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ABSTRACT Differences in dietary fatty acid structure in-

duce marked differences in lipid and lipoprotein concentrations

in plasma from fasting subjects. Under metabolic-ward condi-

tions, replacement of carbohydrates by launic, myristic, and pal-

mitic acids raise both low-density-lipoprotein (LDL) and high-

density-lipoprotein (HDL) cholesterol whereas steanic acid has

little effect. Oleic and linoleic acids raise HDL and slightly lower

LDL: all fatty acids lower fasting triglycerides when substituted

for carbohydrates. Trans monounsatunates lower HDL and raise

LDL and lipoprotein(a). The fatty acids in unhydrogenated fish

oil potently lower triglycerides, with variable effects on LDL. Of

the commercial fats, palm-kernel and coconut oil are the most

hypencholesterolemic. followed by butter and palm oil. Repace-

ment of hard fats rich in launic, myristic, or palmitic acids or

trans fatty acids by unsaturated oils will lower LDL, but replace-

ment by carbohydrates will in addition decrease HDL and in-

crease triglycerides. In free-living subjects, high-oil diets could

lead to obesity, undoing the favorable effects on HDL and tri-

glycerides. Am J C/in Nutr 1994;60(suppl):lOl7S-22S.

KEY WORDS Dietary fatty acids, serum cholesterol, serum

HDL, serum triglycerides, dietary carbohydrates.

Introduction

Dietary triglycerides may differ from each other in many as-

pects: the chain lengths of their constituent fatty acids, the num-

ber and position of double bonds, the geometry (cis or trans) of

these double bonds, and the distribution of fatty acids over the

three possible attachment sites on the glycerol molecule. Plasma

lipid concentrations from fasting subjects are quite susceptible to

the nature and amount of dietary lipid (1, 2). This may be con-

trasted with the concentration of plasma proteins, which remains

constant over a wide range of protein intakes; also, people eating

high- or low-carbohydrate diets have roughly similar fasting

blood sugar concentrations as long as their body mass index and

physical activity level are comparable.

Although the mechanisms through which dietary fats affect

serum lipoprotein concentrations are still in the process of being

clarified (3, 4), there are sufficient empirical data to allow us to

predict how plasma lipid and lipoproteins in humans will change

when the amount and quality of fat in the diet are changed. This

paper reviews the effects of various fatty acids and food fats on

blood lipids and lipoproteins.

Saturates, oleic acid, and linoleic acid

The fatty acids that occur most commonly in human diets are

listed in Table 1. It is for these fatty acids that most of the in-

formation regarding effects on plasma lipids and lipoproteins is

available. We previously summarized, in a meta-analysis, the re-

suIts of 27 well-controlled trials on dietary fatty acids and plasma

lipoproteins (2). This analysis resulted in equations that predict

the effect of the major classes of fatty acids on plasma lipoprotein

concentrations in man under controlled conditions. Fat provides

energy, and if a particular fatty acid is added to the diet, an equiv-

alent amount of some other energy-yielding food component

must be removed or the subject will gain weight. Thus the effect

of a certain amount of energy provided by a specific fatty acid

can only be expressed relative to a similar quantity of energy

provided by another dietary component that serves as a reference.

The choice of the reference component is arbitrary; in Figure 1

the effects of fatty acids are calculated for when they replace

carbohydrates, as is customary, and in Figure 2 they are calcu-

lated relative to saturated fatty acids. Figure 1 represents the

changes that may occur when people habitually consuming a

low-fat diet, such as the rural Chinese, are switched to diets

higher in fat, whereas Figure 2 represents the average US diet in

which over the past 30 y part of the saturated fatty acids have

been replaced by other fatty acids or carbohydrates. The choice

of a reference can be a major source of confusion; thus the effect

of olive oil on total serum cholesterol is neutral when it replaces

carbohydrates (Fig I ) but cholesterol lowering when it replaces

saturated fatty acids (Fig 2).

As shown in Figure 1, replacement of carbohydrates by fat

raises high-density lipoprotein (HDL), the effect being more

marked the more saturated the fat. Increasing the dietary fat in-

take also decreases the fasting concentration of neutral fat (tn-

glycerides) in blood plasma; dietary saturates, monounsaturates,
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I)aily inLike 01 the in�iJor dietary latty acids in middle-aged men in

four countries

Intake

United

Fi oland Netherlands States Japan

gui

Saturated f:itty acids

Lauric acid ( I 2:0) 4 2 2 0. I

Myristic acid ( I 4:0) I 2 8 6 0.9

Palniitic acid ( I 6:0) 38 30 30 8

Stearic acid ( I 8:0) 20 I 5 14 3

Monounsaturated fatty acids

Oleicacid(18:lii--9) 40 29 37 10

irons 16:1 and 18:1 5 8 4 0.2

Polyunsaturated fatty acids

Linoleicacid(18:2n-6) 8 12 17 8

s-Linolenic acid (18:3n-3) 2 2 2 I

EPA (20:Sn-3) 0.4 0.3 0. I 0.7

DHA (22:fin-3) 0.3 0.1 0.1 0.9

I Duplicates of the diets reported in the early 1960s by men partici-

pating in the Seven Countries Study (5) were collected retrospectively

in 1987 and chemically analyzed (D Kromhout. unpublished observa-

tions. 1994). EPA. eicosapentaenoic acid: DHA. docosahexaenoic acid.

2 D Kromhout. unpublished measurements. Data on Finland and Japan

are each means of two regions.

3 Does not include Iralis isomers with chain lengths of 20 and 22

carbon atoms as found in hydrogenated fish oils.

and (n-6) polyunsatunates all produce this effect to about the

same extent.

Effects on low-density lipoprotein (LDL) are markedly differ-

ent, with saturates raising LDL and (n-fl) polyunsaturates (ie,

linoleic acid) slightly lowering it. As a result, oils high in linoleic

acid produce the highest ratio of HDL to LDL but the difference

with monounsatunated oils (oils rich in oleic acid) is relatively

small.

Epidemio/ogic evidence

Data from metabolic-ward studies lasting several weeks should

ideally be consistent with observations on free-living subjects

who have been eating their customary diets for a long time

period. Comparisons of individuals within one population are

handicapped by the problem of reliably estimating small differ-

ences in true long-term fatty acid intakes between individuals.

Still, most published studies do report correlations in the same

direction as seen in controlled trials Leg, (6); for a review see

Berns et al (7)1. Specifically, the HDL-Iowering effect of high-

carbohydrate diets is seen quite regularly when comparing

individuals within affluent populations [(8- 10); for a review

see (12)].

Comparisons of population means offer the advantage of large,

stable differences in intake but the disadvantage of confounding

by other lifestyle factors that accompany differences in dietary

fat consumption. Keys et al (13) selected 16 cohorts of � 1000

men, from seven countries, with large differences in cholesterol

concentrations. They found that the differences in mean cohort

cholesterol concentration could be predicted from the men’s diets

and that differences in coronary heart disease rates agreed with

FIG I . Predicted changes in serum lipids and lipoproteins when I #{176}k

of dietary carbohydrates is replaced by fatty acids of a particular class

(carh to sat. mono, or poly) under isoenergetic metabolic-ward or equiv-

alent conditions (2). #{149}.Saturated: U. monounsaturated: �. polyunsatu-

rated: U. carbohydrate. Regression equations for the different lipopro-

teins (mmolIL) are as follows: �LDL cholesterol = 0.033 x (carb to

sat) - 0(8)6 x (carb to mono) - 0.014 x (carb to poly): �HDL cho-

lesterol = 0.012 x (carb to sat) + 0(8)9 x (carb to mono) + 0(8)7

x (carh to poly): �s ratio of HDL to LDL cholesterol = 0(88) X (carb

to sat) + 0.0f�3 x (carh to mono) + 0(8)5 x (carb to poly); Atotal

cholesterol (chol) = 0.039 x (carb to sat) - 0.0()3 X (carb to mono)

- 0.015 x (carb to poly): and L�triglycerides (TG) = -0.025 x (carb

to sat) - 0.022 x (carb to mono) - 0.028 X (carb to poly).

contrasts in diet and in cholesterol concentrations. However, the

absolute extent of differences in cholesterol associated with dif-

ferences in diet was much larger in the Seven Countries Study

( 14) than those seen in controlled metabolic-wand studies (2).

Evidently other factors or long-term effects of diet played an

additional role in shaping cholesterol concentrations.

The effects of dietary fats vs carbohydrates on HDL and tn-

glyceride concentrations seen in controlled trials have also been

confirmed by epidemiologic studies of population means (10,

15). In children, high-carbohydrate diets are associated not only

with lower LDL but also with lower HDL concentrations than

are high-fat diets (10, 16). In adults the effects on HDL, and

presumably also on triglycerides, are attenuated by the higher

body fatness associated with affluent diets and lifestyles

(10, 16).

FIG 2. Predicted changes in serum lipids and lipoproteins when 1%

of dietary saturated fatty acids is replaced by fatty acids of a particular

class or by carbohydrates under isoenergetic metabolic-ward or equiva-

lent conditions. �, saturated; D, monounsaturated; �, polyunsaturated;

LI, carbohydrate. Chol, cholesterol: TG, triglyceride.
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EFFECTS ON BLOOD LIPIDS: OVERVIEW lOl9S

Weight gaiti and obes�v

In metabolic-ward studies in which body weight is forcibly

kept constant, diets high in oils produce more favorable plasma

lipoprotein profiles than do high-carbohydrate, low-fat diets. In

clinical practice, however, allowing patients the unrestrained

consumption of dietary oils entails a risk of energy overcon-

sumption and weight gain, which would reverse the beneficial

effects of high-oil diets on HDL and triglycerides. Obesity will

also increase blood pressure and diabetes risk. In population com-

parisons, high-fat diets and obesity often go hand in hand. How-

even, such associations do not prove causality, and differences in

activity could be an important confounder. Controlled trials of

fat-restricted diets have produced only modest losses in body

weight ( I 7). and long-term effects are uncertain.

Particular fatty acids

Most publications on the effects of fats on plasma lipids and

lipoproteins have not reported the intakes of individual dietary

fatty acids. However, interest in and information on individual

fatty acids is now rapidly accumulating. Various fatty acids of

interest are discussed below, and recent findings on individual

fatty acids are summarized in Figure 3.

Lauric. mvristic. and pa/mitic acids

The major saturated fatty acids in most human diets are pal-

mitic acid ( 16:0) followed by stearic, mynistic, and launic acids

(Table 1 ). In mixed diets, launic, mynistic, and palmitic acids

combined usually are 60-70% of all saturates, and they are the

fatty acids responsible for the cholestenol-raising effect of satu-

rates. Their relative cholesterol-naising potential has been contro-

versial (2, 1 8, 24-29). Some investigators reported that palm oil,

which is rich in palmitic acid, causes remarkably lower choles-

terol concentrations than does coconut oil, which is rich in lauric

and mynistic acid (26, 27, 29). Ng et al (28) therefore suggested

that mynistic acid is the major contributor to the cholestenol-nais-

ing effect of saturated fatty acids and that palmitic acid may be

neutral, just like stearic and oleic acid. This is, however, contra-

dicted by the results of many well-controlled studies in which

palmitic acid was shown to raise LDL cholesterol relative to oleic

acid (I 8-21 , 30). It thus appears that palmitic acid from palm

oil is indeed a cholesterol-naising saturated fatty acid.

The effect of lauric acid ( 12:0) was reevaluated recently.

Denke and Grundy ( 1 8) found that the cholesterol-raising poten-

tial of dietary lauric acid was about two-thirds that of palmitic

acid, whereas Temme et al (3 1) concluded that a diet rich in lauric

acid caused higher HDL-, LDL-, and total cholesterol concentra-

tions than did a diet rich in palmitic acid.

Myristic acid has long been suspected of being the most cho-

lesterol raising of all fatty acids. Hegsted et al (24), who pio-

neered this field, drew this conclusion from a multiple-regression

analysis of a series of controlled trials; our recent meta-analysis

(2) also suggested that myristic acid may be four to six times

more cholesterol raising than palmitic acid is. However, in edible

fats, high concentrations of myristic acid are invariably associ-

ated with high concentrations of either lauric acid, such as in

coconut oil, or palmitic acid, such as in butter. These associations

may invalidate multiple-regression analyses through collinearity,

which causes spuriously high or low regression coefficients.

McGandy et al (25) studied the effect of mynistic acid directly

FIG 3. Effects of individual dietary fatty acids on serum total (U) and

LDL (�) and HDL (#{149})cholesterol when l9� of energy from carbohy-

drates in the diet is replaced by I #{176}/of energy from the fatty acid in

question. The values for lauric acid ( I 2:0) are based on reference I 8:

myristic acid ( 14:0) on reference 19: palmitic acid ( 16:0) on references

18-21 : stearic acid ( I 8:0) on references 21 and 22: and monounsaturated

trans-fatty acids ( I 8: 1-twos) on references 22 and 23. Data for oleic acid

( I 8: 1-cis) and linoleic acid ( I 8:2) are based on regression coefficients

derived from a meta-analysis of 27 trials (2). These latter values were

also used to calculate the effects of the fatty acids observed in each trial

relative to carbohydrates. Figure reproduced from reference 19 with per-

mission (copyright 1994. American Heart Association).

by using specifically synthesized fats but did not reach a conclu-

sion. Recently we fed a special fat rich in mynistic acid to a large

number of volunteers in a well-controlled trial (19). We found

that mynistic acid is about I .5 times as cholestenol-naising as pal-

mitic acid, which is much less than the factor of four to six sug-

gested by meta-analysis (2. 24). In addition, half of the effect of

myristic acid on cholesterol was due to HDL.

These data suggest that there may be differences in the cho-

lestenol-naising potential among launic, mynistic, and palmitic ac-

ids but that these differences are modest; all three clearly raise

LDL cholesterol compared with unsaturated fatty acids.

Stearic acid

The studies of Ahnens et al (32), Keys et al (33), and Hegsted

et al (24) as well as more recent studies (21, 22, 34) showed that

the effect of stearic acid on total cholesterol is much less than

that of lauric, myristic, and palmitic acids and more closely ap-

proximates the effect of oleic acid. The more recent trials also

reported a modest decrease in HDL for stearic acid relative to

unsatunates (21, 22, 34). Thus, stearic and oleic acids have similar

effects on total and LDL cholesterol, but they might not be corn-

pletely equivalent regarding HDL.

Tnansfattv acids

Trans and cis isomers of oleic acid (Fig 4) are produced during

the hydrogenation of linoleic and a-linolenic acid, either in the

rumen of the cow or in oil-hardening factories. Such trans fatty

acids have effects on serum lipoproteins markedly different from

those of their natural cis isomer, oleic acid. Trans fatty acids raise

LDL concentrations and, less consistently, decrease plasma HDL

concentrations (22, 23, 35, 36). In some (35, 37) but not all (36)

studies they also raised the plasma concentrations of lipopro-

tein(a), an athenogenic lipoprotein (38) that was hitherto thought

to be impervious to dietary effects. Thus the overall effect of
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I ()20S KATAN ET AL

STRUCTURE OF CIS AND TRANS FATTY ACIDS

H H

�C,0
�0H

c/s double bond oleic acid

H

trans double bond : etaidic acid

FIG 4. Structure of(is and trails I8:ln-9. Partially hydrogenated fats

contain a mixture of positional isomers of which I 8: ln-9 (elaidic acid)

is one.

tran.s I 8: 1 fatty acids on plasma lipoproteins is unfavorable.

However, many people eat no more than a few grams of tratis

fatty acids pen day and such quantities have only modest effects

on lipoprotein concentrations.

In addition to partially hydrogenated vegetable oils, partially

hydrogenated fish oils are an important source oftrans fatty acids

in the Netherlands, Norway. the United Kingdom. and South Af-

rica. Such hardened fish oils contain mainly trans isomers with

a chain length of 20 on 22 rather than I 8 carbon atoms. Their

effects on lipoproteins in humans have not been studied in depth

and could conceivably be quite different from those of elaidic

acid (trans 18: 1n-9/L�’) and its isomers.

Eicosapentaenoic acid and docosahexaenoic acid

Eicosapentaenoic acid (EPA; 20:5n-3,n-6,n-9,n- 12,n - 15)

and docosahexaenoic acid (DHA; 22:6n-3,n-6,n-9,n- 12,

n- l5,n- l8)typically occur in fatty fish and unhydnogenated fish

oil. The effects of these very-long-chain (n-3) polyunsaturates

on LDL concentrations are controversial. Some studies find LDL

to be lowered but several other studies show that fish oils raise

LDL and apoprotein B (39-43), and similar results were reported

for fatty fish (44). Fish oil and fatty fish do, however, have a

favorable effect on serum triglycerides and very-low-density Ii-

poprotein (VLDL), which are lowered by intakes of only a few

grams of fish oil per day. Whether this effect is responsible for

the lower incidence of coronary heart disease that has been seen

in fish-eating people in epidemiologic studies (45) remains Un-

clear; fish oils can also modulate many other physiological pro-

cesses, including blood platelet function. A report that fish oil

lowers lipopnotein(a) (46) has not been confirmed.

Predicted effects of individual fats and oils on plasma
lipids

We applied the predictive formulas (2) described above (Fig

1 ) to rank commercially available oils by their effect on plasma

lipids and lipoproteins. As a reference diet we chose one that

provided 9600 kJ/d (2300 kcal/d), 100 g fat/d (41 g saturated,

38.5 g monounsaturated. and 17.3 g polyunsaturated fatty acids),

and 290 mg cholesterol/d (of which I 50 mg was associated with

animal fats and another 140 mg was provided by foods such as

eggs and lean meat). These values are close to the average intakes

of the 5898 subjects in the Dutch National Nutrition Surveillance

(47). Similar intakes were reported in other affluent Western pop-

ulations (48, 49) and the diet in developing populations is moving

in the same direction. We calculated the predicted average

changes in the plasma lipoproteins of healthy Dutch men when

all l()0 g fat in this diet plus its associated 150 mg cholesterol

were to be replaced by a particular fat. Such total replacement is

of course not a realistic situation, but it elucidates the calcula-

tions: the effects of more realistic degrees of replacement can be

easily derived from those of total replacement because effects of

fats on serum lipids and lipoproteins appear to be roughly linear

with dose (2).

The effects of saturated, monounsaturated, and polyunsatu-

rated fatty acids were calculated with the equations of Mensink

and Katan (2) and the effect ofdietary cholesterol on total plasma

cholesterol was calculated with the Keys equation (33); values

for the composition of fats were derived from the US food table

(50). The equations of Mensink and Katan (2) used total saturates

as the dietary variable because not enough information was avail-

able on the amounts of launic, mynistic. and palmitic acids fed in

the various trials. In mixed diets such as used in the studies on

which the equations were based (2). the sum of the cholesterol-

raising fatty acids lauric, mynistic, and palmitic acids usually is

�0.67 times the sum of all saturated fatty acids. In contrast, for

individual fats and oils this ratio can range from 0.43 for cocoa

butter to 0.91 for palm and cottonseed oil; as a result, using total

saturates would give incorrect predictions for the effects of in-

dividual fats and oils on plasma cholesterol. In calculating effects

of individual fats and oils on lipoprotein concentrations we there-

TABLE 2

Predicted effect on serum lipids when I fX) g of a particular fat replaces

all the fat plus fat-associated cholesterol ( I 50 mg) in an average Dutch

diet’

�HDL 2�LDL �TC �TG

1,UflOI/L l,ngldLl

Palm-kernel oil 0.1 151 0.9 1351 1.0 1391 -0.2 1-211
Coconut oil 0.1 141 0.9 1341 1.0 1371 -0.2 1-151

Butter oil 0.0 1I I 0.4 1151 0.4 1I 71 0. 1 151
Palm oil 0.1 121 0.3 1I I I 0.3 I 21 -0.2 1-141
Menhaden oil -0.1 1-21 0.2 171 0.2 181 -

Beef tallow 0.0 1- I I 0. 1 131 0. 1 141 0. I 181
Average Dutch diet 0.0 101 0.0 101 0.0 101 0.0 101
Mutton tallow 0.0 1-21 0.0 1 1 1 0.0 I I I 0. 1 1101
Lard 0.0 I-Il -0.1 1-21 -0.1 1-21 0.0 141
Cocoa butter -0. I I -41 0.0 1-21 -0. 1 1-31 0.2 12 11
Chicken fat 0.0 1-lI -0.2 1-61 -0.2 1-71 0.0 1-21
Cottonseed oil 0.0 1-21 -0.3 1- 121 -0.4 1- 151 -0.1 1-131
Olive oil 0.0 1-21 -0.5 1-171 -0.5 1-191 0.0 131
Carbohydrates -0.4 1- 161 -0.4 1- 17J -0.6 1-241 0.9 1821

Corn oil -0.1 1-31 -0.6 1-241 -0.7 1-281 -0.1 1-81
Soybean oil -0.1 1-41 -0.6 1-241 -0.7 1-291 -0.1 1-61
Rapeseed, no 22:1 -0.1 1-31 -0.7 1-261 -0.8 1-291 0.0 III
Sunflower, >60% 18:2 -0.1 1-51 -0.7 1-281 -0.9 1-341 -0.1 1-51
Safflower, >70% 18:2 -0.1 I-SI -0.8 [-291 -0.9 1-361 -0.1 1-81

I Only laurie, mynstic. and palmitic acids were counted as cholesterol raising

(see legend to Fig 5). TC, total cholesterol: TG. triglyceride.

2 Fish oils cause a marked lowering of triglycerides, but in the absence of meta-

analytical data no figure is given.
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FIG 5. Predicted changes in serum cholesterol concentration when all

the fat in an average Dutch diet is replaced by a particular fat or oil. The

reference diet is similar to the average diet reported by 5898 Dutch men

and women aged I -74 y in the Dutch National Nutrition Surveillance

1987/1988 (47). The average diet provides 100 g fat/cl. 300 mg choles-

terol/d. and 96(8) kJid (23(8) kcal/d). It was postulated that 150 mg cho-

lesterol was provided by fats and is thus removed when fat is replaced.

and 140 mg is provided by eggs. lean meats, etc. and is not removable.

The effects of fatty acids were calculated from the equations of Mensink

and Katan (2), modified to take into account that only lauric, myristic.

and palmitic acids raise cholesterol whereas other saturated fatty acids

do not. Therefore, saturated fatty acids were replaced by I .5 x (c- I 2

+ c-l4 + c-16 fatty acids). The effect of dietary cholesterol on serum

cholesterol was calculated by using the Keys equation (5 1 ). To calculate

the effect of dietary cholesterol on separate lipoproteins, 75% of the total

effect was assigned to LDL and 25% to HDL. Compositions of fats were

derived from USDA handbook 8-4 (50).

of individual fats and oils on lipoprotein concentrations we there-

fore replaced total saturates in the Mensink and Katan equations

by 1.5 x (launic + mynistic + palmitic acids), and we set the

effects of other saturates, including steanic acid, equal to those

of carbohydrates.

There are no equations for the separate effects of dietary cho-

lestenol on HDL-, LDL-, and VLDL-cholestenol concentrations.

However, most authors agree that dietary cholesterol raises both

HDL and LDL cholesterol, with the bulk of the change being

due to LDL. We therefore assigned 75% of the effect of dietary

cholesterol on serum cholesterol to LDL and the remaining 25%

to HDL. This division is somewhat arbitrary, but the ranking of

fats and oils by their effects on LDL was not very sensitive to

the partitioning of the effect of dietary cholesterol oven HDL

and LDL.

Table 2 and Figure 5 depict the predicted changes in plasma

total cholesterol when all the fat plus its associated 150 mg cho-

lesterol in the average Dutch diet is replaced by a particular fat

on oil. The launic oils, coconut and palm-kernel oil, top the list,

followed by butter fat and palm oil. The lowest cholesterol values
are obtained with rapeseed oil and the seed oils rich in linoleic

acid. Effects on LDL parallel those on total cholesterol. The cho-

lesterol-lowering oils also cause a decrease in HDL, but the oven-

all effect on the ratio of HDL to LDL is still favorable (2). Dif-

ferences in the predicted effects of the various fats on triglyceride

concentrations are modest except for unhydrogenated fish oils,

which have powerful triglyceride-lowering effects. In the ab-

sence of quantitative formulas to calculate these effects of fish

oils, these data have not been incorporated into the tables and

figures; the situation is the same for fats high in trans fatty acids.

Conclusion

As far as the effects of fatty acids on total cholesterol are con-

cerned, the equations of Keys et al (33) and Hegsted et al (24)

have stood the test of time. Recent studies find a somewhat

smaller effect of polyunsatunates, but overall the consistency of

the results obtained in the l950s and l960s with those obtained

more recently is gratifying and reassuring (2). The major new

development is the effect of fatty acids vs carbohydrates on HDL.

It is now clear that low-fat, high-carbohydrate diets cause not

only lower LDL but also lower HDL concentrations. In clinical

practice this effect may be compensated for by a loss of body fat

in patients on low-fat diets, but this remains to be established.

Also remaining to be established is whether lowering HDL con-

centrations will increase the risk of cardiovascular disease; a

causal link is plausible but not yet proven. A

We are grateful to the staff of the Department of Human Nutrition for

support and advice in performing dietary trials and to Margo Denke for

drawing our attention to the effects of individual fats and oils.
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