raised total cholesterol, low-density-lipo-
protein (LDL) cholesterol and triglycerides, as well as 
type 2 diabetes  [1] . In brief, high intake of saturated (SFAs) 
and trans fatty acids (TFAs) as a percentage of total en-
ergy intake (%E) is known to correlate with CHD due to 
raised LDL cholesterol levels  [2] . A recent pooled analysis 
of 11 cohort studies has suggested that replacing fatty ac-
ids (FAs) with polyunsaturated fatty acids (PUFAs) in-
stead of monounsaturated fatty acids (MUFAs) or carbo-
hydrates prevents coronary heart diseases  [3] . However, 
the type of carbohydrate was not identified in this study 
 [3] . In addition, it is also recognized that commercial 
foods labeled as ‘low-fat/fat-free’, which are high in re-
fined carbohydrates and sugars, do not prevent the in-
creasing trend towards obesity and type 2 diabetes  [2] . 
Moreover, low-fat, high-carbohydrate diets are known to 
reduce the ‘good’ high-density lipoprotein (HDL) choles-
terol and raise triglycerides. Both are associated with an 

 Key Words 
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 Abstract 

  Background/Aim:  The objective of this review was to collect 
data on the dietary intake of total fat and saturated (SFA), 
monounsaturated (MUFA) and polyunsaturated fatty acids 
(PUFA), especially linoleic (LA),  � -linolenic (ALA), eicosapen-
taenoic and docosahexaenoic fatty acids, in adults from var-
ious countries and to compare them with current recom-
mendations for fat intake.  Methods:  Weighted mean intake 
data were collected from national dietary surveys, large 
cross-sectional studies and/or studies with focus on health 
and nutrition. Thereof, only studies with diet recalls, weigh-
ing records or food frequency questionnaires were consid-
ered.  Results:  Data from 28 countries were included, repre-
senting Africa (3), America (4), Asia (5), Australia/New Zealand 
(2) and Europe (14). Total fat intake ranged from 11.1 (China, 
Guangxi Bai Ku Yao and Han populations) to 50.7 (rural dwell-
ers in Nigeria) percentages of total energy (%E). SFA intake 
varied from 3.1 (China, Guangxi Bai Ku Yao and Han popula-
tions) to 25.4%E (rural dwellers in Nigeria). Mean MUFA and 
PUFA intake ranged from 3.5 (China, Guangxi Bai Ku Yao and 
Han populations) to 22.3 (Greece), and 3.3 (India) to 11.3%E 
(Taiwan), respectively. The mean intake of LA and ALA was 
between 2.7 (India) and 7.2 (Austria), and 0.4 (France) and 
1.0%E (Finland).  Conclusion:  With regard to recommenda-
tions for fat intake, no general advice for improvements can 
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increased CHD risk  [4] . The results from the Nurses’ 
Health Study demonstrated that replacing SFAs with un-
saturated FAs was inversely related to the risk of CHD 
due to beneficial effects on blood lipids  [4] , whereas total 
fat intake was not significantly associated with the risk of 
CHD  [4] . High consumption of linoleic acid (LA, 5–10%E) 
is regarded to reduce the risk of CHD, which is based on 
a lowered total/HDL cholesterol ratio  [5] . This ratio is 
considered to be a more specific marker for CHD than 
LDL cholesterol levels  [5] . A number of studies suggested 
that ALA seems to be similar to LA in decreasing LDL 
cholesterol levels  [6] . In addition, there is also a low bio-
synthesis of eicosapentaenoic (EPA) and docosahexaeno-
ic acid (DHA) from the parent essential ALA. Especially 
the intake of both EPA and DHA is inversely related to 
the risk of fatal (and possibly nonfatal) CHD. The protec-
tive tissue levels are reached by an intake of preformed 
EPA and DHA between 250 and 500 mg/day  [7] .

  Due to different effects on health, the following rec-
ommendations for fat intake have been established. In-
takes of total fat are recommended from 15 to 35%E,
SFAs  ! 10%E, TFAs  ! 1%E and PUFAs from 6 to 10%E 
 [8–10] .

  Methods 

 The objective of this review was to gather fat intake data for as 
many countries as possible to provide a global perspective. The 
intake data on fat quantity (total fat) and quality (SFAs, MUFAs 
and PUFAs) in adults were included. In this review, the fat intake 
data are based on estimates of food purchases and availability. 
The food balance sheets of the Food and Agricultural Organiza-
tion of the United Nations (FAO) were excluded. They demon-
strate only national trends and facilitate international compari-
sons. However, they are not suited to consider requirements and 
intakes with regard to age, sex and ethnic groups. Only individu-
al dietary intake data calculated from 24-hour recalls, weighing 
records and food frequency questionnaires were included. There-
fore, the collected data can only give a rough overview of fat intake 
in various countries, but are limited to direct comparisons due to 
the usage of different methods. 

  Only publications from the past 15 years were considered. 
Data were collected via internet and the electronic database 
PubMed between July 2008 and February 2009. The following key 
words were used: intake or diet of total fat, saturated fatty acids, 
polyunsaturated fatty acids, linoleic acid,  � -linolenic acid, eicosa-
pentaenoic acid, docosahexaenoic acid, essential fatty acids, ome-
ga–6 and omega–3 fatty acids, long-chain polyunsaturated fatty 
acids, and the name of the country included in title and abstract. 
The search strategy was limited to the English and German lan-
guages. 

  In most publications included in this review, results were pre-
sented as means. Some data had to be recalculated because they 
were given in absolute amounts; they were then related to and ex-

pressed as the percentage of fat energy in total energy intake (%E). 
When only the results of subgroups were presented, a weighted 
mean was used to give an overview for this country. This was done 
by weighting the mean fat intake of each subgroup by the number 
of individuals in the subgroup. 

  Results 

 Intake Data 
 Intake data were found for 28 countries. Three coun-

tries were from Africa, four from America, five from 
Asia, 14 from Europe and one each from Australia and 
New Zealand. All reports/publications provided data on 
total fat intake, SFAs, MUFAs and PUFAs, with the ex-
ception of Nigeria (only total fat and SFAs). An overview 
of the characteristics of the surveys found for each of the 
countries is presented in  table 1 . The data of 10 countries 
were obtained from the European Nutrition and Health 
Report 2004  [11] , which included intake data on total fat, 
SFAs, MUFAs and PUFAs from mainly national dietary 
surveys. Fourteen countries provided additional specific 
data on LA and ALA, and for 12 countries intake data on 
EPA and DHA were available.

  Fat Intake – A Global Perspective 
 Mean daily intake of total fat expressed as percentage 

of energy ranged from 11.1 to 50.7%E ( table 1 ). The high-
est variation in total fat intake was observed in Africa 
(13.1–50.7%E). However, America (25.7–37.2%E), Asia 
(11.1–35.6%E) and Europe (28.5–46.2%E) also demon-
strated great differences in regional fat intakes ( table 2 ).

  Total fat intake of 15 countries (Canada, Costa Rica, 
Mexico, US, China, India, Japan, South Korea, Australia, 
Finland, Italy, Norway, Portugal, Sweden and the UK) was 
between 20 and 35%E. Nine countries, the USA (Alaska), 
Taiwan, New Zealand, Austria, Denmark, France, Ger-
many, Hungary and Spain, demonstrated high fat intakes 
( 6 35%E). In addition, very high fat intakes ( 1 40%E) were 
observed in Cameroon, Belgium, Nigeria and Greece, 
while total fat intake in China (Guangxi Bai Ku Yao and 
Han populations) and Tanzania is  ̂  15%E. 

  Eight countries had a lower SFA intake than 10%E, 
ranging from 3.1%E (China: Guangxi Bai Ku Yao and 
Han populations) to 9.5%E (Portugal). The remaining 
countries had a higher SFA intake (10.0–25.4%E) than
the recommended  ! 10%E  [8, 10] . The highest SFA intake 
(25.4%E) was observed in rural dwellers in Northern Ni-
geria, whereas urban dwellers ate only 5.7%E of SFAs. The 
region comparison demonstrated that SFA intake was 
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Table 1. Overview of mean intakes (%E) of total fat, SFAs, MUFAs and PUFAs and characteristics of the surveys from various coun-
tries

Country and 
reference

Abbr. Year 
of publ.

Data source Sample
size

Dietary method Age
group

Total
fat, %E

SFA
%E

MUFA
%E

PUFA
%E

Africa
Cameroon [15] CM 2000 habitual diet study of rural and 

urban subjects in Cameroon
1,785 24-hour recall and FFQ 24–74 42.8 14.1 16.4 5.9

Nigeria [16] NG 2004 study of urban and 135 4!24-hour recalls and FFQ 
and 7 day dietary record

20–75 37.9 5.7 – –
rural dwellers in northern Nigeria 115 50.7 25.4 – –

Tanzania [17] TZ 1997 food consumption in rural and 
urban Tanzania

105 24-hour recall 35–44 13.1 4.1 4.7 4.0

America
Canada [18] CA 2004 nutrition survey, Canada excluding 

territories
18,820 24-hour recall 19+ 31.4 10.2 12.5 5.6

Costa Rica [19] CR 2002 comparison of dietary intakes in rural, 
suburban and urban populations

503 FFQ �57 32.1 11.2 12.0 5.5

Mexico [20] MX in
prep.

MHNS (Mexican Health an Nutrition 
Survey) 2006

15,951 FFQ (data are expressed
as medians)

19–69 25.7 7.4 7.2 4.4

US [21] (a) US (a) 2008 (NHANES) nutrition survey 4,423 2!24-hour recall 20+ 33.7 11.3 12.4 7.1
US Alaska [22] (b) US (b) 2005 GOCADAN (Genetics of Coronary 

Artery Disease in Alaska Natives) Study
734 FFQ (data are expressed

as medians)
17–60 37.2 12.2 14.3 6.7

Asia
China [23] (a) CH (a) 2007 INTERMAP (International Study of 

Macro- and Mironutrients and Blood 
Pressure) Study

839 24-hour recall �49 20.0 5.0 8.1 5.8

China [24] (b) CH (b) 2007 dietary intake of Guangxi Bai Ku Yao 
and Han populations

2,343 24-hour recall 15–89 11.1 3.1 3.5 4.3

India [25] IN 2005 survey, only women 200 3!24-hour recall 26.7 10.6 6.0 3.3
Japan [23] JP (b) 2007 INTERMAP (International Study

of Macro- and Miro- nutrients and
Blood Pressure) Study

1,145 24-hour recall �49 24.9 6.6 9.0 6.4

South Korea [26] KR 2004 contribution of specific foods to fat
and fatty acids

224 FFQ and 3-day dietary
record

30–85 21.1 6.0 7.7 5.1

Taiwan [27] TW 1994 government employees 423 24-hour recall 40–59 35.6 8.8 12.6 11.3

Australia
Australia [28] AU 1998 National Nutrition Survey 10,851 24-hour recall and FFQ 19+ 32.5 12.7 11.8 5.0
New Zealand [29] NZ 1999 National Nutrition Survey 4,636 24-hour recall and FFQ 15+ 35.0 15.0 12.0 5.0

Europe
Austria [30] AT 2009 Austrian Nutrition Survey 2008 2,123 24-hour recall 19–64 37.3 14.6 12.6 8.0
Belgium [11] BE 20051 Survey 1979–1984 6,870 24-hour recall 25–75 41.5 16.5 15.0 8.5
Belgium [31] BE 2006 Epidemiological Survey, only women 641 48-hour recall 18–39 34.3 13.7 13.1 6.0
Denmark [11] DK 20051 Survey 1995 1,352 7-day record 19–64 36.3 15.2 11.0 5.0
Finland [11] FI 20051 Survey 2002 2,007 48-hour recall 25–64 33.7 13.9 11.2 5.0
France [11] FR 20051 Survey 1994–2002 8,202 24-hour recall 35–60 38.2 15.6 14.0 5.0
Germany [32] DE 2003 EPIC Cohort 4,021 24-hour recall 35–40 37.6 15.7 12.8 6.5
Greece [11] (a) GR (a) 20051 EPIC Cohort 20,942 FFQ 25–64 46.2 13.1 22.3 6.6
Greece [33]
(Cretan) (b)

GR (b) 1999 food and nutrient intake of
Cretan adults

470 validated 24-hour recall 18–64 40.3 11.8 19.8 5.1

Hungary [11] HU 20051 Survey 1992–1994 2,349 3!24-hour recall 18–54 37.9 14.0 15.0 4.0
Italy [11] IT 20051 Survey 1994–1996 – 7-day record 18–64 34.0 10.0 13.0 5.0
Norway [34] NO 1998 Norwegian national nutrition 

surveys 1997
3,144 FFQ 19–79 31.0 12.2 10.9 5.5

Portugal [11] (a) PT (a) 20051 Surveys 1995–1998, 2001 972 FFQ >18 30.1 9.5 12.9 5.3
Portugal [42] (b) PT (b) 1999 assessment of food nutrient intakes 489 FFQ >40 28.5 8.9 12.4 4.9
Spain [11] (a) ES (a) 20051 Survey 1990–1998 10,208 24-hour recalls, 3 day 

record FFQ
25–60 38.1 12.0 16.0 5.5

Spain [35] (Catalan) (b) ES (b) 1999 Catalan Nutrition Survey 1,600 2!24-hour recall and FFQ 18–60 38.0 12.8 17.2 4.6
Sweden [11] SE 20051 National Food Survey 1997–1998 1,215 7-day record 18–74 34.0 14.5 12.5 5.0
UK [36] UK 2003 National Diet and Nutrition Survey 

adults 19–64 years
1,724 7-day dietary record 19–64 33.5 12.6 11.1 6.0

TZ: SFA, MUFA and PUFA estimated and calculated from graphs. FFQ = Food frequency questionnaire.
1 Data from the European Nutrition and Health Report 2004.
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highest in European countries (11.8–16.5%E), with the 
exception of Portugal and Italy ( ̂  10%E;  table 1 ).

  The average proportion of MUFAs was between 3.5 
and 22.3%E. The mean daily intake of PUFAs in popula-
tions ranged from 3.3 (India) to 11.3%E (Taiwan). Twen-
ty countries demonstrated mean intakes of PUFAs  ! 6%E. 
The ratio of SFAs to the sum of MUFAs and PUFAs 
[SFAs/(MUFAs + PUFAs)] ranged from 0.36 (China) to 
1.14 (India). A ratio  1 0.5 demonstrates that the propor-
tion of SFAs is unfavorable, which could be observed in 
21 countries ( fig. 1 ).

  Data on LA and ALA intake were limited to 14 coun-
tries (USA, Costa Rica, India, Japan, China, South Korea, 
Australia, Austria, Belgium, Finland, France, Germany, 
Sweden and the UK). Mean LA intake was between 2.7 
(India) and 7.2%E (Austria). All countries demonstrated 
higher intakes than the 2.5%E of LA that are necessary to 
prevent deficiency symptoms  [10] , whereas 9/14 countries 
did not meet the WHO/FAO-recommended intake for n-6 
(mainly LA) (5–8%E)  [8]  ( fig. 2 ). Nine of 14 countries had 
mean ALA intakes of  6 0.5–1%E and five countries dem-

Table 2. Ranges of intake (%E) of total fat, SFA, MUFA and PUFA 
from different continents 

Continents Total fat SFA MUFA PUFA

Africa 13.1–50.7 4.1–25.4 4.7–16.4 4.0–5.9
America 25.7–37.2 7.4–12.2 7.2–14.3 4.4–7.1
Asia 11.1–35.6 3.1–10.6 3.5–12.6 3.3–11.3
Australia 32.5–35.0 12.7–15.0 11.8–12.0 5.0
Europe 28.5–46.2 8.9–16.5 10.9–22.3 4.0–8.5

Africa (total fat and SFA: CM, NG and TZ; MUFA and PUFA: 
CM and TZ). 

America (total fat, SFA, MUFA and PUFA: CA, CR, MX
and US).

Asia (CH, IN, JP, KR and TW). 
Australia (AU and NZ). 
Europe (AT, BE, DK, FI, FR, DE, GR, HU, IT, NO, PT, ES, SE 

and UK). 
The full country names and references are shown in table 1.
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  Fig. 1.  Ratio of SFAs/(MUFAs + PUFAs) in the diet in different regions. For full country names and references, see table 1. 

ANM163.indd   11ANM163.indd   11 01.07.2009   14:46:5101.07.2009   14:46:51



 Elmadfa/Kornsteiner

 

Ann Nutr Metab 2009;54(suppl 1):8–1412

onstrated very low intakes of ALA ( ! 0.5%E), which is bor-
derline when it comes to the prevention of deficiency 
symptoms  [10] . The mean intake of EPA and DHA varied 
between 0.03 (China) and 1.05 g/day (Japan;  fig. 3 ).

  Discussion 

 Tremendous differences in total fat and FA intakes 
were observed between countries from different regions. 
For instance, 13 countries (Cameroon, Nigeria, US Alas-

ka, Taiwan, Austria, Belgium, Denmark, France, Germa-
ny, Greece, Hungary, Spain and New Zealand  ) had total 
fat intakes  6 35%E, which is higher than recommended 
 [8, 10] . Total fat intake of six countries was in agreement 
with the WHO/FAO nutrient intake goals (20–30%E)  [8] , 
including Mexico, China, India, Japan, South Korea and 
Portugal, while about nine countries were borderline (to-
tal fat intake between 30 and 35%E). It has to be empha-
sized that there is no uniform recommendation for this 
higher range of total fat intake between 30 and 35%E, es-
pecially in populations with a sedentary lifestyle  [8–10, 
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  Fig. 2.  Mean daily intake of LA and ALA 
among adults in various countries. For full 
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12] . Total fat intake was even below the recommendation 
( ̂  15%E)  [8]  in China (Guangxi Bai Ku Yao and Han pop-
ulations) and Tanzania.

  The proportion of SFAs in total fat intake was higher 
than that of other FA groups in most countries in Europe, 
America (Mexico), Africa (Cameroon and Nigeria; rural 
dwellers), Asia (India), Australia and New Zealand. The 
highest intakes ( 6 14%E) of SFAs were reported in Cam-
eroon, Nigeria, New Zealand, Austria, Belgium, Den-
mark, France, Germany, Hungary and Sweden. Only 
eight of 28 countries (Nigeria-urban, Tanzania, Mexico, 
China, Japan, South Korea, Taiwan and Portugal) had an 
SFA intake  ! 10%E. SFAs, namely lauric, myristic and 
palmitic acids, are known to increase LDL cholesterol, 
which is a major risk factor for CHD  [13] . Therefore, the 
upper level for SFA intake is set at 10%E  [8] .

  The average percentage of MUFAs was between 3.5 
and 22.3%E. The recommendation for MUFAs is cal-
culated as total fat – (SFAs + PUFAs + TFAs)  [11] . The 
replacement of SFAs and TFAs with cis-MUFAs and
-PUFAs is negatively associated with CHD  [4] . On the 
one hand, MUFAs are regarded as important FAs to im-
prove the FA pattern by reducing SFAs and TFAs, but on 
the other hand this is not enough to change the quality of 
the fat intake when the total fat intake is very high 
( 1 35%E). For instance, Greece demonstrated a very high 
intake of MUFAs (22.3%E) and total fat intake (46.2%E; 
 table 1 ), and although direct relationships between fat in-
take and body mass index have to be viewed with caution, 
a look at the data shows that the mean body mass index 
in Greek adults ranges from 25.4 (women, age group 25–
34) to 30.3 (women, age group 55–64)  [11] .

  All countries demonstrated higher intakes than 2.5%E 
of LA, which is sufficient to prevent deficiency symp-
toms. The majority (20) of the countries failed to reach 
the WHO/FAO population nutrient intake goals for
PUFA intake (6–10%E)  [11] , which are important for the 
prevention of chronic diseases ( table 1 ), especially in pop-
ulations with borderline or even higher total fat intake 
(30–35%E). Mainly European countries, but also Austra-
lia and New Zealand, fit into this dietary pattern. Twenty 
countries demonstrated mean intakes of PUFAs  ! 6%E. 
Due to the predominance of SFAs compared to unsatu-
rated FAs, the calculated ratio of SFAs/(MUFAs + PUFAs) 
was unfavorable ( 1 0.5) in 21 of the 28 countries. The bor-
derline was set according to the general recommenda-
tions for fat and FAs ( ! 10%E SFAs, 6–10%E PUFAs and 
the remaining from MUFAs 10–15%E)  [8, 10] . Asia dem-
onstrates a ratio  ! 0.5 with the exception of India. Data 
from India are limited to women and are not representa-

tive for the whole population. Intake data for India are 
rare, but in 1998, Ghafoorunissa  [14]  reported that the fat 
intake in India varied considerably, which can be ob-
served by widespread chronic energy deficiency related 
to low fat intake up to an increased risk of CHD in the 
urban middle- and high-income groups.

  All countries demonstrated higher intakes than 2.5%E 
of LA. This level of intake is necessary to prevent defi-
ciency symptoms  [10] . In five countries, ALA intakes 
were well below  ! 0.5%E, an intake level which is at the 
borderline to the prevention of deficiency symptoms
 [10] , especially when the diet is lacking in n–3 long-chain 
PUFAs. Data on the mean intake of EPA and DHA were 
only available from 12 countries. The sum of both FAs var-
ied between 0.03 (China) and 1.05 g/day (Japan;  fig. 3 ).

  Conclusion 

 Except for the fact that more accurate intake data are 
required to assess present global fat intake, available data 
indicate a very heterogeneous picture regarding current 
quantity and quality. Africa reveals a very high diversity 
in total fat, ranging from 13.1 to 50.1%E. In addition, 
these variations are not only found between countries in 
Africa, they are also found within a state (e.g. urban and 
rural dwellers in Northern Nigeria). Similar observations 
can be made for Asia, due to the fact that quantity and 
quality can differ hugely. All considered European coun-
tries mostly have high fat intakes ( 1 35%E). Especially the 
intake of SFAs is high ( 1 10%E). Therefore, the reduction 
in saturated fat (from animal products) would reduce 
both total fat and SFA intake, while the ratio of SFA to 
unsaturated FAs would be improved. Only Japan, South 
Korea and Norway demonstrate higher intakes of long-
chain n–3 fatty acids ( 1 0.4 g/day), which are recognized 
to have health benefits.
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 Foods with a High Fat Quality Are 
Essential for Healthy Diets 

 H. Zevenbergen    A. de Bree    M. Zeelenberg    K. Laitinen    G. van Duijn    E. Flöter 
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the essential PUFAs  � -linolenic acid (vegetable omega–3) or 
linoleic acid (omega–6), margarines and dressings with both 
essential fatty acids present in significant quantities can be 
realized. In addition, full hydrogenation and fat rearrange-
ment have enabled the production of cost-effective marga-
rines virtually devoid of TFA and low in SFA. Dietary surveys 
indicate that vegetable oils, soft margarines and dressings 
are indeed often important sources of essential fatty acids in 
people’s diets, whilst providing negligible amounts of TFA 
and contributing modestly to SFA intakes. Based on empiri-
cal and epidemiological data, the public health benefit of 
switching from products with a low fat quality to products 
with a high fat quality can be predicted. For example, switch-
ing from butter or palm oil to a soft margarine shows a sub-
stantial improvement in the nutritional quality of the diet. 
These simple, practical dietary adaptations can be expected 
to contribute to the healthy growth and development of 
children and to reduce the burden of cardiovascular dis-
ease.  Copyright © 2009 S. Karger AG, Basel 

 Introduction 

 Fat is an important part of the diet in most societies. 
However, the public has generally little knowledge about 
fats and the products containing fats. Fat is often per-
ceived as fattening and hence has a bad perception. Con-
sequently, the fat quality of the diet of many people is 

 Key Words 

 Cardiovascular health  �  Essential fatty acids  �  Fat modification  � 
Growth and development  �  Hydrogenation  �  Interesterification  �  
Margarine  �  Polyunsaturated fats  �  Saturated fat 

 Abstract 

 Fat is generally a highly valued element of the diet to provide 
energy, palatability to dry foods or to serve as a cooking me-
dium. However, some foods rich in fat have a low fat quality 
with respect to nutrition, i.e., a relative high content of satu-
rated (SFA) as compared to unsaturated fatty acids, whereas 
others have a more desirable fat quality, i.e., a relative high 
content of unsaturated fatty acids as compared to SFA. High-
fat dairy products and fatty meats are examples of foods 
with low fat quality, whereas vegetable oils (tropical oils 
such as palm and coconut oil excluded) are products with a 
generally high fat quality. The aim of this paper is to explore 
the nutritional impact of products made of vegetable oils, 
e.g. margarines and dressings, and how they can be de-
signed to contribute to good health. Since their first indus-
trial production, the food industry has endeavored to im-
prove products like margarines, including their nutritional 
characteristics. With evolving nutrition science, margarines 
and cooking products, and to a lesser extent dressings, have 
been adapted to contain less trans fatty acids (TFA), less SFA 
and more essential (polyunsaturated, PUFA) fatty acids. This 
has been possible by using careful fat and oil selection and 
modification processes. By blending vegetable oils rich in 
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deviating significantly from what is recommended, which 
may have a negative impact on health.

  The aim of this paper was to outline what the main 
sources of fat in our diets are, how products rich in fat are 
produced and what the nutritional characteristics of the 
main fat-rich products are. Finally, we provide examples 
of the positive impact that foods with a high fat quality 
can make on our health.

  Main Dietary Sources of Fat 

 The main fats commonly consumed are vegetable oils 
and fats, dairy fat and fats derived from animals, e.g. lard, 
tallow and fish oil. Many food products in the world are 
prepared with these fats and oils. In this paper, we focus 
on those products that contain a significant amount of 
fat.   Major examples are listed in the following.

   Margarines and Reduced Fat Spreads.  Originally, the 
term margarine was reserved for butter-like products 
with 80% fat. In this paper, we will use this term for all 
spreadable fat products made predominantly from vege-
table oils and fats at levels ranging from 20 to 80%.

   Butter and Ghee.  By definition, butter is made with 
 � 80% milk fat in most countries. Ghee is clarified butter 
(butterfat), used in South-Asia/Middle East. Mélanges 
are mixtures of vegetable fats and oils with butterfat.

   Vanaspati.  Vanaspati is a cooking fat usually made 
from partially hydrogenated vegetable oils used in South-
Asia and Africa.

   Cooking Fats/White Fats/Shortenings, either from Ani-
mal or Vegetable Origin.  These are products made to re-
main stable at high temperatures as in cooking and bak-
ing.

   Mayonnaise . Similar to margarine, originally with 
80% vegetable oil, mayonnaise now represents products 
with fat levels ranging from 20–80%.

  These products are often named by consumers as 
products high in fat: they form the majority of the so-
called visible fats, as opposed to invisible fats: fats hidden 
in products that may not be perceived as fatty, such as 
cheese, milk, meats and baked goods.

  As dietary recommendations often advice to reduce 
the saturated fat (SFA) intake and maintain or increase 
the intake of polyunsaturated fats (PUFA)  [1] , a rough 
indication of the foods that contribute most to the intakes 
of these types of fat is useful. Wide differences in com-
mon usage of foods exist all over the world: this makes it 
impossible and irrelevant to define a ‘global average’. 
However, in looking at the products that are the major 
sources of SFA or PUFA in countries or regions around 
the world, often the same types of products appear. There-
fore, a few general comments on foods often providing a 
significant contribution to the SFA intake can be made 
 [1–5] :
  – In many countries, dairy fat, either via cheese, butter 

or milk, is the most important source of SFA. This is 
particularly true for the Western World. 

 – Meat is again, particularly in the Western World, an 
important source of SFA. 

 – In many developing countries, baked and fried foods, 
high in SFA, are very common. Fatty snacks in gen-
eral often provide a significant amount of this fat. 

 – Finally, cooking fats and oils like vanaspati and tropi-
cal oils are often significant sources of SFA. 
 Major contributors to the PUFA intake are less diverse: 

these are for most populations either vegetable oils or 
products made thereof, like margarines and mayonnaise. 
Chicken or pork can also be significant contributors but 
both, pork in particular, also contribute significantly to 
the SFA intake.

  Of course, the contribution to the SFA and PUFA in-
take is determined by the amount of food consumed and 
the level of these fats in those foods. For some of the most 
common high-fat products, the fraction of trans fatty 
acid (TFA), SFA, monounsaturated fatty acid (MUFA) 
and PUFA of the total fat is depicted in  figure 1 .
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  A differentiation often used in the communication to 
consumers is that of ‘good fat’ and ‘bad fat’, the latter be-
ing SFA and TFA and the former being the unsaturated 
fats, i.e., PUFA and MUFA. Vanaspati and butter are very 
rich in ‘bad fats’, predominantly SFA; however, whereas 
butter usually contains a few percent of TFA (3–5%), va-
naspati can contain much more than 20%. Both provide 
very little PUFA. One of the most important edible oils is 
palm oil. This oil is about 50/50 in ‘bad’ and ‘good’ fats. 
Of the various types of margarine, stick margarines or 
wrappers usually contain  1 40% SFA on fat. These prod-
ucts are hard and often can stand higher temperatures. 
Soft premium margarines, sold in the chilled cabinet, are 
better in composition with  � 30% SFA on fat and a rea-
sonable level of PUFA, usually  1 30%. The best marga-
rines from a health perspective are high-quality soft mar-
garines rich in PUFA: they are predominantly made of 
vegetable oils rich in PUFA and hence relatively low in 
SFA (some contain  ! 20% on fat). It should be realized 
that nowadays the majority of margarines globally are 
almost free of TFA (‘virtually trans fat free’) and contain 
less TFA than for example butter. Mayonnaise is made 
from vegetable oil, such as soybean oil. This oil is low in 
SFA and contains  1 50% PUFA. Finally, the common oil 
lowest in SFA is rapeseed (or canola) oil.

  The total global oil and fat market is a huge economic 
factor with a total turnover of more than 120 billion Euro, 
making it one of the bigger markets in the food-agricul-
tural segment  [6, 7] . With the rise of affluence in develop-
ing countries, this market is increasing and can be ex-
pected to increase further.

  More important for public health is the actual con-
sumption of oils and fats and products made thereof. Un-
fortunately, due to the complex nature of the worldwide 
oil and fat usage, clear data on consumption do not exist. 
On the basis of various production data on butter, mar-
garine, spreads and some other sources, e.g. the vegetable 
fat and oil production data reported by the Food and Ag-
riculture Organization of the United Nations, a rough es-
timate of the total consumption split out over various 
types of oils and fats can be attempted. It is important to 
stress that these data are only an indication of the con-
sumption, providing useful insights but no hard facts.

  Oil and Fat Consumption 
 The total fat and oil disappearance, including wastage 

(although this is estimated to be minor for the majority 
of the world population), but excluding the use as animal 
feed and for the chemical industry, was around 120 mil-
lion tons in 2005. With a world population of 6.5 billion 

people in 2005, the average intake of oils and fats would 
be almost 20 kg per person per year. Of course there is a 
wide variability: intake in the Western World is estimat-
ed at around 50 kg/person/year whilst in sub-Saharan 
Africa this is no more than 10 kg.

   Table 1  captures the estimated split over the various 
types of oils and fats and some of their products. It is ev-
ident that margarine and vanaspati are made from vege-
table oils, which are included in tropical and seed oils, but 
nevertheless this representation gives a rough indication 
of the sizes of these segments.

  The table shows that vegetable oils and fats are by far 
the most important for human consumption and consti-
tute about two thirds of all fat sources. Of vegetable oils, 
seed and bean oils, which have generally a healthy fatty 
acid composition, are about half, and tropical oils with 
palm as its main representative the other half. But the in-
take of animal fat, while on the decline worldwide, is still 
considerable: butter, ghee, tallow and lard make up about 
23% of the fat consumption. This is important for public 
health as these fats are generally high in SFA and low in 
PUFA and are thus not contributing to a healthy fat in-
take. Olive oil is relative small in volume and localized in 
Europe and the Americas. Its share of the total oil and fat 
market is no more than 3%.

  Of the products made of vegetable oils and fats, mar-
garine is the biggest in volume and most widespread. The 
margarine segment is about as big as the butter segment. 
Vanaspati, a replacement product for butter, is a common 
product in India and the surrounding countries. In India 
alone, the production of vanaspati is approximately 1 bil-
lion kg/year  [8] .

Table 1. Share of fats and oils to total consumption (i.e., 120 mil-
lion tons) globally in 2005

Type of fat/oil Share

Seed and bean oils
(e.g. soybean, sunflower seed, rapeseed) 33%

Tropical oils and fats
(e.g. palm, coconut, palm kernel) 30%

Olive oil 3%
Margarine and spreads 6%
Butter 6%
Edible tallow 7%
Ghee 3%
Industrial lard 7%
Vanaspati 5%
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  Differences in the habits of people regarding fat and 
oil usage are quite marked. In the Northern hemisphere, 
butter and margarine is widely used, with oils for cooking 
or cold use. Around the Mediterranean, olive oil is the 
main oil used. In the US, cooking with lard and shorten-
ing is fairly common. The Southern hemisphere is char-
acterized by oil as the predominant source of visible fat. 
A large part of that is used as cooking medium. China is 
the world’s biggest producer and user of lard, whereas in 
South-Asia and the Middle-East vanaspati and ghee are 
abundant. Margarine and butter is used habitually in 
many countries, particularly in those with bread-eating 
habits. The use of fish oil is small, especially since par-
tially hydrogenated fish oil is hardly used anymore in de-
veloped countries.

  Basic Technology and Production of Oils, 

Margarines and Cooking Products 

 Oil Production and Refining 
 Nowadays, products like table or cooking oils, marga-

rine and mayonnaise are almost exclusively made from 
vegetable oils which are derived from the seeds and beans 
of plants, such as sunflower, rape, flax and soy, or from 
the flesh or kernels of tree fruits, such as palm, olive and 
coconut. After harvesting, the oil is pressed from the 
seeds and fruits. For some oil seeds, the yield of simple 
pressing is too low to be economically feasible, hence the 
remaining oil is extracted from the press cake with food 
grade organic solvents like hexane. After extraction, the 
hexane is recovered from the oil and the last residues are 
blown off. The oils from fruits like palm and olive are re-
covered by pressing followed by oil-water phase separa-
tion. Kernels are normally dried and pressed although 
coconut meal can also be extracted after pressing to re-
cover the remaining oil.

  The resulting crude oils are usually heavily colored by 
plant materials like chlorophyll and other colorants, and 
during the whole process from harvesting to oil produc-
tion, oxidized byproducts may arise. Furthermore, the 
crude oils contain phospholipids (lecithin) and free fatty 
acids, which may have a strong undesirable taste. Finally, 
pesticides and other undesirable fat-soluble components 
taken up by the oil crop may be present in crude oils. 
Therefore, virtually all edible oils commercially available 
have been refined. Notable exceptions are virgin oils of 
which virgin olive oil is by far the largest in volume.

  The vegetable oil refining process is usually a combina-
tion of washing with water, acid and lye followed by a 

treatment with bleaching clay (a natural mineral) and ac-
tive coal and finally a heat treatment. The basic refining 
process was first applied in the early 1900s. The lecithin 
is removed by washing with water (‘degumming’). A sub-
sequent treatment with bleaching clay removes excessive 
colorants and oxidized oil components. Free fatty acids 
can be removed as soap with lye or alternatively in the fi-
nal heat treatment with steam under vacuum, where the 
remaining free fatty acids and volatiles like off-flavors and 
possible pesticide residues are removed. The resulting oils 
are clear, slightly yellow and bland tasting. These can be 
used as table oils (labeled as sunflower seed oil or rapeseed 
oil for example) and as the main raw material for marga-
rines and mayonnaise [see ref.  9  for an overview].

  Margarine Making 
 The remainder of this part of the paper focuses on mar-

garine. Margarine is a structured water-in-oil emulsion 
with particular properties like spreadability, stability and 
pleasant mouthfeel. Basically, this emulsion consists of 
little water droplets (of a few microns in diameter) dis-
persed in a continuous oil phase. The amount of water in 
the product can range from 20% (original margarine) to 
up to 80%. A fine network of fat crystals prevents that the 
water droplets coalesce or in other words grow together. 
The fat crystals are solidified fat: hence this fat must con-
sist predominantly of fatty acids with a high melting point, 
i.e., SFA or TFA. Without this network, the margarine 
would not be stable and would not have the desired per-
ception in the mouth. So, every margarine needs some 
higher-melting hard fat, hence SFA or TFA, both of which 
we want to minimize for nutritional reasons. Of course 
the liquid oils used also contain some SFA, varying from 
low levels like in rapeseed oil (from 8%) to palm oil olein 
with around 40%. It should be noted again that nowadays 
the majority of quality margarines are virtually trans free. 
More about this will follow later.

  Traditional margarine, like butter, contains 80% fat 
and 20% water  [10] . In the late 1970s, the first ‘light’ 
spreads were developed with only half the fat content, but 
with the same flavor and texture as the traditional prod-
uct. Compared to full-fat margarine, lower-fat versions 
have more and bigger water droplets. To stabilize the wa-
ter droplets, the water is thickened with starch, similar to 
sauces. Nowadays, spreads with even lower fat levels are 
available to fulfill the increasing need for lower-calorie 
versions.

  Apart from oils, fats and water, a few components are 
added to margarine in small to very small amounts. 
Sometimes, milk proteins are added to enhance mouth-
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feel and taste. Citric acid helps to provide a fresh taste. In 
many countries, a preference for salted margarine and 
butter exists, hence salt is added to margarine at 0.3–2%. 
However, in other countries, salt is not added and the 
products are very low in sodium. Emulsifiers are added 
for several purposes. At first, they facilitate the fabrica-
tion of a fine water-in-oil emulsion and secondly, they 
can improve the stability of the product. Thirdly, they 
also help to invert the product into a water-continuous 
emulsion in the mouth, thus influencing the oral sensa-
tion. Lecithin and mono- and diacylglycerols are the 
most commonly applied emulsifiers. Depending on coun-
try-specific legislation, vitamin A and D is added. Vita-
min E is also present in margarine as liquid vegetable oils, 
like sunflower seed oil, are naturally rich in this vitamin. 
In some cases, extra vitamin E (often in the form of to-
copherol acetate) is added to protect the PUFA from oxi-
dation in the human body once consumed. Carotenoids 
give margarine its yellow color, and flavor is added to give 
margarine its taste. Finally, in low-fat spreads, a preserva-
tive like potassium sorbate is often used to prevent micro-
biological spoilage, particularly from molds.

  Margarine making is basically a melting, blending and 
chilling process. Solid fat is melted and mixed with liquid 
vegetable oils. This is blended with the water phase to get 
a mix of water, oil and the added ingredients mentioned 
above. The mix is generally pasteurized and then gradu-
ally chilled by large heat exchangers under constant stir-
ring. The chilling causes the fat to solidify and turn the 
emulsion in a thick but pourable product. This is packed 
in tubs (and then often called soft margarine) or in wrap-
pers (resulting in stick or hard margarines), and in most 
cases stored refrigerated to keep the quality. Margarine is 
usually distributed chilled in most countries, though in 
developing countries, ambient stable products form a 
large part of the products sold.

  Margarines are foods with a careful balance between 
consumer-driven qualities like stability and taste and op-
timal nutritional profile.

  The stability of margarine is largely determined by the 
level of hard or solid fat in the product. This fat has typi-
cally a high melting point of above 40   °   C. If the level of 
this fat is low, the product will usually be soft and easily 
spreadable at refrigerator temperatures (6–10   °   C). This is 
often a differentiating factor compared to butter, which 
is hard straight from the refrigerator. When the marga-
rine warms up at the table or during transportation (20–
30   °   C), consumers want the product to remain stable and 
not fall apart in separate water and oil phases. Hence, a 
higher level of solid fats is required. Finally, the product 

should melt completely in the mouth, which is around 
35   °   C, to prevent a fatty aftertaste. This means practical-
ly all solid fat is molten at 35   °   C. The line describing the 
desired relationship of the solid fat content as a function 
of the temperature in margarines is flat and not too high 
at temperatures from 6–30   °   C and then falling rapidly to 
almost zero. However, just mixing liquid oil with a minor 
amount of solid fat will not provide a homogeneous fat 
blend with a melting behavior approximating the desired 
melting properties. Animal fats such as butter as well as 
palm and coconut oils are solid both at room temperature 
and in the refrigerator. These fats can provide the re-
quired levels of solid material and thus firmness. How-
ever, because of the limited structuring effectiveness of 
their SFA, these fats do not lead to good margarines low 
in SFA. Therefore, technologies to change the melting be-
haviors of fat and oil mixtures have been developed, en-
abling the production of margarines with the following 
desired characteristics: virtually free of TFA, low in SFA 
and high in unsaturated vegetable oils.

  Oil Modification 
 Before 1900, animal fats were used as sources of fat 

with a high content of solids in margarine production. 
This led to a shortage of animal fats since they were also 
the main feedstock for soap making. To extend the sourc-
es of hard fat and to make a wider variability in stable 
hard fats, the hydrogenation process was widely used on 
vegetable oils since the beginning of the last century. In 
the hydrogenation or hardening process, hydrogen reacts 
with oils at high temperatures under anaerobic condi-
tions. With the help of a catalyst, double bonds of the un-
saturated fatty acids, which are almost exclusively in the 
cis-position in vegetable oils and fats, are opened and sat-
urated with hydrogen to form SFA. Simultaneously, part 
of the cis double bonds is transformed to trans double 
bonds, resulting in TFA. These fatty acids have melting 
points much higher than their cis counter parts and to-
gether with the high-melting SFA they can serve as hard 
fat. In nature, a biohydrogenation process occurs in the 
rumen of ruminants: here, cis unsaturated fatty acids are 
also converted into trans unsaturated fatty acids, be it of 
slightly varying distribution and at much lower levels. By 
partial hydrogenation of liquid oils, levels of up to 50% 
TFA were reached. Of the ruminant fats, the most com-
mon one, milk fat, of which butter is made, usually con-
tains 3–5% TFA.

  In the mid 90s, when the scientific community reached 
consensus that TFA was more adverse to health than SFA, 
the development of margarines with low levels of TFA 
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was turned up significantly. Various technologies that 
could provide low or no TFA-containing, solid fats be-
came more attractive and were exploited widely. Three of 
these technologies will be described briefly, as they are 
the core of the current edible fat industry and have made 
a big positive impact on public health  [11] .

  Fractionation 
 This is particularly applied for tropical oils like palm 

oil or palm kernel oil. The hot oil is slowly cooled down 
till part of the oil starts to solidify. The solids are sepa-
rated by filtration to obtain two fractions: a more liquid 
oil fraction (called olein) and a more solid fat fraction 
(called stearin). The solid fraction can be used as solid fat 
in the margarine production, preferentially in combina-
tion with the technique described below as fat rearrange-
ment. The liquid fraction (palmolein) is often used as liq-
uid frying oil or as a liquid oil in the production of mar-
garine.

  Full Hydrogenation 
 If the hydrogenation process is continued until all 

double bonds, including the trans double bonds, are satu-
rated, we call this full hydrogenation. The TFA level of 
such a fully hydrogenated product is very low ( ! 1.5%); 
however, the product is fully saturated and therefore too 
hard for direct use in food products.

  Fat Rearrangement or Interesterification 
 Simply using the solid fat separated from palm and 

coconut oils or fully hydrogenated fat with liquid oils will 
not result in high-quality margarine with a good nutri-
tional profile as this blend does not show the required 
melting properties. Rearrangement or interesterification, 
i.e., redistribution of the fatty acids in the fat molecule, 
changes the melting properties of the fat. This process is 
basically similar to the process taking place in the gut: 
triglycerides are split into di- and monoglycerides and 
free fatty acids. These components are combined again to 
yield triglycerides but now with a different composition. 
For example when a fat consisting mainly of triglycerides 
rich in SFA is mixed with liquid oil with triglycerides rich 
in PUFA, after the rearrangement a mixture results that 
consists of triglycerides with no, one, two or three PUFA 
and three, two, one or no PUFA. This variety of triglyc-
erides has a much better melting behavior than the orig-
inal mixture. Hence, with a modest amount of SFA, a re-
arranged fat can be produced that allows the production 
of TFA-free margarines rich in PUFA and low in SFA of 
excellent quality and stability.

  Rearrangement is either performed at higher tempera-
tures with a catalyst or by enzymic action at 40–70   °   C. 
Rearranged fats have been used for decades in the food 
industry, not only for margarines and cooking fats but 
also in infant formulas.

  These oil modification processes allow improvements 
in the nutritional quality of margarines (reduction in 
SFA, no TFA and high PUFA) beyond that what is pos-
sible with traditional oils and technologies. Hence, as will 
be described later in this paper, they play an important 
role in supplying the growing worldwide demand for 
healthier margarines. 

  Nutritional Characteristics of Oils, Margarines and 

Cooking Products 

 The nutritional quality has always played a role for 
margarines and cooking products. In the past, it has not 
been the main impetus for the edible-fat industry but yet 
over the years the industry increasingly addressed the nu-
tritional needs of consumers. Nowadays, continuous im-
provements are achieved by
  • replacing SFA by unsaturated fat and preferably 

PUFA; 
 • practically eliminating TFA; 
 • ensuring delivery of essential omega–3 and –6 fatty 

acids, the main types of PUFA; 
 • fortification with fat-soluble vitamins A and D; 
 • preserving natural beneficial minor components like 

vitamin E. 
 Dietary recommendations on fat are the basis for these 

improvements, and more and more consumers have been 
taught to look out for products that are TFA free, low in 
SFA and contain omega–3 and –6 essential fatty acids. 
Scientific acceptance that replacing SFA by PUFA de-
creases blood cholesterol levels emerged in the early 
1960s. This was the basis for the medical community re-
questing the industry to market new margarines high in 
PUFA and low in SFA. Becel margarine (derived from 
blood cholesterol lowering, also known as Flora) was the 
first of this generation that was widely available. Later in 
the 1990s when the negative effects of TFA on the blood 
lipid profile were discovered, the margarine industry re-
acted by the near elimination of trans fat. The latest trend 
has been to increase the level of omega–3 and –6 PUFA, 
omega–3 levels ( � -linolenic acid, ALA) in particular.

  Margarine as a substitute for butter is mandatorily for-
tified with vitamins A and D in many countries, and by 
more gentle refining techniques, beneficial components 
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in the oil (e.g. vitamin E) are well preserved. Whereas 
quality margarines could be characterized by having 30–
40% SFA on total fat, 20–30% TFA and only 10–20% 
PUFA in Western Europe in the 1960s, the major shift 
since the early 1990s led to products with 30–40% PUFA 
[often with increased level of omega–3 (ALA)], often less 
than 30% SFA and less than 2% TFA currently. From a 
nutritional point of view, the best margarines are the ones 
rich in PUFA. These can contain up to 50% PUFA on fat, 
of which 10–20% are omega–3, with only 20–25% SFA 
and  ! 1% TFA.

  So undoubtedly, the most striking change for better 
nutrition in the margarine industry that has taken place 
the last decades is the near removal of TFA in the 90s. The 
story of the change is well reported in the paper of Kor-
ver and Katan  [12] . They describe how new scientific 
findings of the impact of TFA on blood lipids and cardio-
vascular disease led to a complete change in attitude in 
the edible-fat industry, led by Unilever, the leader in the 
market. Up to 1990, the scientific belief was that TFAs 
were similar to oleic acid in their cholesterolemic proper-
ties. In 1990, new scientific evidence emerged showing 
that TFAs were as bad as SFAs with respect to their effects 
on blood lipids and hence heart health. This change in 
insight caused major challenges for the industry. Unile-
ver committed in 1994 to develop new margarines with-
out using partial hydrogenation and hence virtually TFA 
free. With high investments driven by a strong commit-
ment, in most regions of the world TFA was nearly elim-
inated from Unilever retail margarines in the late 1990s. 
Meanwhile, accumulating epidemiological and con-
trolled trial evidence led to a consensus that TFAs are, per 
gram, more unfavorable for heart health than SFAs and 
that their consumption should be minimized. This 
strengthening of the evidence against TFAs vindicated 
the earlier decision of Unilever to eliminate this fat from 
retail spreads. It also brought most other European mar-
garine manufacturers on board, and nowadays marga-
rines are usually virtually TFA free. Significant TFA lev-
els can still be encountered in industrial fats for food
service and industrial baking and frying, but retail
margarines usually contain much less TFA than butter.

  Impact of Modern Fat and Oil Products on Diet and 

Health 

 The previous parts demonstrate that improvements 
from a nutritional point of view have been made in high-
fat products like margarine, driven by scientific develop-

ments. In the following, the potential impact of modern 
high-fat products on public health will be discussed. This 
will be done via three examples:
  • Oils, margarines and mayonnaise are nutrient-dense 

sources of essential fats (or omega–3 and –6 PUFA). 
 • Margarine can make a significant contribution to the 

required intake of vitamins A, D and E. 
 • Soft margarines have a relevant impact on the LDL 

cholesterol level and hence on the incidence of coro-
nary heart disease (CHD). 
 It is evident that these examples are not relevant every-

where, and the impact of margarine on long-term health 
and growth and development has not been proven clini-
cally, but the data are strong and the logic clear.

  Margarines, Mayonnaise and Vegetable Oils Are 
Nutrient-Dense Sources of ALA 
 In many societies, the intake of ALA is below the rec-

ommended intake, as is shown by Elmadfa and Korn-
steiner  [13] . In some countries, the gap is modest, but in 
others, the intake is less than half of that recommended. 
Therefore, foods that make a significant contribution to 
that intake, fitting the habits of people and without pro-
viding too many calories, are nutritionally very relevant. 
 Figure 2  shows a number of the most nutrient-dense 
sources of ALA, ranked in order of grams of ALA per 100 
kcal.

  Walnuts appear to be the most energy-dense source, 
but these can hardly be called common foods, consumed 
by many people every day. Mayonnaise, margarines and 
liquid oils like soybean and rapeseed oil are good sources 
and despite their high caloric content, they are more ef-
ficient sources of ALA than vegetables like spinach or 
broccoli. The amount of vegetables one needs to consume 
to get a significant amount of ALA is considerable. Many 
mayonnaises or margarines can provide 15% of the 
Guideline Dietary Amount (2 g/day) per daily serving of 
10–20 g, as recently proposed by the Confederation of the 
Food and Drink Industries in the European Union  [14] .

  The fact that margarine is a nutrient-dense source of 
ALA and also of vitamin D has led the Dutch Nutrition 
Center, a government-funded, independent organization 
providing nutrition advice to the Dutch population, to 
increase the recommendation on margarine intake for 
the Dutch population  [15] . The Dutch, already having one 
of the highest intakes of margarine in the world, still have 
a below-recommended intake of ALA. By increasing the 
intake from 20 g per day to 30–35 g/day, this gap is ex-
pected to be closed.
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  Margarine Can Make a Significant Contribution to 
the Required Intake of Vitamins A, D and E 
 Margarine is fortified with vitamins A and D in many 

countries: in some countries fortification of margarine is 
mandatory, but in other countries not allowed. If fortified, 
margarine can make a significant contribution to the in-
take of these fat-soluble vitamins. The levels of fortifica-
tion are usually around 15–30% of the recommended dai-
ly allowance for those vitamins per daily portion. A good 
illustration of the impact this fortification can make is a 
recent dietary survey in Finland: the National Findiet 
2007 Survey  [16] . In adult males, the group of fat spreads, 
oils, dressings and gravies provided 20–25% to the average 
daily intake of vitamins A, D and E. Particularly relevant 
is the contribution to the vitamin D intake as the average 
intake is lower than recommended in many societies  [17] .

  Soft Margarines Have a Relevant Impact on the
LDL Cholesterol Level and Hence Potentially on
CHD Incidence 
 Undoubtedly, the best investigated effect of fatty acids 

is their effect on blood lipids, particularly on LDL choles-
terol, with LDL cholesterol being a primary risk factor for 
CHD  [18] . The qualification of fats into ‘good’ and ‘bad’ 
is mainly based on their effect on blood cholesterol levels. 
Already in the mid-1950s when Ancel Keys published his 
series of human intervention studies with mixtures of 
various fats, the picture began to emerge that SFA in-

creased total cholesterol, PUFA lowered it and MUFA 
had a neutral effect  [19] . Since then, this picture has been 
sharpened and extended. One of the more recent meta-
analyses of good-quality intervention studies investigat-
ing the effect of fatty acids on blood lipids is the study by 
Mensink et al.  [20] . They reported the effects of fatty acids 
on total cholesterol, the ratios of total/HDL and LDL/
HDL cholesterol and even on triglycerides. TFA was also 
included in the analysis.

  When compared to carbohydrates, the LDL-cholester-
ol-increasing effect of SFA was clear. TFA was even worse 
because it not only increased LDL cholesterol slightly 
more than SFA, it also did not increase HDL cholesterol 
like all other fatty acids did. PUFA was found to lower 
LDL cholesterol. MUFA also lowered LDL cholesterol but 
to a lesser extent. In the study by Mensink et al.  [20] , the 
increase in LDL cholesterol induced by SFA was almost 
twice as big as the decrease in LDL cholesterol by PUFA. 
Therefore, quantitatively, lowering SFA intake has the 
largest effect on LDL cholesterol.

  Mensink et al.  [20]  described the relationship between 
fats and LDL cholesterol in an equation:

  Change in LDL cholesterol (mmol/l) =
(0.032  !   � SFA %E) + (–0.009  !   � MUFA %E) +
(–0.019  !   � PUFA %E) + (0.040  !   � TFA %E),

  where  �  stands for the change in fat intake in percent of 
energy (%E). 
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  Fig. 2.  ALA density for various foods. 
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 This equation, though describing the effect of the fat-
ty acid composition of whole diets on LDL cholesterol, 
can be adapted to predict what the effect of an individual 
fat-containing food product would be. For example one 
can predict the effect the daily consumption of 20 g of 
margarine would have based on the assumption that the 
product is part of a diet providing 2,000 kcal per day and 
that the product/margarine is replacing calories other-
wise consumed from carbohydrates. The resulting effect 
(in mmol/l) can be expressed as percentage lowering of 
LDL cholesterol by using an average LDL cholesterol lev-
el in a population. In all examples in this paper, the pop-
ulation average LDL cholesterol level used is 3.5 mmol/l, 
being representative for Western societies  [21, 22] . The 
results of predictions for the fat-rich products described 
earlier in this paper are given in  figure 3 .

  These predictions are hypothetical, but the results 
nevertheless are similar to those seen in intervention 
studies. For example when comparing the effect of con-
suming butter with that of consuming soft/premium 
margarines, differences of 4–5% in LDL cholesterol are 
often described  [23–25] . This approach shows that prod-
ucts like vanaspati, butter and palm oil are predicted to 
increase cholesterol, whereas margarines rich in PUFA, 
premium mayonnaises and pure rapeseed oil are expect-
ed to lower LDL cholesterol. Replacing 20 g vanaspati and 
butter per day by soft margarine or liquid oils is expected 
to reduce LDL cholesterol on average by around 4–5%.

  For an individual, a reduction in LDL cholesterol of 
4–5% may not seem large, but on a population scale such 
an effect is significant. The relationship between LDL 
cholesterol lowering and a reduction in the CHD risk has 
been quantified in a few large-scale population studies as 
well as intervention studies  [18] . As a conservative assess-
ment, every 1% reduction in LDL cholesterol could lead 
to a 1–2% reduction in the risk of CHD. On this basis, the 
lowering of LDL cholesterol by 4–5% could signify a re-
duction in the CHD risk by around 5%. If one could re-
duce the number of deaths by CHD globally (according 
to the WHO 7.6 million in 2005) by 5%, approximately 
400,000 people less would die of CHD. This reasoning is 
based on major assumptions, but it illustrates the poten-
tial benefit of making relatively small changes in our dai-
ly dietary choices on a global scale.

  Large-scale intervention studies, e.g. the North Kare-
lia Study described by Puska  [26] , have shown that major 
reductions in CHD mortality are achievable by diet and 
lifestyle changes in a population. The significant changes 
seen in blood lipids of the population in North Karelia 
were mostly ascribed to changes in fat consumption  [27] . 

The cholesterol lowering was thought to be responsible to 
a high extent for the striking reduction observed in CHD 
mortality and morbidity  [28] .

  Conclusions 

 Oils and fats, and products made thereof, play an im-
portant role in diets worldwide. The nutritional character-
istics of these products vary widely: whereas some are low 
in ‘bad fats’ and high in ‘good fats’, others are not. Though 
good data on the intake of dietary fats are not available for 
large parts of the world, it is evident that despite healthier 
alternatives, a significant proportion of the fat consumed 
is too high in SFA and low in essential fats (omega–3 and 
–6 PUFA). On a global level, the main sources of SFA are 
fatty dairy products (e.g. butter, ghee, whole milk, cream 
and fatty cheeses), fatty meats, animal fats (e.g. lard), the 
vegetable fats palm, palm kernel and coconut oil and fatty 
snacks (like cakes, pastries and fries). Important sources 
of unsaturated fats are vegetable oils such as soybean, 
rapeseed (canola), sunflower and olive oil, fatty fish, fish 
oil, nuts, seeds and products made from these, e.g. soft 
margarines and mayonnaise, and derived products.

  Over the last decades, the food industry has made sig-
nificant improvements to the nutritional quality of prod-
ucts with a high fat content like margarines and cooking 
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products. This is due to the selection of healthier base 
materials (vegetable oils) in combination with technolo-
gies that enable the production of high-quality products 
with lower SFA and TFA and higher essential fatty acid 
content. Therefore, an easy way for many people to sub-
stantially improve the fat composition of their diets is to 
switch products from animal fats or cooking fats to mod-
ern soft margarines or oils.

  Despite wide differences in dietary habits, modern 
products made from fats and oils are essential for healthy 
diets for children and adults worldwide. This is partly giv-
en by their contribution to the essential fatty acid intake 
(i.e. the essential fatty acids of the omega–3 and –6 fami-
lies) and the vitamin A and D intake, which are not opti-
mal in many societies for optimal growth and develop-
ment of children, partly by an improved balance of ‘bad 

fats’ over ‘good fats’, which can contribute to a decreased 
LDL cholesterol level, which would lead to a reduced inci-
dence and mortality of CHD.

  Unfortunately, many people are not aware of the ben-
efit of switching to these modern soft margarines and 
cooking products. A higher awareness followed by a 
greater motivation to select healthier fat choices is ex-
pected to have a significant positive impact on public 
health.
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 Introduction 

 Research indicates that consumers do not understand 
basic information about dietary fat (e.g. good and bad 
fats) and consumer survey findings suggest the priority 
placed on dietary fat in various nutrition communica-
tions (i.e., low fat or reduction in fats) has contributed to 
misunderstandings about the inclusion of fat in a health-
ful eating plan. Consumers are cutting out more visible 
fats (often rich sources of essential fatty acids), such as 
margarine, mayonnaise and oil-based dressings, and are 
consuming a lot of hidden fats (primarily saturated fatty 
acids), such as high-fat dairy foods, cookies, pastries and 
excess meat. 

  Consumer surveys also show that fat consistently 
ranks at the top of the list of consumer nutrition concerns. 
The Food Marketing Institute’s annual trends survey 
showed in 1996 that 60% of shoppers were more con-
cerned about the fat content of foods than any other nu-
tritional component/issue  [1] . The 2008 Food and Health 
Survey of the International Food Information Council 
found that 70% of those surveyed were concerned with 
the amount of fat they consume, a percentage that is con-
sistent with 2007 at 71% and 2006 at 66%  [2] . A recent 
survey, published in the  Journal of the American Dietetic 
Association  and conducted for the American Heart As-
sociation by Cogent Research, found that 62% of Ameri-
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Healthy diets  �  Population attitudes 

 Abstract 

  Background:  Research indicates that consumers do not un-
derstand dietary fat, either the importance of the quality or 
the quantity of fats needed for health. Previous consumer 
surveys suggest the priority placed on fat in various nutrition 
communications (i.e., low fat or reduction in fats) has con-
tributed to this confusion.  Methods:  This consumer study 
was carried out in 16 countries in two waves, investigating in 
total 6,426 subjects. The survey was conducted by phone, 
internet and face-to-face interviews, depending on the ac-
ceptable method for the population. Participants, aged 18–
70 years, were the main family shopper.  Results:  Knowledge 
about fat is conflicted, including which fats have health ben-
efits; 59% of respondents think fat should be avoided, 65% 
think a low-fat diet is a healthy diet and 38% claim to avoid 
foods containing fat. Respondents were aware of different 
types of fats but did not know which ones were healthier. 
Omegas have the greatest level of recognition but at the 
same time many people do not realize they are fats.  Conclu-

sions:  Around half of consumers do not know whether fats 
are good or bad, meaning they do not know what to eat. 
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cans aged 18–65 years were concerned about the amount 
of fat they consume  [3] . One change in recent surveys is 
an increased recognition of the role of trans fats in overall 
health, but the level of recognition of healthy fats contin-
ues to be low. The Soy Food Association of North Amer-
ica has found similar trends in terms of awareness of trans 
fat with 89% of those surveyed in their 2008 Consumer 
Attitudes about Nutrition Survey viewing trans fats as 
somewhat or very unhealthy  [4] . Clearly, Western popula-
tions of all ages interpret recommendations to reduce di-
etary fat intake to mean the elimination of all higher-fat 
foods, which is likely to be a major obstacle in achieving 
recommended dietary intakes of unsaturated fatty acids.

  This survey was conducted by Millward Brown to de-
termine the degree of consumer knowledge and confu-
sion about nutrition, with emphasis on the role of fats and 
the importance of fat quality, in 16 countries worldwide.

  Methods 

 This study was carried out in 16 countries and was conducted 
in two periods. Details of the study populations can be found in 
 tables 1  and  2 . The first wave was conducted by phone and through 
face-to-face interviews, and took place between November and De-
cember 2007. During the first wave, the goal was to gather topline 
information so questions focused on what types of fats had people 
heard of, could they identify saturated fats, essential fats, the ome-
gas, for example, and did they believe there were good and bad fats. 
The second wave was conducted through the internet and face-to-
face questions during the months of August and September of 
2008. The questions during this wave sought more information 
about fats by asking questions related to overall nutrition, role of 
fats, what foods are needed for health and what foods provide these 
types of fats. The two waves consisted of 160 different questions.

  Study subjects were the families’ main shoppers, defined as 
those who for more than half of the time personally buy items for 
their households. Sample size was approximately 200 subjects
per country per wave for a total of just over 6,400 main shoppers 
surveyed. The samples set quotas by ages in order to reflect the 
overall population but ranged from 18 to 70 years of age. Gender 

Table 1. Characteristics of the study population: wave 1, studied between November and December 2007

B CZ Ger Gre Fr NL PL Sp Swe UK EU USA Dev Bra Ind Mex TK SA Emer All

Total, n: 200 200 200 202 200 200 202 200 200 200 2,004 200 2,204 200 200 200 210 200 1,010 3,214
Survey method: P P+C P P+C P P P+C P P P P+C P+C F2F F2F F2F F2F

Chief shopper; personally buys items from supermarkets and shops for household, %
Almost all the time 82 75 62 68 79 90 83 89 72 75 76 82 79 67 54 66 69 73 63 71
Half/more than half the time 18 25 38 32 20 10 17 11 28 26 24 19 21 34 46 34 31 27 37 29
Less than half the time 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Age, %
18–34 years 15 21 19 37 19 15 14 15 23 26 20 12 16 35 47 52 31 51 43 29
35–54 years 52 38 49 38 52 45 51 60 47 49 50 53 51 46 39 37 57 30 42 46
55+ years 31 41 33 25 27 41 35 23 28 27 30 37 33 21 13 10 11 21 15 24

Sex, %
 Female  75 84 74 80 75 74 86 80 67 74 77 78 77 50 92 52 82 99 73 75

 Marital status, % 
Married or living with partner 75 68 70 68 67 71 75 75 61 54 68 70 68 58 72 60 87 41 65 67
Single1 25 33 31 32 33 29 25 25 39 45 32 30 31 42 28 39 13 59 35 33

Paid work, %
≥30 h/week 43 49 42 41 54 29 39 54 64 52 47 54 50 36 13 31 13 37 25 38

8–29 h/week 18 5 13 7 9 32 11 8 12 16 13 7 10 15 11 16 6 17 13 11
<8 h/week 35 42 44 36 37 36 43 37 23 30 38 37 37 49 75 33 80 46 59 48

Children living in household in any of these age groups, %
0–5 years 34 37 34 52 41 32 35 38 38 39 37 34 35 52 54 58 29 97 55 48
6–10 years 41 48 34 62 48 36 45 52 42 44 44 39 42 64 49 50 42 97 54 50

11–16 years 56 52 84 90 85 82 56 72 77 73 74 81 77 89 52 39 60 48 54 61
17–18 years 32 46 25 27 27 12 14 12 15 22 22 23 22 16 47 17 22 51 31 26

B = Belgium; CZ = Czech Republic; Ger = Germany; Fr = France; NL = The Netherlands; PL = Poland; Sp = Spain; Swe = Sweden; UK = United King-
dom; EU = Europe; USA = United States of America; Dev = average of developed countries; Bra = Brazil; Ind = Indonesia; Mex = Mexico; TK = Turkey; 
SA = South Africa; Emer = average of emerging countries; P = interview by phone; P+C = interview by phone; computer aided; F2F = face-to-face inter-
view. 

1 Includes divorced, separated and widowed.
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quotas did not reflect the gender distributions of the various 
countries since chief shoppers are predominantly females. The 
male/female distribution ranged from a low of 14% males to 100% 
females in the first wave and from 25% males to 75% females in 
the second wave. The gender ranges were also different within 
countries from wave 1 to wave 2.

  The interview method was based on techniques most familiar 
to the country with face-to-face interviewing more often used in 
emerging countries and telephone or internet in developed coun-
tries. Data analysis was weighted to reflect population size of the 
countries surveyed so that when comparing countries, the num-
bers reflected the differences in country size ( table 3 ). In addition, 
data were presented on the basis of global averages but were also 
clustered to allow comparison amongst developed and emerging 
countries. 

  Topic areas included the role of fat in the diet, clarity of mes-
sages about fat, health benefits of fat both in terms of quantity and 
quality, knowledge of types of fats including trans fats, saturated 
fats, omega–3 and omega–6, and other unsaturated fats, food 
sources of all types of fats and the connection of fat to body 
weight.

  Results 

 Contradictory Information 
 When consumers in wave 2 (n = 3,212) were surveyed 

about the information provided by governments, experts, 
food companies and the media related to fats and their 
role in a healthful diet, the global average indicated that 
57% of consumers were confused, and 64% reported that 
they felt information provided was contradictory. In 
comparing responses from developed versus emerging 
countries, the levels of confusion are high in both but the 
developed countries do show a lower level of confusion 
with 51% on average indicating confusion. The role of fats 
in a healthful eating plan is a message that generates 
much confusion in emerging countries with 63% of re-
spondents indicating that they felt information about fats 
was contradictory. When looking at individual countries, 
the level of confusion ranges from 43% in Germany to 

Table 2. Characteristics of the study population: wave 2, studied between August 2008 and September 2008

B CZ Ger Gre Fr NL PL Sp Swe UK EU USA Dev Bra Ind Mex TK SA Emer All

Total, n: 200 200 200 201 200 200 200 200 200 200 2,001 200 2,201 200 200 203 200 208 1,011 3,212
Survey method: I I I I I I I I I I I I F2F F2F F2F F2F

Chief shopper; personally buys items from supermarkets and shops for household, %
Almost all the time 77 73 85 76 80 82 74 79 70 80 80 82 81 81 56 53 54 59 63 72
Half/more than half the time 24 27 15 24 20 19 26 21 30 21 20 18 19 20 44 46 46 41 37 28
Less than half the time 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Age, %
18–34 years 34 35 27 41 34 31 39 28 32 33 32 39 35 46 48 38 25 31 42 39
35–54 years 44 38 44 43 42 44 42 43 40 40 42 41 42 35 40 39 45 58 41 41
55+ years 23 27 29 16 24 25 20 28 28 27 26 20 23 19 12 22 30 11 17 20

Sex, %
Female 70 70 75 69 65 70 60 75 70 67 69 59 64 74 75 49 60 75 69 67

Marital status, %
Married or living with partner 67 57 66 54 71 68 46 73 64 64 64 56 60 60 78 69 49 84 70 65
Single1 32 43 34 39 28 32 53 27 36 36 35 45 39 40 23 31 52 16 30 35

Paid work, %
≥30 h/week 35 62 48 75 66 44 61 69 57 44 56 56 56 69 24 32 44 25 40 48

8–29 h/week 14 13 18 12 8 25 13 9 11 17 14 11 12 12 12 17 14 2 12 12
<8 h/week 51 25 35 13 26 31 27 23 33 40 31 34 32 19 65 51 43 73 48 40

Children living in household in any of these age groups, %
0–4 years 14 19 14 14 16 14 9 12 16 20 14 24 19 23 54 28 19 16 34 26
5–9 years 17 12 18 11 20 16 10 12 18 12 15 18 16 18 43 34 27 17 30 23

10–12 years 12 5 6 4 9 7 7 7 5 9 7 8 8 10 27 16 26 16 19 13
13–15 years 11 10 10 4 6 5 9 13 14 7 9 9 9 10 23 13 25 14 17 13
16–17 years 5 12 7 7 11 7 8 8 9 3 7 6 6 5 17 12 18 10 12 9

B = Belgium; CZ = Czech Republic; Ger = Germany; Fr = France; NL = The Netherlands; PL = Poland; Sp = Spain; Swe = Sweden; UK = United King-
dom; EU = Europe; USA = United States of America; Dev = average of developed countries; Bra = Brazil; Ind = Indonesia; Mex = Mexico; TK = Turkey; 
SA = South Africa; Emer = average of emerging countries; I = internet; F2F = face-to-face interview. 

1 Includes divorced, separated and widowed.
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59% in Greece but in emerging countries the degree of 
confusion about fat is higher, ranging from 61% in Brazil 
to 73% in Turkey ( table 4 ).

  Role of Fat 
 Confusion about fat messaging is certainly evident 

but an additional concern is that on average 52% of those 
surveyed in wave 2 (n = 3,212) do not know which fats 
have health benefits. The question also reflected the dif-
ferences in awareness among developed and emerging 
countries. A smaller percentage, 45%, in developed coun-
tries indicated lack of knowledge, but 58% of those in 
emerging countries expressed lack of knowledge about 
the health benefits of fats. One of the main areas of con-
fusion seems to be related to whether fats belong in a 
healthful eating plan. The question posed to those sur-
veyed in wave 2 was whether they agree or disagree that 
a low-fat diet is a healthful diet. The global average indi-
cated that 65% of those questioned agree that low fat is 
healthy but 38% of those questioned claim to avoid fat. A 
follow-up question about what percentage of daily calo-
ries consumed were from fat showed that only 1 in 5 
(22%) indicated that 15–30% of daily calories need to 
come from fat. In addition, 60% reported that less than 
14% of daily calories were the appropriate level for fat in-
take. 

Table 3. Overview of weight factors: global average and cluster averages have been weighted according to popu-
lation size

Global average Weight 
factor, %

Cluster of 
developed countries

Weight 
factor, %

Cluster of emerg-
ing countries

Weight 
factor, %

Belgium
Brazil
Czech Republic

0.82
14.38

0.80

Belgium
Czech Republic
France

1.63
1.59
9.80

Brazil
Indonesia
Mexico

28.95
36.04
16.58

France
Germany
Greece

4.93
6.36
0.86

Germany
Greece
The Netherlands

12.63
1.71
2.52

South Africa
Turkey

7.45
10.98

Indonesia
Mexico
The Netherlands

17.91
8.24
1.27

Poland
Spain
Sweden

5.86
6.95
1.41

Poland
South Africa
Spain

2.95
3.70
3.49

United Kingdom
USA

9.31
46.60

Sweden
Turkey
United Kingdom
USA

0.71
5.46
4.68

23.44

Table 4. Percentage of people, surveyed in wave 2 (n = 3,212), 
agreeing with certain statements (percentages are separated for 
global average, for the clusters and for each country)

Agreement with statements, %

Contradictory
information
leaves me con-
fused about fats

Government, experts, 
food companies and 
media give contradic-
tory messages about fats

Global average 
Developed average 
Emerging average 

57
51
63

64
64
64

Greece 
United Kingdom 
Czech Republic 
Belgium

59
57
54
54

63
63
45
52

United States 
Spain 
Sweden 
France

53
51
50
48

69
64
63
56

Poland 
The Netherlands 
Germany 

46
44
43

61
51
63

Turkey 
South Africa 
Indonesia 
Mexico 
Brazil 

73
70
62
62
61

78
64
60
61
67
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  When delving deeper into what people consider im-
portant in their eating plans, the responses from devel-
oped and emerging countries followed a similar pattern. 
Vitamins are mentioned as the main thing in food that 
people need for health followed by protein, fiber, miner-
als, carbohydrates, salt and then fat. The global average 
indicated that while 95% of respondents knew that vita-
mins were needed for a healthy diet, only 41% indicated 
fat was needed.

  Types of Fat 
 While people are confused about the role of fat in a 

healthful eating plan, when it comes to recognizing dif-
ferent types of fats, the level of awareness shifted. In 
wave 1 (n = 3,214), omega–3 fatty acids had the best lev-
el of recognition, with 80% of consumers globally indi-
cating they had heard of them, followed by saturated fats 
at 71%. This question, however, again pointed out the 
difference between developed and emerging countries 
in terms of awareness of the types of fats. In developed 
countries, 65–89% of those surveyed indicated familiar-
ity with the different types of fats, but in emerging coun-
tries the highest level of recognition was for omega–3 
fatty acids at 74%. After that, the level of recognition 
dropped to a range of 26% for trans fats to 53% for satu-
rated fats. 

  Recognition of the types of fats is a first step in choos-
ing healthier fats; the next step is knowing which fats are 
better choices. Wave 1 ( table 5 ) showed that beyond ome-
ga–3 and saturated fat, around half of those surveyed in-
dicated they did not know which fats were better choices, 
with emerging countries showing larger percentages of 

‘don’t knows’. Recognition of whether saturated and un-
saturated fats were good or bad varied by country, and 
developed countries once again showed higher levels of 
recognition than emerging countries. When asked to 
identify if saturated fats were good or bad, the global av-
erage found that 48% indicated saturated fats were bad 
but 67% of those in developed countries reported satu-
rated fats were bad versus only 30% of those in emerging 
countries. Just as significant was the fact that 54% of 
those in emerging countries did not know whether they 
were good or bad. Responses for polyunsaturated fats 
showed a wider variation from developed countries to 
emerging countries with 40% of those in developed coun-
tries knowing they are good and only 10% in emerging 
countries, for a global average of 25%.

  When asked whether essential fats are good or bad, 
the global average percentage in wave 1 indicated that 
50% of those surveyed did not know. In developed coun-
tries only 24% did not know, but 76% of those in emerg-
ing countries did not know ( table 5 ). In developed coun-
tries, the range of ‘don’t knows’ for essential fats varied 
from 10% in the US to 61% in the Czech Republic. On a 
global level, 77% of those questioned in wave 1 knew 
that omega–3 fatty acids are good for them. Emerging 
countries did not have as high a level of awareness, but 
almost two thirds (63%) of those surveyed in emerging 
countries knew they were good food choices ( table 5 ). At 
the same time, the global average percentage knowing 
that omega–6 fat is good was only 46%. While respon-
dents in wave 1 knew omega–3 fatty acids were good 
choices, just over 50% of those surveyed in wave 2 knew 
that omega–3 and omega–6 were fats. Once again the 

Table 5. Percentage of people, surveyed in wave 1 (n = 3,214), who think that certain types of fat are generally 
bad, neither bad or good, or good for their health (results presented for cluster of developing and emerging 
countries)

Type of fat Developing average Emerging average

bad neither bad 
or good

good do not 
know

bad neither bad
or good

good do not 
know

Omega–3 3 3 77 17 2 4 63 31
Omega–6 6 4 53 37 2 2 38 57
Essential fat 15 5 56 24 5 4 16 76
Monounsaturated fat 26 6 33 34 9 5 9 76
Polyunsaturated fat 28 7 40 25 12 7 10 72
Trans fat 49 4 7 40 13 3 5 79
Saturated fat 67 6 9 17 30 7 10 54
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trend of emerging countries falling behind the devel-
oped countries in terms of knowledge held true with 
only 46% of respondents in emerging countries recog-
nizing omega–3 and –6 as fats versus 61% in developed 
countries.

  Fat in the Diet 
 In wave 2, respondents were also asked to identify 

sources of fats. Those surveyed were provided a list of 
foods and asked to identify those they felt were among the 
main providers of fat. As main sources of essential fats, 
respondents indicated olive oil and salmon in both the 
developed and emerging countries. After the first two 
foods, there were variations in the ranking of the foods 
( table 6 ). 

  Assessing the level of understanding about fat was
the basis of two questions. In wave 2, the topic was ap-
proached from the angle ‘what can fat do to the body?’. 
The question provided a list of positive functions of fat 
along with a list of negative associations including weight 
gain, clogging of arteries, raising cholesterol and cause 
of cancer. Since respondents could indicate positive and 
negative responses, the percentages do not add up to 100. 
Lumping all negative connections together for the global 
study population resulted in a 94% indication of a con-
nection between fat and these negative outcomes. Satu-
rated fats had a 72% association with negative factors, 
essential fats had a 15% connection to negative factors 
and omega–3 and –6 had a 7% association. When it 
comes to the positive associations, which ranged from 
‘helps cell growth’ to ‘keeps skin healthy’, omega–3 and 
–6 had a 79% association and fat had only a 45% associa-
tion. In wave 1, understanding was assessed by asking 
respondents which fatty food was better for them. The 
outcome showed that more than 50% believe butter is 
better for health than margarine. In addition, the re-
sponses from the developed and emerging countries 
were almost identical with 51% of those in developed 
countries and 56% of those in emerging countries re-
sponding positively. Finally, in wave 2, respondents were 
asked to what extent they agreed or disagreed with cer-
tain statements. In response to a question related to in-
terpretation of food and nutrition messages those sur-
veyed were asked: ‘Given all of the information about 
food I no longer know what to eat and what to avoid’ and 
the response was consistent in the developed and emerg-
ing countries with 43% of those in developed countries 
and 45% of those in emerging countries agreeing with 
this statement. 

  Discussion 

 This study, similar to many others, supports the level 
of confusion that consumers have related to healthy eat-
ing and in particular fats. Outcomes of this study are sim-
ilar to those of other organizations. The Soyfoods Asso-
ciation found in their 2008 Consumer Attitudes Study 
that 52% of consumers felt that information about health 
and nutrition is confusing  [5] .

  Ascertaining the level of understanding of fat, both in 
terms of quality and quantity in the diet, is a complicated 
issue, so development of the survey questions was chal-
lenging, especially given that the goal was to have ques-
tions easily understood by the consumer. Another factor 
that complicates the outcomes of the survey is the variety 
of methods used for data gathering. Using the method 
appropriate for different countries ensures better data but 
comparing data from the internet, face-to-face and phone 
interviews can be viewed as less scientific than desired. 
Another limiting factor of the study is that Asia is some-
what underrepresented given its large population. 

  The number of people surveyed makes this study one 
of the largest (if not the largest) global studies published 

Table 6. Percentage of responses of the surveyed population in 
wave 2 on the question ‘Do you know where to find essential 
fats?’1

Type of food All respondents
in wave 2
(n = 3,212)

Developed
average 
(n = 2,201)

Emerging 
average 
(n = 1,011)

Olive oil 32 33 31
Salmon 31 31 31
Avocados 29 26 32
Walnuts 28 29 28
Sunflower oil 24 24 23
Seeds 24 22 27
Sardines 24 23 25
Soybean oil 22 25 20
Rapeseed oil 20 19 21
Cheese 16 12 20
Butter 11 10 13
Margarine 9 7 11
Chicken with skin 8 9 7
Chocolate 8 5 12
Mayonnaise 7 6 9
Biscuit 6 4 8
Bacon 5 6 4
Cakes/pastries 5 4 7

1 Respondents were asked to indicate all foods in the list which 
they thought would apply.
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on the topic of fat, making the information gained a good 
indicator of population attitudes, knowledge and behav-
iors associated with fat choices and consumption. The 
results provide a current perspective on attitudes since 
the survey was conducted within the last year and the 
most recent wave within the last 6 months. The global 
perspective of this survey also gives a broader picture of 
the overriding confusion related to fat. While the study 
shows differences for developed and emerging countries, 
the consensus is that most people do not understand the 
role of fats, what types of fats are healthier and how much 
fat is needed for health. In addition, the survey tool was 
designed to ensure that fats were viewed in the context of 
an overall eating plan so that respondents would not view 
fat as carrying more nutritional value or as a nutrient to 
avoid. To ensure accuracy of answers, questions were 
worded in ways that consumers would understand, so 
scientific terminology was avoided. Putting the questions 
into consumer friendly language further ensures that an-
swers are an accurate reflection of knowledge and atti-
tudes.

  Finally, while varying data gathering techniques might 
be viewed as unfair for comparison of outcomes, tailoring 
the methods to the countries ensures better responses. 
Gathering information about food knowledge and prefer-
ences is a process that requires openness and comfort that 
the information provided will not be judged as good or 
bad. Utilizing face-to-face interviews, the internet or 
phone interviews ensured a broader sample from all of 
the countries. In countries where the internet was used, 
participants were chosen very carefully to ensure that 
those included were not there due to self-selection. 

  It is clear that people feel there is a lot of contradictory 
information about fats resulting in confusion about which 
fats are acceptable, especially when it comes to health 
benefits. Less than two thirds of those surveyed have 
heard of many of the different types of fats and one half 
of those questioned does not know whether a fat is good 
for them or not. This level of confusion generally results 
in consumers sticking with food choices they are com-
fortable with, even if they are not sure if those choices are 
healthful. Recognition of the types of fats is a first step in 
choosing healthier fats, the next step is knowing which 
fats are better choices, and the survey found that beyond 
omega–3 and saturated fat around half of those surveyed 
indicated they did not know which fats were better choic-
es. In agreement with the Food and Health Survey of the 
International Food Information Council  [2] , when con-
sumers find nutrition and health information confusing 
rather than trying to sort out the information, they con-

tinue using the foods they currently enjoy, no matter 
what the health implications. Another survey also found 
the same level of confusion about fat. The Soyfoods As-
sociation of North America surveyed Americans about 
their knowledge and attitudes towards fat and found that 
36% of those surveyed felt saturated fats were healthier 
than trans fats and only 17% thought trans fats were bet-
ter. That survey found that 66% of those questioned felt 
omega–3 fatty acids were somewhat or very healthy. The 
next closest fat was polyunsaturated fats at 29%  [5] .

  As noted earlier, the current survey found that aware-
ness of omegas was high but when asked to identify what 
omegas were, only one third of those surveyed knew they 
were essential fats and about one half did not realize they 
were fats at all. The implication of this outcome is that 
consumers are hearing some terms related to fat but the 
information being presented does not convey a usable 
message nor does it convey a complete message. The im-
pact of this is failure to consume appropriate amounts of 
healthful fats on a regular basis.

  One of the biggest outcomes of the survey was the 
large number of people who had a negative association 
with fat. More than 90% of those surveyed associated 
something negative with fat. This response is similar to 
responses in surveys conducted by other studies. The 
2008 Food and Health Survey of the International Food 
Information Council Foundation found that the per-
ceived healthfulness of fat ranged from a high of 37% for 
unsaturated fats to 4% for saturated fats  [2] . Failure to 
connect fat in a positive way with overall health is likely 
an outcome of messages that have focused on fat and 
weight, and fat and heart disease. This survey would seem 
to indicate that those messages carried an all-or-none 
message and not a message about the proper types or 
amounts of fats. 

  While most people associated all fats with negative 
health implications, 72% of those surveyed did associate 
negative implications with saturated fats. This inability 
to associate fat with positive health benefits, and to view 
it as a nutrient to avoid, has an impact on what fats people 
choose, how much fat they are willing to consume and 
potentially on their nutritional intake, a fact supported 
by the number of individuals who responded that butter 
was healthier than margarine. Given the saturated fat 
content of butter, the identified failure to understand the 
difference between butter and margarine and how reduc-
tion of butter intake can impact overall health is a mes-
sage for better public health campaigns about fats and 
their role in health.
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  For health professionals, the lack of knowledge about 
fat is a concern but how that lack of knowledge impacts 
purchasing and usage habits is a much bigger public 
health issue. The fact that consumers cannot recognize 
foods like cheese, chocolate, bacon, pastries and many 
other foods as contributors of fat in the diet is a very basic 
indication that education about healthful eating is lack-
ing. Not only are consumers failing to make the right fat 
choices to consume the healthier fats, they are also poten-
tially including foods that are high sources of fat, and in 
many cases saturated fat, without thinking about the im-
pact on the overall diet.

  Health care providers need to educate themselves so 
they can help consumers learn about fat, its role in a 
healthful eating plan, what types of fat to consume and 
how much is appropriate. If health care providers are not 
able to help consumers make changes in their knowledge 
about and consumption of healthful fats, they need to 

collaborate with nutrition professionals who can provide 
these services. Dietary guidelines worldwide focus on the 
inclusion of fat, identification of the types of fats needed 
for health and the types of fats that should be limited in 
order to maintain a healthy cardiovascular system. From 
the outcomes of this survey it appears consumers do not 
understand the guidelines about fat, and helping them 
learn more will promote their health, reduce disease risks 
and improve global health.
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levels. It has led to a 80% reduction in annual CVD mortality 
rates among the working aged population, to a major in-
crease in life expectancy and to major improvements in 
functional capacity and health. Studies have shown that the 
reduction in blood cholesterol levels, explained by the tar-
get dietary changes, have had the greatest impact on these 
very favorable health changes.  Conclusion:  The Finnish ex-
perience shows both the feasibility and great potential of 
CVD prevention and heart health promotion through gen-
eral dietary changes in the population. 

 Copyright © 2009 S. Karger AG, Basel 

 Introduction 

 Global public health is under rapid change: chronic 
noncommunicable diseases have become the leading 
cause of death in the world and are responsible for some 
60% of the deaths in the world. About half of that is due 
to cardiovascular diseases (CVDs;  fig. 1 )  [1] . CVD is thus 
the main cause of mortality in the world, being respon-
sible for every 3rd death. The problem is rapidly growing 
in the low- and middle-income countries.

  This global public health transition is very much a 
consequence of changes in lifestyles – i.e., in dietary hab-
its, physical activity and smoking. The particular reasons 
for these changes are urbanization, changes in occupa-
tions, the aging of populations and many global influ-

 Key Words 

 Cardiovascular disease  �  Dietary interventions  �  Fat  �  
Finland  �  Community-based intervention 

 Abstract 

  Background/Methods:  The exceptionally high mortality 
from cardiovascular disease (CVD) in the Finnish population 
in the 1970s ensued the initiation of preventive health inter-
ventions, which were first started in the Province of North 
Karelia and later on extended to all other regions of Finland. 
Their aim was to change population diets, especially with 
respect to the quality of fat: to reduce saturated and increase 
unsaturated fat intake. In addition, emphasis was placed on 
increased vegetable intake and salt reduction. The aim of 
this paper was to illustrate the effect of combined efforts of 
several stakeholders on CVD. This comprehensive action in 
Finland has involved health education programs, preventive 
measures in health services, actions at schools, broad col-
laboration with non-governmental and private sector orga-
nizations, government policies, population-based monitor-
ing and evaluation, and international collaboration.  Results: 

 The combined efforts of all stakeholders have greatly helped 
people to reduce the intake of saturated fat and to replace 
this with unsaturated fat. This has been associated with an 
improved quality of the dietary fat (e.g. in 1972, over 90% of 
the population used butter on their bread compared to  ! 5% 
at present) and a remarkable reduction in blood cholesterol 
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ences. The risks are increasingly accumulating in lower 
socioeconomic groups of the population – adding greatly 
to the inequalities of health.

  The large international study published in the World 
Heart Report 2002 shows how a few risk factors are re-
sponsible for much of the global mortality  [2]  ( fig. 2 ). 
Typical for these most important global risk factors is 
that they are closely linked with some lifestyles: seven of 
the nine top determinants of mortality in the world relate 
to how we eat, drink, move and smoke. Thus, diet and 
physical activity, together with tobacco and alcohol, are 
key determinants of contemporary public health.

  Since CVD is a leading cause of mortality, the causes 
of CVD are of utmost concern. The main causal risk fac-
tors for atherosclerotic CVD have been convincingly re-
vealed decades ago. They relate much to the above-men-
tioned lifestyles. The role of diet, particularly the quality 
of fat and salt affecting blood LDL cholesterol and blood 
pressure, has become more and more obvious  [2] .

  Thus, there is a firm basis for the prevention of CVD 
and many other noncommunicable diseases through re-
ducing these risk factors – i.e., changing the related life-
styles. Concerning the prevention strategy, it should be 
emphasized that although changing the diet and other 
risk-related lifestyle factors among high-risk persons
can bring great benefit to those individuals, population-
based prevention through influencing the population’s 
diet and other lifestyle factors is by far the most cost-ef-
fective and sustainable way for a reduction in CVD rates 
and promotion of heart health in the population.

  North Karelia (Finland) 

 Finland was faced with exceptionally high mortality 
rates of CVD in the 1970s. Growing attention to this seri-
ous situation led to the initiation of preventive measures. 
The program, which was first launched in the Province of 
North Karelia and later was extended to all regions of Fin-
land, concentrated heavily on changing the population’s 
diet, especially with respect to the quality of the fat con-
sumed: a reduction in saturated and an increase in un-
saturated fat intake. In addition, emphasis was placed on 
an increased vegetable and a reduction in salt intake  [3] .

  This comprehensive action in Finland has involved 
health education programs, preventive measures in 
health services, actions at schools, broad collaboration 
with non-governmental and private sector organizations, 
government policies, population-based monitoring and 
evaluation, and international collaboration. Collabora-
tion with the food industry has greatly helped people to 
reduce the intake of saturated fat and to increase that of 
unsaturated fat (mainly from vegetable origin). A heart 
symbol is broadly used to label foods that are healthy 
choices in their category. The demonstration in North 
Karelia was heavily used in the national work.

  The work in Finland has led to significant improve-
ments in the quality of dietary fat (e.g. in 1972, over 90% 
of the population used butter on their bread compared to 
 ! 5% at present), and to a reduction in blood pressure levels 
and smoking among men. The national butter consump-
tion per capita has reduced from some 18 kg in 1965 to less 
than 3 kg in 2005  [4]  ( fig. 3 ). Use of vegetable oil (mainly 
rapeseed oil) for cooking has increased from close to 0% 
in 1970 to some 50%. Fruit and vegetable consumption has 
greatly increased and salt intake reduced. With these ma-
jor dietary changes, the total fat consumption (as a per-
centage of energy) has reduced from close to 40% to a little 
over 30%, with major reductions in saturated fat and some 
increase in polyunsaturated fat intake  [5–9]  ( fig. 4 ).

  The dietary changes have also caused a remarkable re-
duction in blood cholesterol levels ( fig. 5 ), with a subse-
quent reduction in blood pressure levels and smoking 
among men. A 80% reduction in the annual CVD mor-
tality rates among the working aged population has been 
reported for all Finland (85% in North Karelia;  fig. 6 ). 
Some 10-year increase in life expectancy and a major im-
provement in functional capacity and health have also 
been observed. Studies have shown that the reduction in 
blood cholesterol levels, explained by the target dietary 
changes, have had the greatest impact on these very fa-
vorable health changes ( fig. 7 ).
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  Fig. 1.  Estimated global deaths by cause, all ages, 2005  [1] . 
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  The theory and practice of the work in North Karelia 
and Finland as well as the results are presented in a recent 
summary report  [10] .

  Discussion 

 The experiences and results from the North Karelia 
Project and Finland strongly support the principles of the 
WHO Global Strategy on Diet, Physical Activity and 
Health and to its scientific background document – the 

Expert Group Report on ‘Nutrition and Prevention of 
Chronic Diseases’ of the WHO/Food and Agriculture 
Organization of the United Nations  [11, 12] . The compre-
hensive community-based intervention in North Karelia 
and the consequent national application of the principles 
and of its demonstration effect have led to a remarkable 
reduction in CVD mortality and therefore improved the 
public health of the nation.

  The intervention in the North Karelia Project was 
based on a population approach, i.e., on changing the di-
etary habits of the whole population through broad ac-

0 1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000

Occupational risk factors for injury

Vitamin A deficiency

Urban air pollution

Indoor smoke from solid fuels

Alcohol

 High body mass index

Unsafe sex

Cholesterol

Blood pressure

Tobacco

Underweight

Fruit and vegetable intake

Physical inactivity

Unsafe water, sanitation and hygiene

Iron deficiency

Zinc deficiency

Unsafe health care injections

Number of deaths (×103)

0
2
4

6
8

10
12
14

16
18
20

1955 1965 1975 1985 1995 2005

C
on

su
m

p
ti

on
 (k

g
 p

er
 c

ap
it

a)

0

10

20

30

40
%E

1982 1987 1992 1997 2002 2007

Total fat (~30%E)
SFA (~10%E)

MUFA (10–15%E)
PUFA (5–10%E)

Type of fat (recommendation)

  Fig. 2.  Deaths in 2000 attributable to se-
lected leading risk factors in the world 
 [2] . 

  Fig. 3.  Butter consumption per capita in Finland  [4] . 
  Fig. 4.  Total fat intake, and intake of saturated (SFA), monoun-
saturated (MUFA) and polyunsaturated (PUFA) fatty acids in 
Finland from 1982 to 2007  [5–9] . %E = % of energy. 
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tions in the community. Thus, the target was to change 
the community as a social and physical organization, 
since people’s dietary habits and other lifestyles are deep-
ly enrooted in and determined by the environment. Ob-
viously, within this work, the local health services also 

assessed risk factors (like blood cholesterol) and identi-
fied persons at high risk to take steps to reduce their risk. 
The high-risk approach and the population approach 
support each other, but both theoretical considerations 
and practical experience show that the population ap-
proach applied in Finland is by far the most cost-effective 
way to influence CVD mortality rates and to promote 
public health.

  The most important component of the successful ac-
tion in Finland is often asked for. There is no ‘magic bul-
let’. Comprehensive action is needed, using a correct and 
relevant theoretical frame leading to a practical, flexible 
intervention. Regarding theory, both correct epidemio-
logical/medical and behavioral/social frameworks are 
needed. The former means that we must target the stron-
gest risk factors and risk-related behaviors (in North 
Karelia blood cholesterol and the quality of fat). The latter 
means that in changing behaviors/lifestyles, relevant 
frameworks must be observed (in North Karelia aspects 
of persuasion, teaching practical skills, and providing so-
cial and environmental support).

  At the same time it is important to notice that a correct 
theory alone is not enough. There must be enough practi-
cal work for the implementation, i.e., the intervention 
must reach people in many ways in their everyday living 
conditions. One could argue that currently there are 
plenty of good strategies and program plans, but the im-
plementation is weak. Thus the ‘implementation gap’ is 
one of the main challenges ( fig. 8 ).
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  Fig. 5.  Serum cholesterol in men aged 30–59 years.   

  Fig. 6.  Mortality rate per 100,000 population (age standardized to 
the European population).    

  Fig. 7.  Observed and predicted declines in coronary mortality in 
males in Eastern Finland.   
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  Briefly, the main elements of the Finnish action (from 
North Karelia to national actions) can be listed as fol-
lows:
  – research (domestic and international collaboration) 
 – health services (especially primary health care) 
 – North Karelia Project and other demonstration pro-

grams 
 – health promotion programs (coalitions, non-govern-

mental organizations, collaboration with the media) 
 – schools, educational institutions 
 – industry, private sector collaboration 
 – policy decisions, intersectoral collaboration, legisla-

tion 
 – monitoring systems: health behaviors, risk factors, nu-

trition, diseases, mortality 
 – international collaboration. 

 All these have contributed to the success in an inter-
related way.

  It has also often been asked, what the main factors be-
hind the success in North Karelia are. The following list 
provides some suggestions of the project team:
  – appropriate epidemiological and behavioral frame-

work 
 – restricted, well-defined targets 
 – good monitoring of immediate targets (behaviors, 

processes) 
 – flexible intervention 
 – emphasis on changing environment and social 

norms 
 – working closely with the community 
 – positive feedback, work with media 

 – international collaboration, WHO support  
 – close interaction with the national health policy/inte-

gration with the National Public Health Institute 
 – long-term, dedicated leadership. 

 Based on the experiences and results of the work in 
Finland, presented here briefly and more broadly in the 
recent summary book  [10] , we can conclude that the 
Finnish experience has shown that:
  – prevention of CVD is possible and profitable 
 – population-based prevention is the most cost-effective 

and sustainable public health approach to CVD con-
trol 

 – prevention calls for simple changes in some lifestyles 
(individual, family, community, national and global 
level action) 

 – influencing diet and especially quality of fat is a key 
issue 

 – many results of prevention occur surprisingly quickly 
(CVD/diabetes) and also at relatively late age 

 – comprehensive action, broad collaboration with dedi-
cated leadership and strong government policy sup-
port. 

 Conclusion 

 There is strong medical evidence that CVD (like many 
other chronic diseases) is preventable or could be delayed 
to a more advanced age. A population-based prevention 
campaign is the most cost-effective way and in many
cases the only affordable option for major public health 
improvements. To prevent CVD and to promote heart 
health, dietary changes are crucial, especially the change 
in the quality of fat. These changes can have a major im-
pact in relatively short time and can lead to dramatic im-
provements in public health in the long run.

  Disclosure Statement
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 – The intake of trans fats should be less than 1% of 
the daily energy intake; 

 – The remainder of the energy from fat can be pro-
vided by monounsaturated fats. 

 Foods 

 • On a global level, the main sources of saturated fats are 
fatty dairy products (like butter, ghee, whole milk, 
cream and fatty cheeses), fatty meats, animal fats (such 
as lard) and the vegetable fats palm, palm kernel and 
coconut oil and fatty snacks (e.g. cakes, pastries and 
fries). 

 • The main modifiable sources of trans fats are partial-
ly hydrogenated oils. Beef, pork, lamb, butter, milk and 
other milk products have naturally occurring trans 
fats. 

 • Important sources of unsaturated fats are: vegetable 
oils such as soybean oil, rapeseed (canola) oil, sun-
flower oil, olive oil, fatty fish, fish oil, nuts, seeds and 
products made from these, e.g. soft margarines and 
mayonnaise and derived products. 

 • Many food manufacturers have significantly reduced 
the content of saturated and trans fats in foods. Efforts 

 Dietary Recommendations 

 • The goal of dietary recommendations is to meet nutri-
tional needs and at the same time prevent develop-
ment of chronic disease and support optimal health 
and well-being. 

 • The quantity of fat is an important factor determining 
energy intake, which should be balanced with energy 
expenditure, to achieve and maintain healthy weight. 

 • The quality of fat in the diet is important for normal 
growth and development, and it has a marked impact 
on blood cholesterol and the occurrence of coronary 
heart disease and stroke. 

 • In line with authoritative international health bodies 
and current evidence, the following recommendations 
on the quality of fat in the diet are made for optimal 
health across the life course worldwide, from an age of 
about 2 years onwards: 
 – Fat may provide up to 30–35% of the daily energy 

intake; 
 – Saturated fat should provide no more than 10% of 

the daily energy intake; 
 – Essential polyunsaturated (omega–6 and omega–3) 

fats should contribute 6–10% of the daily energy 
intake; 
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to further decrease the saturated and trans fat contents 
in products are needed, where appropriate with a con-
comitant increase in the proportion of unsaturated 
fats. 

 • Substantial benefits can be achieved when simple di-
etary changes are made like exchanging full-fat dairy 
products with low-fat choices, fatty meats with lean 
meats and fish, and the use of vegetable rather than 
saturated animal fats in food preparation and food 
products. This will improve the fat composition of the 
diet and can contribute significantly to reducing the 
population risk of cardiovascular disease. 

 Consumer Knowledge and Behavior 

 • People are generally not aware of the importance of 
the fat quality of the diet and the sources of different 
fats. The general focus is on quantity of fat to control 
weight. Both are reflected in patterns of consumption 
for most people, which are not in line with current rec-
ommendations for optimal health. Dietary surveys in-
dicate that many populations around the world (both 
in developed and developing countries) consume ex-
cess saturated and trans fats and a low proportion of 
essential polyunsaturated fats. 

 Call to Action 

 • People should be advised how to decrease their satu-
rated fat intake and increase the proportion of unsatu-
rated and essential polyunsaturated fats and oils in a 
practical, sustainable and actionable way in order to be 
healthy today and tomorrow. 

 • One of the most effective options is the provision of 
concrete examples of replacing foods in a diet gener-
ally high in saturated and trans fats (e.g. butter, fatty 
cheeses, fatty meats, products fried in unhealthy fats) 
with products with lower content of saturated and 
trans fats, and preferably use of foods high in unsatu-
rated and essential polyunsaturated fats (e.g. sunflow-
er oil, soybean oil, rapeseed oil, olive oil and products 
made from these such as soft margarines and mayon-
naise). 

 • An additional option is to provide people with impor-
tant information on the content of food products on 
pack in a clear, usable, understandable way, including 
energy content per portion size and fat quality. 

 • Use simple language when communicating with the 
public, e.g. good/healthy fats and bad/unhealthy fats, 
and use consistent, scientific and coherent language 
when communicating with health experts. 

 • The food and food service industry should collaborate 
with health and nutrition experts to ensure appropri-
ate messaging based on current recommendations, to 
eliminate trans fats, reduce saturated fats and provide 
accurate information to enable people to make health-
ier choices. 

 • Nutrition and health experts should provide consis-
tent evidence-based information supporting public 
health goals and become nutrition communicators. 
They also should continue to seek collaboration with 
the food industry, governments and non-governmen-
tal organizations. 

 • Health care professionals should take responsibility 
for ensuring that patients receive the right informa-
tion and support on current dietary recommenda-
tions. They should provide their patients with advice 
on the selection of dietary fats as they do on other pre-
ventive actions and if necessary, seek training to be 
able to provide proper advice or to refer them to nutri-
tion specialists. 

 • The International Expert Meeting calls on scientists, 
health care professionals, governments, the food in-
dustry, health authorities and media around the world 
to advocate consistent, simple and effective messages 
to improve the fat quality of the diet of people every-
where and promote such changes for the prevention of 
chronic disease and to achieve optimal health. 
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