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There is a growing database that has evaluated the effects of varying amounts of total fat on
risk factors for cardiovascular disease, diabetes and overweight and obesity. The evidence
clearly suggests that extremes in dietary fat should be avoided, and instead a diet moderate in total
fat (25-35 % energy) is preferable for the majority of individuals. Moreover, we now appreciate
the importance of individualizing dietary fat recommendations within this range of total fat. With
respect to cardiovascular disease, a diet higher in total fat (30-35 % energy) affects the lipid and
lipoprotein risk profile more favourably than a lower-fat diet; this is also the case for individuals
with diabetes, with the added benefit of better glycaemic control. Dietary fibre (>25g/d)
attenuates and even prevents the potentially adverse lipid and lipoprotein effects of a lower-fat
diet. With respect to weight control, a moderate-fat diet can be as, or even more, effective than a
lower-fat diet, because of advantages with long-term adherence and potentially favourable effects
on lipids and lipoproteins. Thus, there is now a convincing scientific basis to advocate a diet
moderate in total fat for the majority of individuals. Implicit to this position is that unsaturated fat
has numerous beneficial health effects. However, because fat is energy dense, moderation in fat
intake is essential for weight control. Consequently, a simple message to convey is to avoid diets
that are very low and very high in fat. Moreover, within the range of a moderate-fat diet it is still
important to individualize the total fat prescription. Nonetheless, the guiding principle is that
moderation in total fat is the defining benchmark for a contemporary diet that reduces risk of
chronic disease.

Moderate-fat diet: Lipoprotein metabolism: Health benefits: Cardiovascular disease:
Type 2 diabetes: Weight control

Inherent to the evolution of dietary guidance has been the
question of what is the optimal amount of dietary fat that
confers the greatest health benefit? For many years the
objective was to continue reducing dietary fat, because
of the presumed and demonstrated health benefits of a
low-fat diet. However, evidence began to emerge demon-
strating that diets low in total fat were associated with some
potentially adverse effects on chronic disease, as manifested
by their effects on important end-point markers. At the same
time, a number of studies reported that diets higher in total
fat and specifically high in unsaturated fatty acids conferred
unexpected health benefits. As is always the case in science
when evidence is presented that challenges the existing
dogma, spirited debate occurs which can only be resolved

by further research. Moreover, subsequent research needs to
robustly test alternative hypotheses. We are transiting a time
of active research to identify the optimal level of dietary fat
as it relates to risk of various chronic diseases. Different
experimental approaches are being implemented in human
subjects that range from epidemiological to controlled
clinical studies to intervention studies that critically evaluate
the health benefits and risks of varying the type and amount
of fat in the diet.

Historically, it is important to appreciate that total fat
consumption varies markedly among populations
worldwide. For example, the Bantus of Africa consume a
very-low-fat diet providing approximately 10% energy
(% en) from fat, whereas some native Eskimo populations

Abbreviations: CHO, carbohydrate; CVD, cardiovascular disease; % en, percentage energy; MUFA, monounsaturated fatty acids; PUFA, polyunsaturated
fatty acids; RR, relative risk; SFA, saturated fatty acids; TG, triacylglycerols.
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consume more than 60 % en from fat (Smith, 1997). Most
Western cultures consume a diet that lies between these
extremes, providing approximately 2 5 ^ 0 % en (FAO food
balance sheets; Food and Agriculture Organization, 2001),
which still represents an appreciable range in fat intake.
Moreover, there are considerable differences in the fatty
acid profile of these diets, with Western societies
consuming diets high in saturated fat (SFA), whereas
Native Eskimos consume diets high in n-3 fatty acids. The
diversity in the fatty acid profile is important, because of
demonstrated effects on health. Collectively, the population
data in conjunction with other experimental data were
critical in establishing the concept that type and amount of
fat are important considerations for making dietary
recommendations.

As our understanding of the role of type and amount of
fat in the diet, as it relates to health, has progressed, we have
been able to make appropriate and requisite changes in
dietary recommendations. Very recently, we have taken
major steps in modifying our dietary guidelines. Previous
recommendations focused on the population at large, and
delivered a low-fat message. More recently, the US dietary
guidelines (US Department of Agriculture/US Department
of Health and Human Services, 2000) have recommended a
diet moderate in total fat. While the new guidelines continue
to recommend a diet that provides <30 % en from total fat,
no longer is a low-fat diet being emphasized. The newly-
released Adult Treatment Panel Report of the National
Cholesterol Education Program Expert Panel (2001)
recommends a range in fat intake from 25 to 35 % en from
fat, with an emphasis on keeping saturated fat at < 7 % en.
An important aspect of the new guidance is to avoid a
very-low-fat diet, because of possible consequent adverse
health effects, as well as difficulties with adherence. The
previous and newly-released American Heart Association
dietary guidelines (Krauss et al. 2000) support a total fat
recommendation of <30 % en, and recognize the need for
individualizing dietary fat recommendations on the basis of
an individual's clinical profile. Collectively, the new dietary
recommendations acknowledge the health benefits of
unsaturated fat. Thus, the present paper will provide an
overview of the health effects of dietary fat as it relates to
major chronic diseases (e.g. cardiovascular disease (CVD),
diabetes and overweight and obesity) in Western societies.
It is now abundantly clear that dietary fat recommendations
must be individualized. For some individuals a diet lower in
total fat is preferable, whereas for other individuals a
moderate-fat diet is more appropriate to reduce risk of
chronic diseases. Further research is needed to optimize
guidance for both lower- and higher-fat diets to maximally
reduce risk of chronic diseases.

Cardiovascular disease

Epidemiological studies

Based on the epidemiological studies reported to date, there
is some evidence that total fat is associated with CHD,
whereas other reports have not observed an association. In
the studies that do report a significant positive association,
however, the strength of the relationship is relatively

modest, especially compared with that reported for type of
fat and dietary cholesterol. In the Seven Countries Study
(Keys, 1970) there was a modest positive association
between % en from total fat and CHD deaths and
infarctions (r 0-40). Furthermore, there was a significant
relationship between % en from SFA and CHD deaths and
infarctions (r 0-84) and 10-year incidence of CHD (r 0-80;
Keys et al. 1986). In addition, dietary cholesterol was
positively associated with incidence of CHD (r 0-81). The
Honolulu Heart Program (McGee et al. 1985) reported a
weak association (r 0-247, P<005) between % en from
total fat and mortality from CHD after adjusting for age,
systolic blood pressure, BMI, physical activity index, and
number of cigarettes smoked per d, in a population of
Japanese men (n 1088) residing in Honolulu. The % en from
SFA was significantly related to CHD mortality after
adjusting for CHD risk factors (p coefficient 0-255,
P < 005). The Framingham Heart Study (Posner et al. 1991)
also showed that after adjusting for CHD risk factors there
were positive associations between % en from total fat and
incidence of CHD over 16 years in men aged 45-55 years
(P coefficient 0-035, P = 0-05). There were positive
associations between total energy from SFA and from
monounsaturated fat (MUFA) and incidence of CHD
(p coefficient 0-047, P = 0-052 and P coefficient 0071,
P = 0-004 respectively). There were no associations between
total fat and incidence of CHD in the older (55-65 years of
age) population of men. A recent study by Suh et al. (2001)
found a significant association between total fat and IHD in
Korean men. After adjusting for IHD risk factors, % en from
total fat was positively associated with IHD (odds ratio 1 -08
(95 % CI1-02, 114)). When examining quartiles of total fat
intake and risk of IHD there was a trend for an association
between total fat and IHD risk; however, this association did
not attain significance until total fat intake (as % total en)
was >25%. Suh et al. (2001) also examined whether the
type of fat affects risk of IHD. In multivariate analyses,
when total fat was not controlled for (but IHD risk factors
were), SFA intake and MUFA intake were both positively
associated with IHD risk (odds ratio 1-15 (95% CI 102,
1-30) for SFA, odds ratio 1-12 (95% CI 101, 1-25) for
MUFA). However, after adjusting for total fat intake, these
associations were not significant, possibly due to low
intakes and narrow ranges of individual fatty acids (6-7 %
en from SFA, 6-4-7-5 % en from MUFA, 4-1^-4 % en from
polyunsaturated fatty acids (PUFA)).

Several studies have not reported an association between
total fat and risk of CHD. The Nurses' Health Study (Hu
et al. 1997) examined the relationship between total fat and
risk of CHD in women, and found that after adjusting for
CHD risk factors there was no association between total fat
intake and risk of CHD (relative risk (RR) 102 (95% CI
0-97, 107)). There was a trend, however, for a positive
association between SFA intake and CHD risk (RR 1-17
(95% CI 0-97, 1-41), P = 0-10), and there were inverse
associations between MUFA intake and PUFA intake and
risk of CHD (RR 0-81 (95% CI 0-65, 100), P = 005 for
MUFA; RR 0-62 (95 % CI 0-46, 0-85), P = 0-003 for PUFA).
The Zutphen Study (Kromhout & Coulander, 1984), also,
did not find an association between total fat intake and
10-year mortality from CHD in middle-aged men (n 871).
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The epidemiological studies, in general, show that type of
fat is important in establishing CHD risk, and that total fat
seems to be of lesser consequence. However, there is
evidence that a low-fat diet may actually increase risk of
ischaemic stroke. The Framingham Heart Study (Gillman
et al. 1997) examined the association between dietary fat
and risk of ischaemic stroke during 20 years of follow-up
in men. After adjusting for age, for every increasing quintile
of total fat, SFA and MUFA there was a decrease in risk
of ischaemic stroke (P = 0-008, P = 0-002 and P = 0-008
respectively). Furthermore, after adjusting for CHD risk
factors, for every 3 % increase in total fat there was a 15 %
decrease in risk of ischaemic stroke (P = 0-002), and for
every 1 % increase in energy from SFA as well as
MUFA, risk of ischaemic stroke decreased 9 and 11 %
respectively (P = 001 and P = 0-003). Similar findings
were also observed in the Honolulu Heart Program
(McGee et al. 1985), which showed an inverse association
between % en from total fat and from SFA and mortality
from stroke (r -0-302 and -0-366 respectively, P<005) .
These studies suggest that there may be unintended health
consequences (i.e. ischaemic stroke) associated with
lowering total fat too much.

Clinical studies

Some of the early clinical studies (Dayton et al. 1969;
Leren, 1970; Turpeinen et al. 1979) demonstrated beneficial
effects of a diet higher in total fat (> 35 % en) from PUFA
that were also low in SFA on primary and secondary
prevention of IHD (or CHD) (Table 1). Dietary cholesterol,
also, was lower in the treatment groups. These studies
were the first to demonstrate a marked decrease in serum
cholesterol levels (-13 to -16%) and a concomitant
decrease in cardiovascular events in response to diet. In
contrast, the Research Committee of the Medical Research
Council (1968) trial failed to observe a decrease in coronary
events, despite a 16% decrease in serum cholesterol levels
in subjects on a diet high in PUFA. The finding of a
decreased incidence of cardiovascular events in the early
studies of cholesterol-lowering with diets higher in total fat
and PUFA (and lower in SFA and cholesterol) is not
surprising given the magnitude of cholesterol reduction
(Holme, 1990).

In more recent studies, a diet lower in total fat has been
shown to beneficially affect the incidence of recurrent
coronary artery disease (Ornish et al. 1998; de Lorgeril et al.
1999). In the Lyon Diet Heart Study (de Lorgeril et al.
1999), the experimental group followed a diet lower in total
fat (i.e. 30 % en v. 34 % en) and SFA (8 % en v. 12 % en) and
higher in a-linolenic acid (0-8 % en v. 0-3 % en) compared
with the usual-care group. Surprisingly, there were no
differences in plasma lipids and lipoproteins between the
experimental and usual-care groups. Nonetheless, there was
a remarkable decrease (about 70 %) in all coronary events in
the experimental group starting after 1 year of follow-up. In
a more restrictive diet approach combined with a total life-
style intervention programme (vegetarian diet that provided
< 10 % en from total fat) there was a decrease in percentage
diameter stenosis and the number of cardiac events during
the 5-year follow-up (Ornish et al. 1998).

Thus, there is evidence that across the spectrum of fat
intake ranging from < 10 % en to approximately 40 % en a
beneficial effect on incidence of cardiovascular events can
be realised by diet provided that SFA and cholesterol are
low. It is likely that multiple mechanisms are involved,
given that event incidence decreased in studies that reported
both a decrease and no change in serum cholesterol levels.

Clinical studies have evaluated the effects of amount of
dietary fat (and reciprocally dietary carbohydrate (CHO)) on
a number of risk factors for CVD (Kris-Etherton et al.
1999). The evidence is clear that SFA and cholesterol
should be decreased in the diet. The ensuing question is
what is the preferable replacement for SFA energy in the
diet? Alternatively, in the case of a hypoenergetic diet (due
to a decrease in SFA) what is the ideal macronutrient profile
of the diet? A number of controlled clinical studies have
been done to evaluate diets higher in total fat from
unsaturated fat, principally MUFA, v. lower-fat diets (both
low in SFA). Both diets evoke beneficial effects on some
risk factors of CVD, which has resulted in the current
discussion of whether one diet is preferable or, alternatively,
can both be used in a way that is determined by an indi-
vidual's clinical profile?

These questions were addressed in the Dietary Effects on
Lipoproteins and Thrombogenic Activity Study, a multi-
centre study designed to rigorously evaluate the effects of
type and amount of dietary fat on lipids, lipoproteins and
thrombogenic activity in different population groups. Two
different protocols were conducted and three diets were
evaluated in each protocol using a randomized, crossover
study design: (1) protocol 1 evaluated the effects of a step-
wise reduction in total fat and SFA (replaced isoenergeti-
cally with CHO) in healthy subjects (total fat decreased
from 37 to 30 % en, and further to 26 % en; SFA decreased
from 16 to 9 % en, and further to 5 % en); (2) protocol 2
assessed the effects of substituting either MUFA (37 % en
from total fat, 22% en from MUFA, and 47% en from
CHO) or dietary CHO (30 % en from total fat, 15 % en from
MUFA, and 54 % en from CHO) for SFA on lipids, lipo-
proteins and haemostatic factors in subjects presenting with
indicators for metabolic syndrome (low HDL-cholesterol,
high triacylglycerols (TG) and/or high plasma insulin
levels). As expected in protocol 1 step-wise reductions in
SFA (from 16 to 9 to 5 % en) resulted in a corresponding
decrease in LDL-cholesterol by 6-9 and 10-7 % respectively
(Ginsberg et al. 1998). However, the reduction in SFA was
associated with a decrease in HDL-cholesterol (7 and 12 %
respectively) and an increase in TG levels (8 and 9%
respectively) as well as lipoprotein(a) levels (10 and 17%
respectively), all changes that could potentially increase risk
of CVD. The lowering of HDL-cholesterol was the result of
a decrease in both large (HDL2 and HDL2b) and small dense
HDL sub-populations; the most pronounced decrease
observed was for HDL2 and HDL2b (Berglund et al. 1999).
In protocol 2 substituting MUFA (37 % en from total fat,
22 % en from MUFA and 47 % en from CHO) v. CHO (30 %
en from total fat, 15 % en from MUFA and 54% en from
CHO) for SFA resulted in a similar decrease in LDL-
cholesterol (—6-3 % v. —7-0%), however, the low-fat high-
CHO diet decreased HDL-cholesterol by 7-7% and
increased TG by 6-9 % (Kris-Etherton, 1996). In contrast,
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the diet high in MUFA decreased TG by 4-6 % and resulted
in only a modest decrease in HDL-cholesterol (by 4 1 % ;
Kris-Etherton, 1996). With respect to haemostatic factors in
protocol 1, reductions in SFA (from 16 to 9 to 5% en)
resulted in a modest but significant decrease in Factor VIIC.
(1-6 and 2-5% respectively) and small increases in fibrin-
ogen (11 and 2-6 % respectively) and plasminogen activator
inhibitor-1 (10 and 9-4% respectively; P < 0 0 1 ; Elmer et
al. 1995). In protocol 2 reducing SFA decreased Factor VIIC

by approximately 3 %; however, the diet high in MUFA did
not increase fibrinogen, whereas the low-fat diet did
(increased by 4-2%; Elmer et al. 1996). Thus, the Dietary
Effects on Lipoprotein and Thrombogenic Activity Study
demonstrated that a low-fat diet, was associated with poten-
tially adverse effects on important risk factors for CVD.

Another possible adverse effect of a low-fat diet has been
reported by Krauss & Dreon (1995). They found that about
one-third of individuals who present with large buoyant
LDL (pattern A) experienced a shift to a pattern B LDL
profile (smaller denser LDL) in response to a low-fat diet.
This shift may increase risk of CVD, because the available
evidence suggests that smaller denser LDL are more
atherogenic. These investigators showed, however, that a
low-fat diet may be preferable in individuals with a stable B
LDL profile, since they experienced greater reductions in
LDL-cholesterol, apolipoprotein B and mass of mid-sized
and small LDL subfractions. Other evidence that a low-fat
diet may be preferable is based on the study by Asztalos
et al. (2000). These investigators found that subjects with
low HDL-cholesterol experienced the greatest decreases in
LDL-cholesterol with no change in HDL-cholesterol,
resulting in an improved LDL:HDL. In subjects with higher
HDL-cholesterol, LDL:HDL did not change on a low-fat
diet, due to a decrease in both LDL- and HDL-cholesterol.
Thus, for some individuals a low-fat diet may be preferable,
whereas for others a diet higher in total fat clearly would be
preferred (for review, see Krauss, 2001).

The role of dietary fibre

The hypertriacylglycerolaemic response to a diet low in
total fat and high in CHO, but low in fibre, has been
documented over the past 50 years (Parks & Hellerstein,
2000). In fact, efforts to decrease total fat in the diet in
recent years are thought to have increased CHO-induced
hypertriacylglycerolaemia in many individuals (Anderson,
2000). Recently, elevated levels of blood TG have been
considered an independent risk factor for CHD (Cullen,
2000). A meta-analysis concluded that a 1 mmol/1 increase
in TG levels is associated with a 76 and 31 % increase in
CVD risk in women and men respectively (Austin, 1999).
Thus, prevention of hypertriacylglycerolaemia through diet
manipulations has become an important concern regarding
public health.

Epidemiological evidence confirms the association of a
high dietary fibre intake and lower risk of CHD (Rimm et al.
1996). Soluble fibres, such as P-glucan, pectin and psyllium,
have been shown to reduce total cholesterol and
LDL-cholesterol beyond what is expected on a cholesterol-
lowering diet (Brown et al. 1999). In addition, evidence is
emerging that fibre, particularly the soluble type, may play a

therapeutic role in preventing the hypertriacylglycerolaemic
response to a high-CHO diet (Anderson, 2000).

Anderson (2000) reviewed fourteen studies to evaluate
the extent to which dietary fibre attenuates CHO-induced
hypertriacylglycerolaemia. Factors that influence TG levels,
such as weight loss may, however, confound results, making
interpretation difficult. Anderson (2000) consistently found
that high-CHO (60% en from CHO), low-fibre (6g/4-2MJ
(1000 kcal)) diets resulted in higher fasting serum TG levels
by a mean of 53 (95% CI34, 71)%, compared with low-
CHO (<45% en from CHO), low-fibre diets. In contrast,
high-CHO high-fibre (29g/4-2MJ (1000 kcal)) diets
lowered TG by 10 (95% CI - 2 , -17) % compared with
low-CHO (42% en from CHO), low-fibre (7-5g/4-2MJ
(1000 kcal)) diets in diabetic subjects.

A recent study in 436 hypercholesterolaemic subjects by
Obarzanek et al. (2001) lends further support to the
evidence that a high dietary fibre intake prevents
CHO-induced hypertriacylglycerolaemia. A control diet
(50 % en from CHO, 37 % en from total fat, 11 g fibre/d)
was compared with the diet designed for the Dietary
Approaches to Stop Hypertension Trial, which was rich in
low-fat dairy products, fruit and vegetables (58 % en from
CHO, 27 % en from total fat, 30 g fibre/d). The experimental
diet significantly lowered total cholesterol and LDL-
cholesterol (P<00001) without altering plasma TG when
compared with the control diet. Furthermore, Chandalia
et al. (2000) conducted a crossover study in subjects with
type 2 diabetes to assess the effect of a moderate-CHO
(55 % en from CHO) high-fibre diet on lipid levels.
Increasing dietary fibre intake to 22g/4-2MJ (1000 kcal)
resulted in a 10-2 % (P < 002) decrease in fasting serum TG
levels compared with a diet with only 10 g fibre/4-2 MJ
(1000 kcal). In addition, total cholesterol and LDL-
cholesterol also decreased by 6-7 and 12-5% (P<0-02)
respectively, while HDL-cholesterol was not altered.

Diets with a moderate fibre content have a variable effect
on lipid levels. Anderson (2000) reviewed four outpatient
studies which reported that moderate-CHO (57% en
from CHO, 26% en from total fat) moderate-fibre
(19g/4-2MJ (1000 kcal) diets reduced blood TG by 28
(95 % CI - 1 7 , -38) % compared with diets with 45 % en
from CHO, 35% en from total fat and 8-4 g fibre/4-2MJ
(1000 kcal). A crossover study in diabetic men found that
fasting serum TG levels did not significantly change during
a high-CHO (70% en) high-fibre (34g/4-2MJ (1000 kcal))
diet; however, a high-CHO (70% en) moderate-fibre
(12g/4-2MJ (1000 kcal)) diet was associated with a 23%
increase in TG (P<001; Anderson et al. 1980). Garg
et al. (1992) conducted a study comparing the TG
response of two diets matched for fibre content (25 g/d),
but varied in levels of CHO in hypertriacylglycerolaemic
subjects with diabetes. The high-CHO diet (60 % en from
CHO) resulted in a 27-5% (P< 0-002) increase in plasma
TG compared with the low-CHO diet (35% en from
CHO). Thus, further research is needed to define the
optimal value for fibre:CHO in the diet, as well as to
elucidate the mechanism by which dietary fibre averts
elevations in TG.

Based on available evidence, inclusion of high-fibre
foods may attenuate or prevent adverse metabolic effects
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associated with high-CHO diets. In clinical practice, when
implementing a low-fat high-CHO diet recommendations
should be made to simultaneously increase fibre-dense
foods in concert with dietary CHO.

The role of dietary protein

Studies evaluating the effects of dietary macronutrients on
CVD risk factors have manipulated the fat and CHO
contents of the diet while holding protein content constant
(10-20% en). Nonetheless, there is a growing body of
evidence about the effects of dietary protein, from both
animal and plant origin, on CVD risk.

While some epidemiological studies have reported that
animal protein intake is associated with greater CVD-related
mortality (Slattery et al. 1991; Menotti et al. 1999) a
correlation between animal protein intake and SFA and
cholesterol intakes has also been observed (Stamler, 1979).
More recently, results from the Nurses' Health Study found
that high protein intakes (up to 24 % en) significantly
reduced the risk of IHD (RRO-75 (95 % CIO-61, 0-92; Hu
et al. 1999). Perhaps of most interest is that this relationship
persisted in women consuming lower-fat (33 % total en;
RRO-76 (95% CI0-55, 0-16)) and higher-fat diets (42%
total en; RRO-72 (95 % CI 0-52, 1-01)).

Consistent with the epidemiological evidence demon-
strating a beneficial effect of the amount of a higher-protein
diet on risk of coronary artery disease, a controlled clinical
study reported beneficial effects of a higher-protein diet on
plasma lipids and lipoproteins (Wolfe & Giovannetti, 1991).
In this study subjects with moderate hypercholesterolaemia
were randomly assigned to either a high-protein diet
containing 27 % en from protein (79 % animal protein) and
53 % en from CHO or a low-protein diet (11 % en from
protein, 65 % en from CHO). Dietary fat (25 %), cholesterol
(< 200 mg/d) and fibre were held constant. Compared with
subjects on the low-protein diet, subjects on the high-protein
diet experienced a 5-7 % reduction in total cholesterol
(P<0-001) and LDL-cholesterol (P<0-01), 23 % (F<0-02)
reduction in total TG, and a 12% (P<001) increase in
HDL-cholesterol.

There is evidence that protein source is also important. A
meta-analysis of thirty-eight controlled clinical trials
concluded that soyabean intakes ranging from 31 to 47 g/d
significantly reduced total cholesterol by 9-3 %, LDL-
cholesterol (95% CI -329, -135mg/l) by 12-9% (95%
CI - 317, - 11-2 mg/1), and TG by 10-5 % (95 % CI - 257 to
- 3 mg/1), and HDL-cholesterol was increased modestly (i.e.
24%; NS); (Anderson et al. 1995). It is important to note
that this meta-analysis, as well as other studies, confirms
that the hypocholesterolaemic effect of soyabean protein is
dependent on baseline cholesterol levels, with a greater
response observed in subjects with higher baseline
cholesterol levels. However, the results of this study have
been scrutinized recently (Lichtenstein, 2001), and more
recent studies continue to report variable cholesterolaemic
effects of soyabean protein. For example, Crouse et al.
(1999) did not observe any significant changes in total
cholesterol, LDL-cholesterol, HDL-cholesterol or TG with
25 g isolated soyabean protein containing only trace

amounts of soyabean isoflavones/d compared with 25 g
casein/d in mildly hypercholesterolaemic men and women.
On the other hand, a dose-response effect was reported
where 25 g soyabean protein with 62 mg isoflavones signifi-
cantly reduced plasma total cholesterol (4%, P = 004) and
LDL-cholesterol (6%, P = 0Q\) compared with soyabean-
protein diets containing 3-27 mg isoflavones in mildly
hypercholesterolaemic volunteers (Crouse et al. 1999). It
has been proposed that the hypocholesterolaemic effect of
soyabean protein is due to both soyabean isoflavones and
the protein per se.

Other protein sources have been shown to beneficially
affect lipid risk factors for CVD. There have been some
investigations showing that a lean-fish (i.e. cod, sole)
diet compared with a non-fish diet (i.e. beef, veal, pork,
eggs and milk) in diets containing 30 % en from fat and
high in unsaturated fatty acids reduced plasma VLDL-TG
in premenopausal women (Gascon et al. 1996) and
VLDL-TG:apolipoprotein B in men (Lacaille et al. 2000),
and increased HDL2-cholesterol in men (Lacaille et al.
2000). However, Jacques et al. (1992) found that concen-
trations of plasma total cholesterol and HDL- and HDL3-
cholesterol remained unchanged in post-menopausal women
fed a diet rich in lean fish.

A low-SFA higher-protein diet (20-30% en from
protein) could be considered an alternative to more
traditional low-fat high-CHO diets for CVD risk reduction,
particularly in the case of hypertriacylglycerolaemia and
for those who are unable or unwilling to adhere to a
low-fat high-CHO diet. Caution is warranted, however, in
recommending a higher-protein diet. Increasing protein
intake from animal sources such as meat and dairy can result
in increased intakes of SFA and cholesterol if lean meats
and low-fat dairy products are not selected. Thus, plasma
cholesterol levels may be adversely affected and override
any benefit gained from increasing protein in the diet.
Although current research shows a promising role for
dietary protein in CVD risk reduction, more research is
needed to fully elucidate the role of protein in CVD risk
reduction.

Type 2 diabetes

The relationship between dietary fat and glucose
metabolism has been studied in both animals and man. In
early animal studies high-fat feeding resulted in hypergly-
caemia and impaired glucose tolerance; the latter was
associated with decreased basal and insulin-stimulated
glucose utilization (Grundleger & Thenen, 1982; Storlien
et al. 1986). With respect to insulin sensitivity, dietary SFA
has been shown to be more deleterious compared with
MUFA and PUFA. In recent studies (Fickova et al. 1998;
Jucker et al. 1999), adding rc-3 fatty acids to the diets
ameliorated some of the effects induced by feeding a
high-fat diet. In healthy subjects with normal glucose
metabolism no difference between the high-fat v. low-fat
high-CHO diet has been observed. Coulston et al. (1983)
compared a high-fat diet (41 % en from total fat, 40% en
from CHO) with a low-fat diet (21 % en from fat, 60% en
from CHO) in healthy volunteers and no difference in
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fasting plasma glucose and insulin concentrations were
found. In another study conducted by Borkman et al. (1991)
mean whole-body glucose uptake during glucose infusion
and fasting blood glucose and insulin concentrations were
similar in normal subjects who consumed either high-fat
diets (50 % en from total fat) or low-fat diets (20 % en from
total fat). In contrast, Lichtenstein & Schwab (2000)
concluded that high-fat diets, independent of fatty acid
profile, decrease insulin sensitivity. Interestingly, SFA v.
MUFA and PUFA appear to have a more deleterious effect.
Moreover, some of the adverse effects can be attenuated
with n-3 fatty acids. In addition, metabolic studies suggest
that higher-fat diets containing a higher proportion of
unsaturated fat more favourably affect measures of glucose
metabolism than a high-CHO diet (Lichtenstein & Schwab,
2000).

In patients with type 2 diabetes most studies have
reported high-fat diets (i.e. lower in SFA and higher in
MUFA and PUFA) result in greater glycaemic control
compared with high-CHO diets. Coulston et al. (1987)
reported that low-fat high-CHO diets (20 % en from total
fat, 60% en from CHO) resulted in increased glucose
and insulin levels in response to normal meal cycles and
higher daylong blood glucose and insulin concentrations
(Coulston et al. 1989) compared with the high-fat diet
(40% en from total fat, 40% en from CHO). A similar
finding has been reported in a recent meta-analysis
(Garg, 1998) which compared the effects of high-CHO
diets (49-60 % en from CHO, 20-32 % en from total fat) v.
high-MUFA diets (35^0% en from CHO, 37-50% en
from total fat) in patients with diabetes mellitus. There was a
significant lowering of fasting plasma glucose (by 0-23
(95 % CI -0-39, - 0-06) mmol/1; P < 0-05) with consumption
of a high-MUFA diet compared with a high-CHO diet. More
studies have also shown that high-MUFA diets (37-50 % en
from total fat, 22-33% en from MUFA) lowered
postprandial plasma glucose concentrations (Parillo et al.
1992, 1996; Lerman-Garber et al. 1994), reduced peak
blood glucose concentrations (Rasmussen et al. 1993),
and decreased daylong concentrations of plasma glucose
and insulin, and urinary glucose excretion (Garg et al.
1988, 1994; Campbell et al. 1994) in diabetic subjects
when compared with high-CHO diets (49-60% en from
CHO, 7-13% en from MUFA). However, some other
studies did not observe different effects of a high-CHO
diet v. a high-fat diet on glycaemic control and
insulin sensitivity. Bonanome et al. (1991) compared a
high-MUFA diet (40% en from total fat, 25% en from
MUFA, 45 % en from CHO) with a high-CHO diet (25 % en
from total fat, 10 % en from MUFA, 60 % en from CHO)
and found no difference in glycosylated haemoglobin
or fasting plasma glucose, insulin and C-peptide concen-
trations between the diets. Studies by Garg et al. (1992)
and Abbott et al. (1989) reported similar findings. Despite
the inconsistent results for glycaemic control and insulin
sensitivity, higher-fat high-MUFA diets consistently
result in more favourable lipid and lipoprotein profiles,
such as lowering VLDL-cholesterol and TG by 22 and
19% respectively, and modestly increasing HDL-
cholesterol concentrations by 4% (Garg, 1998). The

improvement in lipid and lipoprotein profiles will benefit
diabetic patients.

Decreasing body weight has been shown to favourably
affect many metabolic processes, including decreasing
postprandial glucose concentrations, increasing insulin
sensitivity and favourably affecting the lipid profile. A
multi-centre randomized clinical trial (McCarron et al.
1997) with a complete meal plan developed at the
Campbell's Center for Nutrition and Wellness (Campbell
Soup Co., Camden, NJ, USA) which consisted of 17 % en
from total fat and 62 % en from CHO demonstrated signif-
icant decreases in levels of plasma glucose (by 0-65 mmol/1;
P<0-001), plasma insulin (by 20pmol/l; P<0001), and
glycosylated haemoglobin (by 0-4%; P< 0-001); all these
favourable effects may be associated with significant weight
loss (i.e —4-5 and —4-8 kg for men and women respectively;
P < 0 0 3 in both cases). A similar result was reported by a
recent study (Tuomilehto etal. 2001) in which subjects were
counselled to reduce intake of total fat and SFA, and
increase intake of fibre and physical activity. Body-weight
loss was 4-2 kg by the end of year 1 and 3-5 kg by the end of
year 2. The cumulative incidence of diabetes after a 4-year
intervention decreased by 12 % and the risk of diabetes was
reduced by 58 % compared with the control group. Another
report from the Diabetes Prevention Program (Diabetes
Prevention Program Website), a major clinical trial
conducted at 27 centres nationwide comparing diet and
exercise with metformin treatment in 3 234 subjects with
impaired glucose tolerance, reported that intensive lifestyle
changes with the aim of reducing weight by 7 % (approxi-
mately 6-8 kg) through a low-fat diet (less than 25 % en as
total fat) and exercise (30min/day walking or other
moderate-intensity exercise), reduced the risk of getting
type 2 diabetes by 58 %, whereas the metformin treatment
only reduced the risk of getting type 2 diabetes by 31 %
during the average follow-up period of 3 years. In addition,
diabetes incidence decreased by 14 % in the diet and
exercise group compared with 22 % in the metformin
treatment group. Consistent with these results is an epidemi-
ological study (Hu et al. 2001) which reported that the
adoption of a healthier lifestyle (such as lower BMI, higher
cereal fibre and PUFA intakes and lower trans-fat intake
and glycaemic load, participation in moderate-to-vigorous
physical activity, no current smoking and moderate alcohol
consumption) was associated with a reduction in the
incidence of diabetes.

Advances in our understanding of diet and glycaemic
control support the current dietary recommendations for
subjects with diabetes. It is now evident that the nutrition
recommendations for patients with diabetes mellitus should
be individualized (American Diabetes Association, 2002).
For obese patients with acceptable lipid-lipoprotein
concentrations, a lower-fat diet (with < 30 % en from total
fat) may be appropriate, because of the improvement in
weight loss and consequently favourable effects on glucose
metabolism and insulin sensitivity. However, for patients
with elevated TG or dyslipidaemia, a moderate-fat diet
higher in total fat would be adequate for achieving overall
beneficial effects.
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Weight control

The prevalence of overweight and obesity continues to
accelerate globally. This factor is a major public health
concern, because type 2 diabetes mellitus, hypertension,
CVD, dyslipidaemia and osteoarthritis are associated with
excess weight. Both the National Institutes of Health/
National Heart, Lung and Blood Institute/Obesity Education
Initiative Expert Panel (1998) evidence report, Clinical
Guidelines for the Identification, Evaluation, and Treatment
of Overweight and Obesity in Adults, and the American
Heart Association dietary guidelines (Krauss etal. 2000)
recommend a total fat intake of < 30 % total en in order to
promote weight loss. The modest reduction in total fat
provides a weight-loss strategy, without markedly altering
dietary patterns, to facilitate a reduction in energy intake.

Evidence that this approach can be successful is apparent
from the National Weight Control Registry, the largest
database of individuals who have been successful in
maintaining a substantial weight loss long term. Eligibility
for enrolment in this database is a weight loss of > 13-6 kg
(30 lb) that has been maintained for > 1 year (Klem et al.
1997). Of the various dietary strategies used to achieve
weight loss, 33-1 % of the participants limited their daily %
en from fat. Dietary intake of fat, protein and CHO, as
assessed by food-frequency questionnaire, was 24, 19 and
56% en respectively. Of interest, those participants who
gained weight (defined as > 2-5 kg) at the 1-year follow-up
reported a significant (P<0-01) increase in % en from
fat (with no overall change in total energy intake), while
for those who maintained their weight loss there was no
significant change (McGuire et al. 1999).

A question of importance relative to weight loss is what
is an appropriate level of fat to promote long-term weight
loss? Evidence from the National Weight Control Registry
study (Klem et al. 1997) and a recent study by McManus
et al. (2001) suggests that a moderate amount of dietary
fat is preferable for successful weight loss and maintenance
of reduced body weight. The study conducted by McManus
et al. (2001) evaluated weight loss in subjects consuming
a low-fat diet (20 % en from fat) compared with a
moderate-fat Mediterranean-style diet consisting of 35 % en
from fat. The experimental diets had a similar energy
restriction. At the completion of the 18-month study the
participation rate was only 20 % for the low-fat diet group,
whereas in the moderate-fat diet group it was 54%
(P <0-002). Since the latter group had a greater adherence to
the energy-restricted diet than the low-fat diet group, they
experienced greater weight loss at 18 months (—4-1 kg),
whereas the low-fat diet group actually gained weight
(+2-9 kg). Thus, a moderate-fat diet provides an effective
approach for weight loss and long-term maintenance of
reduced body weight. This study is of importance because
subjects were followed for 18 months. In another study,
Lefevre et al. (2001) reported a greater weight loss (3-2 v.
1-1 kg) in subjects instructed to follow a Step 1 diet (<30 %
fat, <10 % SFA, 300 mg cholesterol/d) compared with those
on a diet higher in MUFA (37 % fat, <10 % SFA, 300 mg
cholesterol/d) for 6 months. Collectively, the studies by
McManus et al. (2001) and Lefevre et al. (2001) are
supportive of a moderate-fat diet for long-term adherence

and perhaps sustained weight loss. Although a study
conducted by Schaefer et al. (1995) reported a mean weight
loss of 3-6 kg in middle-aged men and women who
consumed an ad libitum diet that provided 15 % en from fat,
questions remain about long-term adherence to a very-
low-fat diet.

In a controlled feeding study conducted in our laboratory
(Pelkman et al. 2000) we found that a moderate-fat weight-
loss diet (32-8 % en from total fat) that resulted in a 7-2
(SD 0-29) kg weight loss over a 6-week period elicited a
more favourable TG and HDL-cholesterol response than did
a low-fat diet (18-4 % en from total fat). TG levels decreased
by 23 % in the low-fat diet group and 28 % in the moderate-
fat group in response to weight loss. In response to main-
tenance of weight loss (4 weeks), we noted a rebound in TG
in the low-fat diet group, resulting in even higher levels than
baseline. However, in the moderate-fat diet group the
decrease in TG levels was maintained. HDL-cholesterol
decreased in the low-fat diet group during weight loss and
this level was maintained during the weight-maintenance
phase. In contrast, HDL-cholesterol levels remained stable
during weight loss and maintenance of weight loss in the
moderate-fat diet group. Thus, our study shows similar
effects of a low-fat diet in response to weight loss and
weight maintenance compared with studies in which body
weight was maintained. Hence, the benefits of weight loss
on TG and HDL-cholesterol are not fully realized with a
low-fat diet, at least under controlled feeding conditions
during a 4-week weight-maintenance period. Lichtenstein
etal. (1994) also reported an increase in TG (22%) and a
decrease in HDL-cholesterol (-18%) in subjects who lost
2 kg over a 10-week period following a very-low-fat diet
consumed ad libitum. Thus, based on the studies by
Pelkman et al. (2000) and McManus et al. (2001) a
moderate-fat weight-loss diet confers advantages for weight
loss with respect to adherence and the plasma lipid and
lipoprotein profile compared with a low-fat diet. However,
longer-term studies are needed (Lichtenstein & Van Horn,
1998).

Health benefits of unsaturated fatty acids on
cardiovascular disease risk

The emerging benefits of unsaturated fatty acids on novel
CVD risk factors have become an area of active research.
These new markers of risk include endothelial function,
adhesion molecules, inflammation and postprandial TG
clearance. Overall, it is clear that there are multiple benefits
of unsaturated fatty acids exhibited by these markers.
Improvements in endothelial function have been observed
both long term and postprandially with n-3 fatty acids
(Goodfellow et al. 2000; Mori et al. 2000). The effect of
MUFA on these new markers, however, has been shown to
be both beneficial when compared with diets higher in SFA
and «-6 fatty acids (Cuevas et al. 2000; Ryan et al. 2000)
and detrimental when compared with low-fat high-CHO
meals and n-3 fatty acids (Vogel et al. 2000).

Markers of inflammation that are affected by unsaturated
fatty acids include interleukin 1, interleukin 6, tumour
necrosis factor, C-reactive protein and cell adhesion
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molecules. Supplementation with n-3 fatty acids has been
shown to suppress the production of cytokines by mono-
nuclear cells (Endres et al. 1989). Furthermore, a reduction
in the expression of adhesion molecules will result, due to
the reduced production of cytokines. The inhibitory effect
on the expression of adhesion molecules by unsaturated
fatty acids appears to require at least one double bond, and
progressively increases with increasing numbers of double
bonds (DeCaterina et al. 2000).

Limited evidence is available concerning the effect of
MUFA on postprandial TG-rich lipoproteins, and remains
controversial. TG-rich lipoproteins have been shown to be
lowered with MUFA when compared with SFA in healthy
subjects in a study by Thomsen et al. (1999), while a
study by Higashi et al. (1997) reported an increase in
both postprandial chylomicrons and their remnants with
olive oil when compared with milk fat or safflower oil.
However, the reduction in TG-rich lipoproteins by long-
term «-3 fatty acid supplementation when compared with
a high-SFA test meal has been observed in several studies
(Williams et al. 1992; Agren et al. 1996). Additionally,
n-6 PUFA appear to have an intermediate lowering effect
when compared with SFA and n-3 fatty acids (Zampelas
et al. 1994). It will be important to ensure that the diet
has adequate amounts of unsaturated fatty acids, in order
to reap their many benefits. Further research is necessary
in order to discern the optimal amount of these fatty
acids.

Summary

The benefits of a benchmark for total fat anchored in
moderation have been shown to decrease risk of chronic
disease. Within the range of total fat defined as moderate
(i.e. 25-35 % en), some individuals will require a lower fat
intake whereas others should consume a higher-fat diet.
Extremes in dietary fat should be avoided, but, more
importantly, the many health virtues of unsaturated fat are a
compelling reason to ensure that fat intake is sufficient to
achieve and maintain health.
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