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Unsaturated fatty acids
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There is good scientific evidence that dietary fatty acid composition is involved in the aetiology
of many diseases. Increasing the supply-8fpolyunsaturated fatty acids (PUFA) may reduce the
risk of CHD. Several scientific organizations (for example, see Department of Health, 1991, 1994;
British Nutrition Foundation, 1992; Scientific Committee for Food, 1993; Food and Agriculture
Organization/World Health Organization, 1998) have made recommendations3 feUFA,
however, there is a high degree of variation both in terms of the type and ame@PofFA (up

to 7-fold). This variation reflects the different scientific axioms which underlie the different
recommendations. Optimal nutrition may be defined in terms of the level of a nutrient required to
avoid deficiency, or the amount required to have an effect on biomarkers and functional indicators
of nutrient intake, or the level of a nutrient which prevents disease. Functional biomark&rs of
PUFA include plasma, platelet and erythrocyte phosphotil8d-PUFA levels. Plasma
triacylglycerol concentrations represent a functional indicator®fPUFA because-3 PUFA

exert a consistent hypotriacylglycerolaemic effect which is dose-dependent and persistent. In
terms of disease status, epidemiological studies have demonstrated that the incidence of CHD is
inversely associated with consumptiome3 PUFA. Despite the health benefitse® PUFA, the

mean daily intake falls far short of most of the recommendations. Increasing fish intake is the most
obvious way to increase-3 PUFA intake. However, a large percentage (up to 65) of the
population do not eat fish. Thus, there is a need for alternative sournes PEFA, such as
functional foods, whose unique fatty acid composition could fortify staple foods thereby
promoting optimal levels af-3 PUFA intake.

Dietary fat: n-3 PUFA: Triacylglycerol: Coronary heart disease

Dietary fat is an essential nutrient providing energy, essen-dietary fatty acid composition. For example, there is a grow-
tial fatty acids and fat-soluble vitamins. Whilst adequate ing body of scientific evidence that increasing the supply of
amounts of dietary fat are readily provided by the Western- unsaturated fatty acids, especialh8 polyunsaturated fatty
type diet, the optimal fatty acid composition of the diet is an acids (PUFA) may be required to reduce the risk of disease,
important factor which can play a role in disease preventionespecially CHD.

and promote health. The Joint Food and Agriculture Organ- In order to define the optimal level of dietary unsaturated
ization/WHO Expert Consultation on Fats and Oils in fatty acid intake it is important to realize that fatty acids
Human Nutrition (Food and Agriculture Organization/ have a wide range of biological roles and cellular functions.
World Health Organization (FAO/WHO), 1998) concluded Fatty acids are an integral component of the phospholipid
that ‘Adequate amounts of dietary fat are essential forbilayer of cellular membranes, which in turn affects
health. In addition to their contribution to meeting energy membrane fluidity and lipid—protein interactions. Thus fatty
needs, intakes of dietary fat must be sufficient to meetacids can affect transport proteins and cellular receptors for
requirements for essential fatty acids and fat-soluble hormones and neurotransmitters. Fatty acids are the
vitamins’. In developing countries it is important that substrates for eicosanoid synthesis, and fatty acids also
adequate amounts of dietary fat are supplied to preventaffect the production of many biologically-active com-
deficiency. However, in the Western hemisphere more thanpounds, including lipid-derived cellular mediators such as
adequate, if not excessive, quantities of fat are supplied byplatelet-activating factor, and cytokines. Fatty acids also
the diet, and nutritional concern relates more to the optimalhave the ability to affect the expression of genes encoding

Abbreviations: ALA, a-linolenic acid; BNF, British Nutrition Foundation; COMA, Committee on Medical Aspects of Food Policy; DHA, docosahexaenoic
acid; EPA, eicosapentaenoic acid; FAO/WHO, Food and Agriculture Organization/WHO; PUFA, polyunsaturated fatty acids; $i6¢ Coaenittee
for Food; TAG, triacylglycerols.
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for enzymes which are involved in lipid metabolism and Health, 1991, 1994), the British Nutrition Foundation (BNF;
to interact with nuclear receptor proteins that bind to 1992), the Scientific Committee for Food (SCF; 1993) and
DNA, therefore fatty acids can alter the transcription of the FAO/WHO (1998). Table 1 demonstrates that similar
regulatory genes. With this wide range of functions in mind, intakes of total fat, monounsaturated fatty acié, PUFA
the present paper will attempt to define optimal levels of andtransfatty acids are being recommended by the differ-
dietary unsaturated fatty acid intake in terms of biomarkersent scientific authorities. Furthermore, the mean daily intake
and functional indicators of dietary intake, in order to deter- of these fatty acids by adults in the UK (Gregetal 1990)
mine the optimal levels of these nutrients which are requiredcompares well with these recommendations.
for disease prevention. However, it is important to note that there is a high degree
of variation in the amount oh-3 PUFA which is
recommended by the different organizations. Furthermore,
the mean daily intake af-3 PUFA (Gregoryet al 1990)
Fatty acids are composed of a hydrocarbon chain with afalls far short of most of the recommendations. The specific
methyl group and a terminal carboxyl group. The propertiesrecommendations fon-3 PUFA intake are detailed in
of dietary fat are primarily determined by the composition of Table 2. The recommendations vary in terms of both the
its fatty acids, which may be saturated (no double bonds),type and amount a3 PUFA, and this reflects the different
monounsaturated (one double bond) or PUFA (greater tharscientific axioms which underlie the different recommend-
one double bond). Unsaturated fatty acids can adopt twoations. For example, the SCF (1993) and FAO/WHO (1998)
distinct geometric configurations, denoted as ¢heand make recommendations for ALA only, on the understanding
trans configurationsCis double bonds have the two hydro- that human subjects have the enzymes to elongate and
gen atoms on the same side of the molecule, whilst indesaturate ALA to form EPA and DHA. Thus, according to
the trans configuration they are on opposite sides of the the SCF (1993) and FAO/WHO (1998), EPA and DHA are
molecule. Geometrical isomerism has implications for the not essential fatty acids and there are ho recommendations
shape and physical properties of the molecule, whesisby  for optimal levels of intake for these fatty acids. However,
fatty acids have a kink in the chain atensfatty acids COMA (Department of Health, 1991) and the BNF (1992)
adopt a straight configuration and function like saturated recognize that this conversion process is relatively ineffi-
fatty acids. cient, and that there are added biological functions and
PUFA may be subdivided into two categories,ritéeand health benefits which are exclusive to EPA and DHA
n-3 series, depending on whether the double bond closest t¢Freese & Mutanen, 1997). Thus, the BNF (1992) considers
the non-carboxyl end is located at the C-6 or C-3 respec-EPA and DHA to be ‘conditionally essential’, and specific
tively. Human subjects are unable to synthesifeandn-3 recommendations are made for EPA and DHA.
PUFA, therefore these fatty acids are essential fatty acids The scientific committees also use different units or
which must be supplied by the diet. Linoleic acid (©8&52 measures to express thei#¥3 PUFA recommendations.
anda-linolenic acid (ALA; 18:3-3) are the principal essen- For example, the BNF (1992) and the SCF (1993) express
tial unsaturated fatty acids. These fatty acids can be elontheir recommendations as % dietary energy, whilst COMA
gated and desaturated into their longer-chain derivatives(Department of Health, 1991) uses two measures, % dietary
arachidonic acid (20m6), eicosapentaenoic acid (EPA; energy from ALA and an absolute amount for EPA
20:5n-3) and docosahexaenoic acid (DHA; 223). (g/week). FAO/WHO (1998) base their recommendations
for n-3 PUFA intake on the linoleic acid : ALA value. When
all the recommendations are expressed in a similar fashion
(as % dietary energy) it is apparent that there is a great
variation in the level oh-3 PUFA being recommended,
Recommendations for average population intakes for totalranging from 0-2 % energy to 1-5 % energy. This sevenfold
and unsaturated fatty acids have been proposed by a numbelifference not only reflects the different methods used to
of scientific authorities, including the Committee on determine the recommendations, but it also reflects a differ-
Medical Aspects of Food Policy (COMA; Department of ent appreciation of the concept of optimal nutrition. COMA

Structure and nomenclature of fatty acids

Recommendations for optimal unsaturated fatty acid
intake

Table 1. Recommendations for average population intakes of unsaturated fatty acids compared with current intakes in the UK (% total energy)

Total fat MUFA n-6 PUFA n-3 PUFA trans-FA

Recommended intakes

Department of Health (1994) 33 12 >1.0 >0-2 <20

British Nutrition Foundation (1992) 27 12 3-10 0-5-2.5 <20

Scientific Committee for Food (1993) - - 2.0 0-5 -

Food and Agriculture Organization/World

Health Organization (1998) 15-30 10-15 4-10 0-4-2-0 —

Current intakes (Gregory et al. 1990)

Men 37-6 116 5.07 0-72 2.0

Women 39:2 11-8 5.12 0-73 21

MUFA, monosaturated fatty acids; PUFA, polyunsaturated fatty acids; FA, fatty acids.
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Table 2. Recommendations for n-3 polyunsaturated fatty acid (PUFA) intake

Reference Specific recommendations for n-3 PUFA n-3 PUFA (% energy)
Department of Health (1991, 1994) At least of 0-2 % energy from ALA 0-2
1.5g EPA and DHA/week
British Nutrition Foundation (1992) 1.0 % Energy from ALA 1.5
0-5 % Energy from EPA and DHA
Scientific Committee for Food (1993) 0-5 % Energy from n-3 PUFA 05
Food and Agriculture Organization/ 4-10 % Energy from LA 0-93
World Health Organization (1998) LA:ALA5:1-10:1

(using 7 % energy from LA and LA: ALA of 7-5:1)

ALA, a-linolenic acid; DHA, docosahexaenoic acid; EPA, eicosapentaenoic acid; LA, linoleic acid.

(Department of Health, 1991) and the SCF (1993) make(Roche & Gibney, 1996). In terms of defining optimal levels
recommendations to prevent essential fatty acid deficiency.of unsaturated fatty acid intake.3 PUFA lend themselves
In contrast the BNF (1992) and the FAO/WHO (1998) rec- well to the concept of the use of biomarkers or functional
ognize that there are additional beneficial effects associatedndicators ofn-3 PUFA intake. As a biomarker there is a
with greater levels of intake of these fatty acids, therefore strong positive relationship between the amountn
these recommendations are quantitatively greater to prevenPUFA consumed and the levels of EPA and DHA which
deficiency and promote health. become incorporated into plasma, platelet and erythrocyte
phospholipids (Kataet al. 1991; Li & Steiner, 1991; Roche
& Gibney, 1994). Thus, the levels of EPA and DHA in
cellular membranes are an accurate measure of actual
dietary fish and fish oil intake (Agrest al 1990; Anderson
Optimal nutrition may be defined in terms of the level of a et al 1996). Dietary ALA intake has a strong positive rela-
nutrient required to avoid deficiency, or the amount required tionship with plasma and neutrophil phospholipid-ALA and
to have an effect on biomarkers and functional indicators of -EPA (Mantzioriset al. 1995).
nutrient intake, or the level of a nutrient which prevents  There is a functional relationship betwest83 PUFA
disease. In terms of trying to define the optimal levels®&f intake and plasma triacylglycerol (TAG) concentrations. In
PUFA intake a combination of these principles may be used.human subjects-3 PUFA exert a consistent hypotriacyl-
In terms of disease status, epidemiological studies haveglycerolaemic effect, which is dose-dependent and persist-
demonstrated that the incidence of CHD is inversely associ-ent. In a recent review of seventy-two placebo-controlled
ated with consumption of-3 PUFA (Bang & Dyerberg,  human studies which provided supplemental EPA and DHA
1972; Hiraiet al 1980). The Zutphen Study (Kromhout in the range 1-0-7-0g/d for at least 2 weeks, plasma TAG
et al. 1985) provided prospective evidence that there was anconcentrations were consistently reduced by 25-30 %
inverse relationship between fish consumption and 20-year(Harris, 1996). Several studies have shown that fish-oil
mortality from CHD. The diet and reinfarction trial (Burr supplementation has a dose-dependent hypotriacylglycer-
etal 1989) demonstrated that relatively low dose-8f olaemic effect on fasting plasma TAG concentrations
PUFA (2-3g EPA/week, which is equivalent to two to three (Sander®t al 1981; Blonket al 1990; Schmidét al. 1990).
portions of oily fish every week), reduced the risk of When the data from these studies are pooled (Fig. 1), it
secondary coronary events. It has also been demonstrateemerges that the change (% baseline concentration) in fast-
that the Mediterranean ALA-rich diet is associated with a ing plasma TAG concentratiod\T) is related to then-3
significant reduction in the number of non-fatal myocardial PUFA intake (gn-3 PUFA) according to the equatid =
infarctions and cardiac deaths (de Lorgetilal 1994). A —7-67-3-05(n-3 PUFA) R2 0-87). It is important to note
recent prospective study in patients with acute myocardialthat this equation relates to dosesne3 PUFA ranging
infarction has demonstrated that supplementation with a lowbetween 1 and 9g/d, which were added to the diet for a
dose of fish oil (1-08g EPA/d) and mustard-seed oil (2-:9 grelatively short period of time (4-12 weeks). It is also
ALA/d) for 1 year was associated with a significant reduc- important to note that the duration of supplementation also
tion in the incidence of cardiac events (Sieglal 1997). In affects the hypotriacylglycerolaemic efficacyre PUFA.
that study, the total number of cardiac deaths was signifi- The reduction in plasma TAG concentrations demonstrated
cantly reduced by fish oil but not by the mustard-seed-oil in long-term supplementation trials using low doseg-8f
supplement, thus illustrating that ALA and the long-chain PUFA was equivalent to that in short-term high-dos#
n-3 PUFA may have different levels of nutritional efficacy. PUFA supplementation trials. Investigations by our research
Numerous intervention studies have demonstrated thatgroup (Roche & Gibney, 1996) have demonstrated that a
n-3 PUFA exert their cardio-protective effects in a variety of low dose of fish oil (1 g-3 PUFA/d) given as a supplement
ways, including anti-thrombotic (Leaf & Weber, 1988), for 16 weeks significantlyR<0-05) reduced fasting plasma
anti-arrhythmic (Kimet al 1995) and anti-inflammatory = TAG concentration by 21-2 %, a level much greater
(Endreset al 1989; Wallaceet al 1995) effects, as well as than that predicted from the previously described equation
improved plasma lipid and lipoprotein concentrations (-10-7 %).

Defining optimal levels ofn-3 polyunsaturated fatty acid
intake

https://doi.org/10.1017/5002966519900052X Published online by Cambridge University Press


https://doi.org/10.1017/S002966519900052X

400 H. M. Roche

Plasma TAG change
(% baseline concentration)

-40 1 1 1
0

2 4 6 8 10
Dose of n-3 PUFA (g/d)

Fig. 1. Dose-dependent hypotriacylglycerolaemic effect of n-3
polyunsaturated fatty acids (PUFA). (=), Blonk et al. (1990); (),
Sanders et al. (1983); (m), Schmidt et al. (1990). TAG, triacyl-
glycerols. Regression equation: y=-7-67 - 3-05x; R2 0-87. (Adapted
from Roche & Gibney, 1996.)

The relative efficacy ofn-3 polyunsaturated fatty acids

sumption ranged from 0-07 % energy to 0-64 % energy. It is
important to note that the assumption that all fish eaten was
oily fish is a gross overestimation of actual long chabh
PUFA intake. Even so, in most European countries this
estimated level of intake of long chair3 PUFA is much
lower than the recommended levels.

Siskovick et al (1995) demonstrated an inverse dose-
dependent relationship between fish intake and the relative
risk of primary CHD. Table 4 presents the relationship
between the quartiles oF3 PUFA intake and the risk of
CHD, and demonstrates the number of monthly portions
(100 g fish per portion) of oily fish which would be required
to achieve the level of-3 PUFA intakes within each quar-
tile. Thus, it is feasible to achiewe3 PUFA intakes which
are associated with a significantly reduced risk of CHD by
increasing fish consumption. However, a large percentage
(up to 65) of the population do not eat fish (Gregetral
1990). Clearly there is a need for alternative sources3of
PUFA, such as functional foods containing micro-
encapsulated fish oil or genetically-modified oils whose
unique fatty acids composition could fortify staple foods,
thereby promoting optimal unsaturated fatty acid status.

Table 3. Current levels of long chain n-3 polyunsaturated fatty acid

(PUFA) intake in Europe

Fish intake n-3 PUFA Energy intake n-3 PUFA

Whilst discussing the use of biomarkers and functional Sy (9/d) (20gkgfish) (MJ/d) (% energy)
indicators ofn-3 PUFA intake it is important to note that The Netherlands 10 0-20 10-1 0.07
ALA and the long-chaim-3 PUFA have different effects. Belgium 17 0-34 10-4 0-12
ALA supplementation significantly increases the level of Germany 16 0-32 88 0-13
ALA and EPA in plasma and cells, but ALA supplement- Ireland 19 0-38 97 0-15
ation does not increase DHA or reduce arachidonic acidtaly 24 0-48 114 0-16
levels (Sanders & Younger, 1981). This is an importantPenmark 26 0-52 113 0-17
difference because the balance of arachidonic acid and EP}g{K ) % 2"513 182'77 8.4212
determines the type and biological efficacy of eicosanoids,ng;'SgaI o L84 107 0.64

which in turn controls thrombosis and the immune and
inflammatory responses. It has been demonstrated that bou

ALA and long-chainn-3 PUFA supplementation have

equivalent effects on haemostatic factors (Freese &

Mutanen, 1997). However, unlike EPA and DHA, ALA Table 4. Dietary intake of fish and the risk of primary cardiac arrest
supplementation has no effect on plasma TAG concentra- (Adapted from Siscovick et al. 1995)

tions (Sanderst al 1989; Freese & Mutanen, 1997). There No
are also differences between ALA and the long-cimath Variable fish
PUFA in terms of disease outcome. Singthal (1997)
demonstrated that whilst ALA supplementation was as Dietary intake (g -3 PUFA 0 0-96 2:94 5.54 13-65

Quatrtiles of fish intake

efficacious as fish oil in reducing the incidence of cardiac per month)
events, EPA and DHA but not ALA significantly reduced No. of cases (n295) 34 92 7 45 47
the number of total cardiac deaths. No. of controls (n 398) 19 91 101 94 95
Unadjusted odds risk 1.0 09 0-7 0-5 0-3
(95 % CI)
Current dietary intake v. optimal levels ofn-3 Adjusted odds risk 10 09 0-7 05 04
polyunsaturated fatty acid consumption (95 % CI)

It is difficult to quantify the actual intake a3 PUFA

Actual fish intake (portions per month)

across Europe; with the exception of the dietary survey Fresh trout(9gn-3

in the UK (Gregoryet al 1990), no national survey has

PUFA/kg) 1.07  3-27 6-16 1517

quantifiedn-3 PUFA intake. Thus, in order to estimat& Til”jgsi";’on (13gn-3 074 296 426 1050
PUFA intake, data on the actual intake of fish throughout magkerel (189 n-3
Europe were collated (Table 3), and it was assumed that all * pyeag) 053 1.63 3.08 7.58

fish eaten was oily fish, providing 2thg3 PUFA/Kg. Using
these data, the estimated level of long cimahPUFA con-
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