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Dietary lipids and the inflammatory response

R. F. Grimble
Institute of Human Nutrition, University of Southampton, Southampton 016 7PX, UK

Inflammation is an important process in the response of the
body to tissue injury and invasion by pathogens. In these con-
texts, the process is rapid in onset, and recedes once the
pathogens are destroyed and damaged tissue has been
repaired.

Inflammatory and immune processes are mediated and
controlled by a diverse range of molecules. Among these
molecules are: proteins; the pro-inflammatory cytokines,
tumour necrosis factor (TNF) and interleukins (IL)-1 and -6;
derivatives from membrane phospholipids; the eicosanoids
(prostaglandins (PG), leukotrienes (LT)); diacylglycerol and
ceramide; miscellaneous compounds such as cAMP, inositol
phosphates and reactive oxygen species.

The pro-inflammatory cytokines are predominantly prod-
ucts of the immune system; however, endothelial cells and
fibroblasts also have the capability for production. Bio-
logically, TNF acts as a trigger which activates a cascade of
cytokine production. The molecule is released rapidly in
response to inflammatory and infective agents, and induces
production of a large number of other cytokines, including
IL-1 and IL-6 with which it shares a number of actions in
common (Akira et al. 1990). These include generation of a
fever, reactive oxygen species and acute-phase protein
production, muscle proteolysis, hyperglycaemia, hyper-
lipidaemia, up-regulation of adhesion molecules and
changes in the plasma concentrations of cations (Fig. 1;
Tracey & Cerami, 1993; Grimble, 1996). TNF, by induction
of the chemokine IL-8, may also prolong the inflammatory
process (Standiford et al. 1990a,b). TNF can further modu-
late immunological events by induction of IL-1, which stim-
ulates IL-2 and IL-4 production; the latter two cytokines
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Fig. 1. The metabolic effects of pro-inflammatory cytokines. IL-1,
interleukin-1, TNF, tumour necrosis factor-c.

result in increased lymphocyte proliferation and switching of
immunoglobulin classes respectively (Chretien et al. 1990).
TNF, in addition to its important role as an early effector in
inflammatory and immune processes, is important in killing
fungi and a number of viruses (Ito & O’Malley, 1987). How-
ever, this cytokine can enhance human immunodeficiency
virus replication (Shreck er al. 1991). Excessive or biologi-
cally inappropriate TNF production is closely associated
with pathological events. Such events have been closely
linked with mortality from cerebral malaria, endotoxic
shock, sepsis and adult respiratory distress syndrome, and
with pathology in a wide range of disorders (Tracey &
Cerami, 1993). These include rheumatoid arthritis, inflam-
matory bowel disease, psoriasis and atherosclerosis
(Grimble, 1996).

A number of systems and molecules limit TNF and IL-1
production and down-regulate their effects. These regulatory
agents have been reviewed elsewhere, and include gluco-
corticoids, acute-phase proteins, eicosanoids and soluble
receptors (Grimble, 1996). External intervention is neces-
sary, however, in situations where TNF production is
disadvantageous to the host. Modulation of this nature can be
achieved by nutrients and drugs.

Lipids have been shown to be potent modulators of
inflammation, a not unsurprising fact since a large number of
the modulatory compounds cited previously are derived from
the hydrolysis of membrane phospholipids by the action of
phospholipase A, (EC 3.1.1.4; PG and LT), phospholipase C
(EC 3.1.4.3; diacylglycerol), phospholipase D (EC 3.1.4.4;
phosphatidic acid) and sphingomyelinases (ceramide).

The fats consumed in diets contain widely-differing
amounts and proportions of unsaturated fatty acids. Satu-
rated animal fats, such as those of beef, lamb and butter, con-
tain low concentrations of the n-6 polyunsaturated fatty acid
(PUFA) linoleic acid (LA). While coconut oil is poor in LA,
all other fats of plant origin are rich in LA. Maize, palm and
olive oils and butter contain substantial quantities of the
monounsaturated fatty acid oleic acid (OA). Oils from fatty
fish are rich in the long-chain n-3 PUFA eicosapentaenoic
acid (EPA) and docosahexaenoic acid. The n-3 PUFA
linolenic acid (LNA) can act as a precursor for EPA and
docosahexaenoic acid. LNA is derived from leafy vegeta-
bles, although none are particularly rich in this nutrient.

The most-likely site in the cell where lipids might modu-
late inflammation is the cell membrane. Dietary unsaturated
fatty acids can alter the composition of the fatty acy! chains
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of membrane phospholipids. Fatty acids may be incorporated
into any of the various classes of phospholipids within the
membrane, phosphatidylcholine, phosphatidylethanolamine,
phosphatidylserine, phosphatidylinositol and sphingo-
myelin. Thus, the nature of the substrate for PG, LT,
diacylglycerol, phosphatidic acid and ceramide production
may be changed. The changes in fatty acid composition may
also exert a biophysical influence on membrane structure
by altering the fluidity characteristics of the membrane.
Theoretically, changes in fluidity may influence the activity
of membrane-associated enzymes important in controlling
cytokine production, e.g. G proteins, and also the affinity
with which cytokines bind to their respective receptors in the
membrane (Stubbs & Smith, 1984).

Influence of fats on responses to inflammatory
agents and diseases

In theory, fats may influence inflammation by altering the
production of cytokines and other inflammatory mediators,
or by changing the sensitivity of target tissues to inflamma-
tory mediators, or by acting at both levels. Thus, studies have
investigated the influence of lipids on the responses of ani-
mals to bacteria, bacterial extracts, burns and other forms of
injury, and injections of recombinant pro-inflammatory
cytokines. In addition, studies have examined the effects of
lipids on in vive and in vitro pro-inflammatory cytokine pro-
duction by cells of the immune system. The ability of lipids
to modify the gross inflammatory process in both animal
models and disease states in man has also been studied.

Influence of fats on responses to pro-inflammatory
cytokines and inflammatory agents

Numerous studies have shown that fats rich in #-3 PUFA
exert a generalized anti-inflammatory influence. Guinea-
pigs fed on fish oil for 6 weeks experienced a smaller fever
in response to IL-1, than animals fed on safflower oil
(Pomposelli et al. 1989). Similarly rats fed on fish oil exhib-
ited a lesser degree of anorexia in response to IL-1 than
animals fed on maize oil (Hellerstein ez al. 1989). Feeding
rats on fish oil, coconut oil or butter for 8 weeks greatly
reduced the anorexia experienced following an injection of
TNF (Mulrooney & Grimble, 1993). Thus, fats with a low
content of LA (butter and coconut oil) or rich in EPA (fish
oil) reduced those responses to IL-1 and TNF that are medi-
ated by the hypothalamus and are known to involve PG.
Indeed, Bibby & Grimble (1990) demonstrated that hypotha-
lamic slices from rats fed on coconut oil, which is poor in LA,
produced less PGE, in response to TNF or endotoxin than
slices from rats fed on maize oil, which is rich in LA. While
coconut oil, butter and fish oil had similar influences on the
anorectic response to TNF in rats, they had different
modulatory influences on the effect of the cytokine on liver
and lung protein synthesis (Mulrooney & Grimble, 1993).
Animals fed on maize oil experienced an increase in the rate
of synthesis in both tissues. However, while fish oil feeding
suppressed this response in lung, it had no influence on liver.
Butter consistently suppressed responses in both tissues, and
coconut oil prefeeding caused a small suppression in liver,
but enhanced the response in lung. The changes in plasma
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concentrations of caeruloplasmin (EC 1.16.3.1) paralleled
the rate of hepatic protein synthesis (Mulrooney & Grimbile,
1993). Thus, cytokine responses that are mediated by PG and
LT are, in general, modulated by butter, fish oil and coconut
oil in a manner consistent with the LA or EPA content of
these fats. However, this is not so for the modulatory effects
of the same fats on the actions of TNF on visceral protein
metabolism. This is not unexpected, since there is substantial
evidence against direct involvement of PG and LT in visceral
protein responses to cytokines. Cyclooxygenase (EC
1.14.99.1) inhibitors are ineffective at inhibiting the increase
in C-reactive protein following endotoxin injection in human
volunteers. Similarly, the increased rate of non-secretory
protein synthesis by liver of rats given endotoxin or IL-1 is
not prevented by ibuprofen (Kunkel er al. 1987). Further-
more, increases in glycosaminoglycan synthesis in lung
fibroblasts stimulated with TNF were unaffected by
indomethacin (Elias ef al. 1988). Thus, alternative mecha-
nisms have to be sought for the modulatory effects of fats on
the responses of visceral protein synthesis to cytokines.

Olive oil and butter, which like coconut oil have a low
content of LA, almost without exception suppress both the
effects of inflammatory agents which are clearly modulated
by eicosanoids, and those which are not. The effects include
anorexia, the fall in body temperature, elevation of plasma
caeruloplasmin concentrations, and an increase in liver pro-
tein and Zn content and in protein synthetic rates in liver,
lung and kidney (Besler & Grimble, 1995). Thus, olive oil
and butter possess other fatty acid characteristics, apart from
a low LA content, which bestow anti-inflammatory proper-
ties. OA content is the most obvious characteristic, compris-
ing (g/100g fat) 22 and 69 in butter and olive oil
respectively, but only 6 in coconut oil. The addition of OA to
coconut oil in an amount similar to that in butter prevented
the stimulatory effect of the oil on lung protein synthetic
rates (Grimble, 1992).

Addition of 50, 100 or 200 g olive oil/kg to the diet of rats
almost totally suppressed metabolic responses to a lipopoly-
saccharide (LPS) injection, emphasizing the potential
anti-inflammatory influence of OA (Besler & Grimble,
1995). Conversely, diets rich in LA had a pro-inflammatory
influence in animal models of inflammation. The inflamma-
tory response to burn injury in guinea-pigs was enhanced by
safflower oil when it constituted 30-50 % of the dietary
energy (Alexander et al. 1986). In rats the degree of anorexia,
fall in body temperature, elevation of caeruloplasmin and
increase in liver protein and Zn content in response to
endotoxin injections was increased in a stepwise manner
when maize oil was included in their diets in amounts of 50,
100 and 200 g/kg (Besler & Grimble, 1995).

Although OA is capable of inhibiting incorporation of LA
and arachidonic acid into membrane phospholipids, it is
improbable that it is exerting its influence on visceral protein
responses by modulating eicosanoid metabolism. In vitro
studies have shown that OA is able to activate protein kinase
C, which has been implicated in the down-regulation of
receptors for TNF (Ungloub et al. 1987; Khan er al. 1992).

Studies on the modulatory influence of butter on
responses to LPS indicate that while the fat may exert an
anti-inflammatory influence due to its low n-6 PUFA and
high OA content, when fed in high concentrations (200 g/kg)
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it loses this influence due to the amount of cholesterol which
it provides. While diets containing butter at 100 g/kg sup-
pressed a wide range of responses to LPS, a diet containing
an identical amount of the fat, but to which cholesterol had
been added to bring the total dietary content (0-23 g/kg) to
that which would occur from the inclusion of 200 g but-
ter/kg, permitted responses to LPS (Besler & Grimble,
1994a). Cholesterol may exert a pro-inflammatory effect by
enhancing cytokine production. Studies on rabbits show that
IL-1 and TNF synthesis in the aorta wall in response to an
LPS injection was enhanced by inclusion of cholesterol
(3 g/kg) in diets containing maize oil (Fleet et al. 1992).

Cholesterol may also exert a more generalized pro-
inflammatory effect. In in vitro studies on monocytes,
Hughes et al. (1992) showed that incubation with cholesterol
increased expression of human major histocompatibility
complex D sub-region products. Cholesterol was also shown
to increase the proliferative response of human peripheral
blood lymphocytes to phytohaemagglutinin (Wilsher et al.
1988).

In summary, it would seem that the intensity of the multi-
plicity of metabolic changes, which are part of the inflamma-
tory process, is influenced by the unsaturated fatty acid and
cholesterol content of the diet. While n-6 PUFA and choles-
terol exert a pro-inflammatory influence, n-3 PUFA and
monounsaturated fatty acids exert the opposite effect.

Influence of fats on cytokine production

Relatively few studies have examined the modulatory effects
of lipids on the ability of cells to produce cytokines. Those
that have been carried out have examined cytokine secretion
alone, and have not examined mRNA expression. In human
volunteers, supplementation of the diet for 6 weeks with 18 g
of a fish oil concentrate rich in EPA and docosahexaenoic
acid reduced the ability of monocytes to produce IL-1¢ and
B and TNF-o. by at least one-third. The effect was still
evident 10 weeks after cessation of dietary supplementation
(Endres et al. 1989). A similar suppressive effect of dietary
supplementation with fish oil on IL-1 production by stimu-
lated monocytes was noted in rheumatoid patients (Kremer
& Robinson, 1991), and on IL-1, IL-6 and TNF production
in young and old women (Meydani, 1992). In the study on
rheumatoid patients (Kremer & Robinson, 1991), olive oil
supplements were given to the control group; a fall in ability
to produce IL-1 was noted in this group also. The effect did
not reach statistical significance; however, the effect is inter-
esting in view of the anti-inflammatory nature of olive oil in
animal studies, and the suggestion that rheumatoid arthritis is
less common in Mediterranean regions of Europe than else-
where (Linos et al. 1991).

We examined the ability of TNF to induce IL-1 and IL-6
production by peritoneal macrophages from rats fed for 4 and
8 weeks on a range of fats representing the wide range of
types encountered in human diets. The fats studied were
maize, olive, coconut and fish oils and butter; chow-fed ani-
mals were included in the studies. Complex modulation
occurred (Tappia & Grimble, 1994). After 4 weeks fish and
olive oils suppressed IL-1 production (relative to chow-fed
animals). However, after 8 weeks, while fish and coconut
oils suppressed IL-1 production, olive oil and maize oil
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enhanced production. After 4 weeks IL-6 production was
enhanced by fish and olive oils, and after 8 weeks all the fats
except coconut oil had resulted in enhanced production.
However, despite the complexity of these effects, after 8
weeks of receiving the diets, there was a positive relationship
between production of IL-1 and the n-6 PUFA intake of the
animals and between IL-6 production and the total intake of
unsaturated fatty acids (Grimble & Tappia, 1995). The study
in rats was partly paralleled by the results of a study of the
influence of a cholesterol-lowering diet on immune function
of middle-aged subjects (Meydani et al. 1993). A change in
n-6 PUFA intake from 6:6 to 8-8 % of the dietary energy
resulted in a 62 and 47 % increase respectively in IL-1 and
TNF production from stimulated monocytes. Addition of
0-54 % of the dietary energy as n-3 PUFA counteracted this
effect, and resulted in decreases of 40 and 7 % respectively in
the production of the two cytokines.

Influence of fats on inflammatory disease in animal
models and human subjects

Clinical studies have concentrated on the effects of fish oil,
while the influence of a range of fats has been studied in ani-
mal models of inflammation.

Inflammatory symptoms in rheumatoid arthritis, psoria-
sis, asthma, Crohn’s disease and ulcerative colitis are amelio-
rated by fish oil (Grimble, 1992; Calder, 1997). The
substantial weight loss which occurs in pancreatic cancer is
prevented by a daily supplement of fish oil (Barber et al.
1998).

There are many animal models of acute and chronic
inflammation. Fats have been shown to modulate these pro-
cesses. Fish oil protected pigs, rats and guinea-pigs from the
lethal effects of endotoxin. The oil exerted protective effects
in experimental colitis in rats. The oil also reduced the meta-
bolic response to burn injury in guinea-pigs, the number of
polymorphonuclear cells in air pouches of rats challenged
with bovine serum albumin, and the degree of anorexia and
weight loss in mice given the MAC16 colon adeno-
carcinoma. Diets rich in medium-chain triacylglycerols
produced similar ameliorative effects in the same cancer
cachexia model (Wallace et al. 1980; Johnston, 1985;
Yoshino & Ellis, 1987; Grimble, 1992).

Mechanisms whereby fats may modulate production
and actions of pro-inflammatory cytokines

The most likely manner in which lipids might modulate
pro-inflammatory cytokine biology is by changing the fatty
acid composition of the fatty acyl chains of the phospholipids
in cell membranes. The fatty acids compete for incorporation
into the phospholipid structure. The affinity for incorpora-
tion is in the order LNA > LA > OA. Furthermore, dietary
arachidonic acid and EPA may be incorporated into
phospholipids. EPA is incorporated with the highest affinity
of all unsaturated fatty acids (Johnston, 1985; Murphy,
1990). Conversion of the n-3, n-6 and n-9 fatty acids to
precursors of eicosanoids occurs after they have become
attached to the sn-2 position of membrane phospholipids.
As a consequence of the changes in the fatty acid
component of membrane phospholipids, two interrelated
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phenomena may occur, i.e. alteration in membrane fluidity
and in the products which arise from hydrolysis of membrane
phospholipids.

Changes in fluidity may alter the binding of cytokines and
cytokine-inducing agonists to receptors (Stubbs & Smith,
1984; Murphy, 1990). They may also alter components of the
signal transduction process which leads to cytokine produc-
tion or its effects; for example, fluidity changes may alter
G-protein activity, thereby changing adenylate cyclase (EC
4.6.1.1), phospholipase A, and phospholipase C activity.
Alterations in membrane phospholipids will also directly
influence the synthesis of lipid-derived mediators such as the
eicosanoids, diacylglycerol, phosphatidic acid, ceramide and
platelet-activating factor. The fatty acid composition of all
but the first of these mediators will reflect membrane
phospholipid composition. The pattern of eicosanoid pro-
duction will be influenced by the fatty acid incorporated into
the sn-2 position, as activation of phospholipase A, will
release fatty acid from this location for eicosanoid synthesis.
The position is usually occupied by unsaturated fatty acids.
Arachidonic acid is the parent compound of PG and LT of the
2 and 4 series respectively, while EPA is the precursor of
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Fig. 2. The influence of fats of differing unsaturated fatty acid con-
tents on lateral and rotational fluidity of membranes of hepatocytes
(o) and peritoneal macrophages (m), measured by (a) the fluores-
cence recovery after photobleaching and (b) diphenylhydrazine
anisotropic methods respectively (Tappia et al. 1997). Values are
means with their standard errors represented by vertical bars.
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the less-potent PG and LT of the 3 and 5 series respectively.
Eicosatetraenoic acid only acts as an eicosanoid substrate
under conditions of essential fatty acid deficiency. Dietary
fat composition may thus modulate the proportions of all
three eicosanoid precursors.

Influence of dietary fat on membrane fluidity in cells
producing and responding to pro-inflammatory cytokines

Agents which alter membrane fluidity of lymphocytes have
been shown to inhibit IL-2 production. However, both
ethanol which increases fluidity, and sterols which decrease
fluidity, produce this effect (Tappia & Grimble, 1994). More-
over, inclusion of cholesterol in the diets of rabbits which
might be expected to reduce membrane fluidity, enhanced
IL-1 and TNF expression in aortas (Fleet et al. 1992).

To investigate whether dietary fats change inflammatory
processes via alterations in membrane fluidity, we (Tappia
etal. 1997) have examined the effect of feeding a wide range
of fats on the lateral fluidity (measured by the fluorescence
recovery after photobleaching technique) and rotational flu-
idity (measured by diphenylhydrazine anisotropy) of mem-
branes from rat peritoneal macrophages and hepatocytes.
The results are illustrated in Fig. 2(a and b). In general, fluid-
ity assessed by either method was influenced in a similar
manner in membranes from both types of cell. There was,
however, no consistent relationship between membrane
fluidity and the intensity of inflammation. Fish and coconut
oils resulted in high lateral fluidity, and suppressed pro-
inflammatory cytokine production and responsiveness of
tissues to inflammatory agents. However, butter and maize
oil resulted in low lateral fluidities, but had opposing effects
on the indices of inflammation. Thus, the precise nature and
significance of fat-induced alterations in membrane fluidity
in cytokine-producing and cytokine-sensitive cells requires
further investigation.

Influence of n-6 polyunsaturated fatty acid intake and
endotoxin on plasma membrane phospholipid class
distribution and inflammatory mediator production

during inflammation

To gain a better understanding of how inflammatory media-
tor production is influenced by dietary fats, we examined the
proportions of phospholipid classes in hepatocyte plasma
membranes of rats exposed to an injection of LPS after a
4-week period of differing dietary fat intake. To obtain a
range of unsaturated fatty acid intakes, the animals were fed
on maize oil, olive oil or butter at three concentrations (50,
100 and 200 g/kg diet). Liver membrane composition was
examined 24 h after injection. Major changes in plasma
membrane composition occurred in response to LPS, which
were modulated by the diet (Besler & Grimble, 1994b). Data
are shown in Fig. 3 and are expressed in relation to the LA
intake of the dietary groups. Whilst most membrane constitu-
ents were unaffected by dietary LA intake, plasma
membrane phosphatidylserine was negatively related to LA
intake. In response to LPS, large decreases in membrane
phosphatidylinosito] and phosphatidylcholine occurred. The
amount of phosphatidylserine in the membranes increased,
as did cholesterol content. A small decrease in phosphatidyl-
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Fig. 3. The influence of linoleic acid intake on hepatocyte plasma membrane phospholipid class concentrations in rats given a saline (9 g NaCi/l)
or lipopolysaccharide injection. Pi, inorganic phosphate; PS, phosphatidylserine; PC, phosphatidylcholine; P, phosphatidylinositol. (From

Grimble & Tappia, 1998.)

ethanolamine and no change in sphingomyelin occurred
(data not shown).

" Activation of protein kinase C requires the hydrolysis of
phosphatidylinositol and the presence of phosphatidylserine.
The changes that occurred in the composition studies
described previously indicate that an increase in both factors
occurs in vivo, in response to an inflammatory challenge.
Furthermore, the magnitude of the responses increased with
dietary LA intake. It is unknown whether similar changes
occur in the plasma membrane of macrophages. Should such
modulation be the case, then dietary modulation of protein
kinase C activity may, in part, play an important role in the
modulation of the ability of TNF to induce IL-1 and IL-6.

During inflammation, the changes in membrane
phospholipid content associated with differing LA intakes
would suggest altered production of inflammatory mediators
such as PG and LT. In vitro studies have shown that PG
inhibit and LT stimulate IL-1 production (Dinarello ez al.
1984; Kunkel ef al. 1987). While both types of eicosanoids
are produced from arachidonic acid and EPA, it has been

https://doi.org/10.1079/PNS19980078 Published online by Cambridge University Press

suggested that LT are more potent biological modulators
than PG. Thus, incorporation of EPA into membrane
phospholipids might be expected to reduce IL-1 production,
and arachidonic acid to have the opposite effect. This situ-
ation was investigated by examining production of PGE; and
LTB, by peritoneal macrophages of rats which had been fed
on a range of fats with different unsaturated fatty acid
contents. When cells were stimulated with LPS, a complex
pattern of eicosanoid production occurred (Tappia &
Grimble, 1996). The data presented in Fig. 4 show that LTB,
production is positively related to n-6 PUFA intake from
diets containing coconut oil, butter, fish oil and olive oil but
not from a maize oil diet. PGE; production is unaffected by
LA intake. Thus, the increase in production of eicosanoids is
only partially consistent with the increases in membrane
phospholipid hydrolysis that are associated with increases in
LA intakes.

From the foregoing discussion it can be seen that there is
a substantial degree of uncertainty about the mechanisms
whereby dietary fats modulate inflammation. There are a
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number of candidate mechanisms on which information is
available (Fig. 5). It is certain that fats can modulate inflam-
mation and alter the composition of plasma membranes both
in cells producing pro-inflammatory cytokines and in those
which are the targets of their actions. The biophysical and
biochemical consequences of compositional change have yet
to be fully described.

Implications of experimental observations on lipids and
inflammation for inflammatory disease in human
populations

With the major decline in infectious disease in populations in
industrialized countries, attention has been focused on other
diseases in which inflammation plays a part, such as athero-
sclerosis, rheumatoid arthritis, asthma and inflammatory
bowel diseases.

In many industrialized countries, such as the UK, USA
and Australia, large increases in the intake of n-6 PUFA have
occurred in the last 30 years (Roberts, 1991). In the UK,
polyunsaturated fatty acid : saturated fatty acid intake
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doubled between 1972 and 1988. The intake of n-6 PUFA
rose from 4 % of the dietary energy in the early 1970s to 6 %
at present (Department of Health, 1994). It has been sug-
gested that the upsurge of asthma which has been observed in
the UK, Australia and New Zealand is related to these
increases in PUFA intake (Black & Sharpe, 1997). The
unexplained increase in the incidence of eczema and allergic
rhinitis, and regional differences of inflammatory disease
within countries, may relate to n-6 PUFA intake (Lewis et al.
1996; Black & Sharpe, 1997). For example, the incidence of
asthma is lower in Scotland and the north of England than in
the south, and intakes of n-6 PUFA are highest in the south of
England (Lewis et al. 1996). Similarly, the incidence of
asthma was lower in the eastern part of Germany (where
intakes of n-6 PUFA were lower) than in the western part of
the country (where larger quantities of n-6 PUFA were con-
sumed; Black & Sharpe, 1997). In southern Finland, the inci-
dence of asthma in rural children is over three times higher
than in children from the industrialized east of the country.
The levels of n-6 PUFA in plasma cholesteryl esters are sig-
nificantly greater in the former region, thus confirming a
higher intake of n-6 PUFA (Black & Sharpe, 1997). In Japan,
where a steady increase in fat intake from 16 to 24 % of
dietary energy, and a change in the amount of n-6 PUFA rela-
tive to n-3 PUFA in the diet has occurred as a result of
‘Westernization of the diet” between 1966 and 1985, major
rises in the incidence of Crohn’s disease have been observed
(Shoda et al. 1996). An epidemiological study reported that
an increase in n-6 PUFA : n-3 PUFA value from 3.3 to 3-8
was associated with a doubling in the number of newly-
diagnosed cases of the disease (Shoda ez al. 1996).

While the impact of changes in dietary fat intake on the
incidence of inflammatory disease in populations has played
little part in the recommendations of governmental commit-
tees, recommendations from the recent Department of Health
(1994) report, although targeted at CHD, may have a benefi-
cial influence on the burden of inflammatory disease in the
population. In the document it is recommended that ‘no
further increase in the average intakes of n-6 PUFA’ occur
and that ‘the proportion of the population consuming in
excess of about 10 % of energy (as n-6 PUFA) should not
increase’. For n-3 PUFA it is recommended that ‘the popula-
tion average consumption of long-chain n-3 PUFA (should
increase) from 0-1 g/d to about 0-2 g/d.
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