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Low-fat diets and energy balance: how does the evidence stand in 2002?
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The role of high-fat diets in weight gain and obesity is assessed by evidence-based principles. Four
meta-analyses of weight change occurring on ad libitum low-fat diets in intervention trials
consistently demonstrate a highly significant weight loss of 3—4 kg in normal-weight and
overweight subjects (P< 0-001). The analyses also find a dose-response relationship, i.e. the
reduction in percentage energy as fat is positively associated with weight loss. Weight loss is also
positively related to initial weight; a 10 % reduction in dietary fat is predicted to produce a 4-5 kg
weight loss in an individual with a BMI of 30kg/m2. The non-fat macronutrient composition of
the diet is also important. Whereas the glycaemic index of the carbohydrate may play a role for
cardiovascular risk factors, there is so far no evidence that low-glycaemic index foods facilitate
weight control. In contrast, intervention studies show that sugar in drinks is more likely to produce
weight gain than solid sugar in foods. Although the evidence is weak, alcoholic beverages promote
a positive energy balance, and wine may be more obesity-promoting than beer. Protein is more
satiating and fhermogenic than carbohydrates, and one intervention study has shown that an ad
libitum low-fat diet where carbohydrate was replaced by protein produced more weight loss after
6 months (81 v. 5-9kg). The evidence linking particular fatty acids to body fatness is weak. If
anything, monounsaturated fat may be more fattening than polyunsaturated and saturated fats, and
no ad libitum dietary intervention study has shown that a normal-fat high-monounsaturated fatty
acid diet is equivalent or superior to a low-fat diet in the prevention of weight gain and obesity.
The evidence strongly supports the low-fat diet as the optimal choice for the prevention of weight
gain and obesity, while the use of a normal-fat high-monounsaturated fatty acid diet is
unsubstantiated.

Low-fat diets: Weight loss: Obesity: Body-weight regulation

Evidence-based dietary guidelines

In order to prevent cardiovascular disease, cancer, obesity
and type 2 diabetes it is recommended that dietary fat should
be reduced from the 35-45 % total energy content currently
normal in most Western diets to < 30 % (National Institutes
of Health, 2000), or to 25-35 % (Expert Panel on Detection,
Evaluation, and Treatment of High Blood Cholesterol in
Adults, 2001). However, new research has demonstrated
that it is not total fat, but rather high intakes of saturated fat
and trans-fatty acids that are atherogenic and contribute to
cardiovascular disease, whereas monounsaturated fatty
acids (MUFA) and polyunsaturated fatty acids (PUFA)
are considered to be more neutral. This finding has been
translated into the public health recommendations by a
number of scientists as meaning that it is not the total
fat content of the diet that counts, but that it is rather the

type of fat eaten that is important. They conclude that
recommending a reduction in total dietary fat is misleading
and unnecessary. Furthermore, it has been claimed that
low-fat diets may adversely affect cardiovascular risk
factors, and the epidemiologist Walter Willett promotes an
alternative diet with a higher content of total fat based
on MUFA and PUFA (Katan et ol. 1997). Willett (1998)
also claims that there is little if any evidence that dietary
fat plays a role in energy balance and obesity. A compre-
hensive article entitled 'The soft science of fat' with the
heading 'Mainstream nutritional science has demonised
dietary fat, yet 50 years and hundreds of millions of dollars
of research have failed to prove that eating a low-fat diet
will help you live longer' by the journalist Gary Taubes
(2001), has recently been published as an editorial in the
prestigious journal Science. We have found this view biased
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Table 1 . Strength of recommendations according to categories of
evidence (evidence-based guidelines)

A Evidence from meta-analysis of randomised trials and from at
least one randomised controlled trial

B Evidence from at least one controlled study without randomisation
and at least one other type of quasi-experimental study

C Evidence from observational studies such as comparative,
correlation and case-control studies

D Evidence from expert committee reports, or opinions or clinical
experience of respected authorities, or both

and unsubstantiated (Marckmann & Astrup, 2000; Astrup
etal. 2001).

The various new recommendations seem to be readily
accepted by the public, and the present review focuses on
the evidence in favour of a low-fat diet (< 30 % energy from
fat) v. a normal-fat (30-40%) high-MUFA diet for the
prevention of obesity, type 2 diabetes and cardiovascular
disease.

We aim to use the evidence-based principle to assess the
sufficiency of the existing documentation to substantiate
whether one of the diets is superior to the other (Eccles et al.
1998). Notably, meta-analysis of randomised controlled
trials is recognised as being the strongest evidence, followed
by experimental studies. Observational epidemiological
studies are ranked at the bottom of the scale, with only
opinions or clinical experience of respected authorities
ranking lower (Table 1).

The evidence linking dietary fat to energy balance
and obesity

It is obvious that the possible link between dietary fat
content and obesity must be exerted through an effect of
dietary fat on energy balance. A positive energy balance can
be facilitated, in theory, by a high-fat diet through the
promotion of overconsumption of energy, e.g. due to a
lower satiating effect per J of a high-fat v. a low-fat diet.
Moreover, energy from fat could be more effectively
absorbed from the intestine than carbohydrate and protein,
and fat may also reduce energy expenditure, e.g. by a lower
thermogenic effect of fat compared with carbohydrate and
protein. It is likely that the effect on energy balance is
predominantly exerted through an effect on intake, and the
relationship between dietary fat and body fat should
therefore be studied under ad libitum conditions, where the
studied individuals have free access to food. Consequently,
studies where different diets are compared in isoenergetic
amounts can only provide information about an effect on
absorption and energy expenditure.

We are aware of four meta-analyses of controlled trials
comparing low-fat diets with normal-fat diets as a control
under ad libitum conditions. In a systematic review and
meta-analysis based on twenty-eight intervention trials Bray
& Popkin (1998) found that a reduction of 10% in the
amount of energy from fat was associated with a reduction in
weight of 16g/d. This rate of reduction corresponds to a
weight loss of 2-9 kg over 6 months. We have conducted a
more restrictive meta-analysis, including only studies with
no intervention other than the ad libitum low-fat diet and a

proper control (Astrup et al. 2000i>). This analysis included
a total of 1728 individuals, 1074 women and 654 men.
Thirteen studies were randomised controlled trials, of which
twelve used a parallel design and one used a cross-over
design. The control groups were either advised to continue
their regular diet, or advised to consume a diet with a fat
content comparable with that of the background population.
The low-fat interventions produced a weight loss of 24 kg
more than that of the control groups (95% CI 1-9, 2-9;
P<00001) in the fixed-effects analysis, and 2-5kg more
than in the control groups (95% CI 1-5, 3-5; P<00001) in
the random-effects analysis. In a simple correlation analysis
the major determinant of the weight-loss difference was
pretreatment body weight (r 0-52, P<005). There was a
dose-response relationship between the reduction in
percentage dietary fat intake and weight loss after
adjustment for pretreatment body weight, (r 0-66, P < 0005).
With no change in percentage dietary fat intake, no weight
change occurred (intercept with 0, P = 0-14). The slope of the
relationship indicated that for every 1 % reduction in dietary
fat a weight loss of 0-37 kg (015-0-60 kg/%) was achieved.
Weight loss was not associated with the duration of the
intervention (Astrup et al. 2000£>).

Another meta-analysis, based on thirty-seven dietary
intervention studies, found weight loss for the intervention
groups to be 2-79 kg larger than that for the control groups,
and there was a relationship between reduction in dietary fat
and weight loss (Yu-Poth et al. 1999). For every 1 %
decrease in energy from fat there was a 0-28 kg decrease
in body weight. Subsequently, we updated our initial
meta-analysis and excluded trials in which the intervention
group was instructed to increase physical activity in any
way. Two authors, independently of each other, selected the
studies meeting the inclusion criteria and extracted data
from sixteen trials (duration of > 2 months) with nineteen
intervention groups, and enrolling a total of 1910
individuals. Fourteen of these studies were randomised.
Weight loss was not the primary aim in eleven studies.
Before the interventions the mean percentage of dietary
energy from fat in the studies was 37-7 for the low-fat
groups, and 374 for the control groups. The low-fat
intervention produced a mean fat reduction of 10-2 (95 % CI
8-1-12-3)%. Low-fat intervention groups showed a greater
weight loss than control groups (3-2 (95 % CI 1-9, 4-5) kg;
P<00001), and a greater reduction in energy intake (1138
(95% CI 564, 1712) kJ/d; P<0-002). A pretreatment body
weight 10 kg higher than the average was associated with a
2-6 kg greater difference in weight loss (Astrup et al.
2000a). These four meta-analyses thus consistently show
that a reduction in dietary fat without restriction of total
energy intake causes a reduction in energy intake and weight
loss in a dose-dependent fashion, and may produce a
modest, but clinically relevant, weight loss in overweight
subjects.

In a rebuttal of the previously mentioned Science paper
'The soft science of dietary fat' (Taubes, 2001) we pointed
out that the author did not mention the evidence provided by
these meta-analyses, which clearly show reduced energy
intakes and weight loss on the low-fat diets (Astrup et al.
2001). He replied, 'they say that meta-analyses demonstrate
that low-fat diets are efficient weight loss diets, yet there are
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trials and even meta-analyses - a controversial tool, in any
event - that suggest the opposite' (Taubes, 2001). We have
been unable to identify these trials and meta-analyses from
the literature, congress proceedings and networks and
question their existence. We are also concerned about the
signal that Science does not recognise the evidence-based
principle (Eccles etal. 1998).

The typical weight loss of 3-4 kg produced by ad libitum
low-fat diets is more likely an underestimation of the true
effect. Obviously, adherence to the low-fat diets can be
difficult in a 'toxic high-fat environment', and if one could
adjust the weight-loss results from poorly-compliant
individuals the weight loss would probably be even better. A
number of the trials have provided some evidence to support
that possibility. Swinburn et al. (2001) found that weight
loss on an ad libitum low-fat diet was 3-3 kg after 1 year.
However, if the subjects in the intervention group were
stratified according to compliance, assessed by attendance at
the monthly meetings and completion of the diet diaries, one
gets a better idea about the efficacy of the low-fat diet to
produce weight loss (Fig. 1). While those subjects in the
less-compliant group lost only about 1 kg, the more-
compliant group lost about 6 kg after 1 year (Swinburn et al.
2001). Moreover, it is evident that many individuals think
that they are consuming a low-fat diet, but are not aware that
many of the foods they eat have a high-fat content. Such
factors will contribute to underestimating the real efficacy
of low-fat diets.

Evidence from other lines of studies with lower evidence
strength, such as experimental studies from Prentice,
Stubbs, Blundell, our own group and others consistently
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Fig. 1. Changes in body weight in a control group consuming a
normal-fat diet ad libitum ( ), and in the least ( )- and most
(-)-compliant individuals in the ad libitum low-fat intervention group.
Mean values for the most-compliant low-fat group were significantly
different from that for the control group: **P<0.01. Mean value for the
least-compliant low-fat group was significantly different from that for
the control group: -\P< 0.05. The results indicate that the true efficacy
of the low-fat diet is not the 3-3 kg weight loss observed after 1 year
in the whole intervention group, but rather the 6 kg weight loss seen
in the most-compliant group. It is also obvious from the weight course
that the effect of the diet change is maintained only as long as the
intervention is exerted. As soon as the intervention was stopped
weight regain occurred, and after 5 years no effect was left as
compared with the control group. As overweight is a chronic
condition and a permanent lifestyle change is needed, future
interventions should include reinforcement sessions to prevent
relapse. (Reproduced with permission from Swinburn etal. 2001.)

demonstrate that high-fat diets promote passive over-
consumption of energy and increase the risk of weight gain
and obesity (Astrup, 2001a). Observational studies, whether
cross-sectional or longitudinal, also suggest that high dietary
fat is positively associated with body weight and body
fatness (Astrup, 2001ft).

The role of different carbohydrates

The role of different types of carbohydrate in the regulation
of body weight has not been investigated as thoroughly as
the role of the total dietary fat content. A few recent studies
have illuminated this area with regard to carbohydrate
structure (e.g. simple or complex carbohydrates, sucrose or
starch). The largest and most recent is the CARMEN multi-
centre trial, which involved a total of 316 overweight
subjects in five different countries (Saris et al. 2000). In this
study the impact of 6 months of ad libitum intake of low-fat
diets, rich in either simple or complex carbohydrates, on
energy intake, body weight and health variables was
investigated. The results showed that both low-fat diets
reduced body weight, by 1-6 and 2-4 kg respectively,
compared with the normal-fat control diet. The slightly
lower weight loss on simple carbohydrates than on complex
carbohydrates did not reach statistical significance. The
weight loss on both diets consisted entirely of fat mass.
Furthermore, no detrimental effects on blood lipids were
observed during consumption of either of the carbohydrate
diets. According to this study the type of carbohydrate
(simple sugars v. complex carbohydrates) does not seem to
have much importance for body-weight regulation and risk
factors, as was previously suggested.

The most probable reason for the observed weight losses
on carbohydrate-rich diets is a spontaneous decrease in
energy intake. Several mechanisms, probably all important,
may be involved.

First, the low energy density of carbohydrates is
important; 1 g carbohydrate (17 kJ/g) provides less than half
the energy of 1 g fat (37 kJ/g). This factor means that a
smaller amount of energy is consumed in a carbohydrate-
rich meal than in a fat-rich meal of similar weight. Second,
but relatedly, a starch- and fibre-rich diet often comprises a
surprisingly large volume of foods. In one long-term study
using such a diet the volunteers actually had problems
consuming the large volume of food, especially the diets
designed for the volunteers with the highest energy require-
ments. Several of the subjects initially complained of bowel
distension and fullness (Raben et al. 1995). However, these
side effects disappeared after some weeks. It is clear that a
much greater volume must be consumed in order to obtain a
certain energy intake on a carbohydrate-rich diet (Tremblay
et al. 1991). It is therefore plausible that energy intake
decreases acutely and body weight decreases in the long
term. This factor is a great advantage with regard to
overweight. In developing countries the same effects may be
hazardous, and they are also a disadvantage for individuals
participating in elite sports, where a carbohydrate-rich diet
is needed to optimise performance (Costill, 1988). A third
reason for a decreased energy intake is a slower gastric
emptying rate on a fibre-rich diet. This effect, which may be
related to an antral distension, is known to prolong feelings
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of fullness and satiety (Sepple & Read, 1989; Jones et al.
1997).

Fourth, increased satiety due to increased plasma glucose
(glucostatic theory) and liver glycogen concentrations
(glycogenostatic theory) compared with a fat-rich diet may
be important (Mayer, 1953; Russek, 1970; Shimizu et al.
1983). The glucostatic theory has been supported by studies
finding positive correlations between postprandial satiety
and changes in plasma glucose (Raben et al. 1996), and
studies with rats and human subjects showing that meal
initiation is preceded by a decrease in blood glucose
concentration (Campfield et al. 1993; Campfield, 1997).
However, not all studies support the glucostatic theory (Holt
et al. 1992; Granfeldt et al. 1994). Newer studies suggest
that the glucose-induced plasma insulin increase is an
important central satiety signal (Schwartz, 2000; Verdich
etal. 2001).

A fifth reason, which should also be considered, is the
decreased energy availability of a high-fibre diet. The
ingestion of 64 compared with 34 g dietary fibre/d for
10 weeks in lean healthy males resulted in a 5-7 % lower
protein utilisation and in a 3-0 % lower fat utilisation (Miles,
1992). Total energy utilisation was 2-9 % lower, equal to
400kJ/d (Miles, 1992). A theoretical calculation showed
that if the fibre intake in a typical American diet was
increased from 18 g/d to 36 g/d the amount of metabolisable
energy would be reduced by 540kJ/d (Baer et al. 1997).

Finally, carbohydrate-induced increases in satiating
hormones (insulin, noradrenaline, gastric inhibitory poly-
peptide, glucagon-like peptide) may also play an important
role (Flatt et al. 1984; Smith & Gibbs, 1987; Leibowitz,
1988; Schick et al. 1992; Raben et al. 1996; Flint et al.
2000).

Can carbohydrates make you fat?

Yes, if you are overfed energy in the form of
carbohydrate. A recent study demonstrated that after
massive carbohydrate overfeeding for 4d (2-5 x energy
expenditure with (% energy) 88 from carbohydrate, 10 from
protein and 1-2 from fat) in healthy male subjects, net fat
synthesis amounted to 170 g/d, but only 2% of this fat
(3 g/d) was produced in the liver, although hepatic de novo
lipogenesis actually increased forty-fivefold (Aarsland et al.
1997). Thus, 98 % of the net fat synthesis must have taken
place in the adipose tissue (Aarsland et al. 1997). Normally,
however, appetite regulatory mechanisms will prevent
carbohydrate overfeeding, and thereby prevent de novo
lipogenesis and fat deposition from taking place.

Glycaemic index

The long-term effects of a diet containing low- or high-
glycaemic index (GI) foods on body weight have been very
poorly investigated. In one earlier study using different
low-energy diets it was found that 12 weeks on a low-GI
diet produced a significantly greater weight loss (9-4 kg)
than a conventionally-balanced diet (7-4 kg) in obese
hyperinsulinaemic females (P<001; Slabber et al. 1994).
Conversely, no difference in body weight was observed
in six patients with non-insulin-dependent diabetes

mellitus after 6 weeks on isoenergetic diets with either high
(-2-5 kg) or low (-1-8 kg GI) (Wolever et al. 1992). In a
more recent study, where weight maintenance was also
intended, it was also not possible to maintain body weight in
twenty patients with type 2 diabetes when they consumed
either a low- or high-GI low-fat diet. Interestingly, body
weight dropped similarly during both the low- and high-GI
interventions (1-4 and 1-5 kg respectively; Jarvi et al. 1999).
However, in another study with isoenergetic intervention no
changes or diet differences in body weight were produced
by 3 weeks on high- or low-GI diets (Frost et al. 1998).

A study on overweight children (10 years of age, on
average) has been published recently (Spieth et al. 2000).
Two weight-loss regimens were tested, one was energy
reduced and designed in accordance with the US dietary
recommendations, i.e. (% energy) 55-60 from carbohy-
drate, 15-20 from protein, 25-30 from fat. The other
regimen was a non-energy-reduced diet designed to obtain
the lowest possible GI, focusing on vegetables, pulses and
fruit. This diet contributed (% energy) 45-50 from carbohy-
drate, 20-25 from protein and 30-35 from fat. The results
showed that a low-GI diet gave a weight loss (—1-16 kg) in
contrast to the recommended diet (+1-44kg; /><0-01). The
results of the study are, however, very difficult to interpret
in relation to the GI question, since a number of dietary
factors apart from the GI were different in the two groups.
For example, the intake of total energy, carbohydrate,
protein and fat was also different. The same research group
conducted another study on ten overweight younger men
with BMI of about 30kg/m2 (Agus et al. 2000). This study
comprised 7 d interventions with energy restriction to only
50% of the subjects' estimated daily energy needs. The
high-GI diet contained (% energy) 67 from carbohydrate,
15 from protein, and 18 from fat, while the low-GI diet
contained (% energy) 43 from carbohydrate, 27 from
protein and 30 from fat. There were no differences in weight
loss after the high-GI (3-2 kg) and low-GI (3-6 kg) inter-
ventions, but again many factors in the diets changed apart
from the GI. In contrast to long-term studies a fairly large
number of acute short-term studies have been conducted. In
fifteen of thirty-five studies it was found that low-GI foods
increased satiety, delayed return of hunger or decreased
ad libitum food intake compared with high-GI foods.
However, such short-term studies have the disadvantage of
not predicting food intake during the next days or weeks if
the diet is continued.

In a majority of the published studies a low-GI diet has
been found to produce favourable effects on risk markers of
diabetes and cardiovascular diseases compared with a
high-GI diet. Since most of the intervention studies have
used diets aiming at energy balance or energy reduction the
effects on body weight are, however, still unclear.

Sucrose v. artificial sweeteners

Intervention studies

It can be speculated that the removal of sucrose (carbo-
hydrate) from the diet will increase the relative dietary fat
content, which would then result in increased energy intake
and body weight in the long term (Lissner et al. 1987; Saris

https://doi.org/10.1079/PNS2002149 Published online by Cambridge University Press

https://doi.org/10.1079/PNS2002149


Dietary fat: how low should we go? 303

et al. 2000). However, a number of acute meal tests lasting
from a few hours to 1-2 d have produced conflicting results
(Blundell & Hill, 1986; Rogers & Blundell, 1989; Tordoff &
Alleva, 1990a; Canty & Chan, 1991). In these studies
sucrose typically has been exchanged for aspartame,
saccharin and/or water, and postprandial appetite sensations
and/or ad libitum food intake have been monitored. Short-
term studies, however, are not very informative, as appetite
regulation and macronutrient balance probably do not adjust
for the missing energy and sucrose (carbohydrate) until after
some days on the diet (Astrup & Raben, 1992).

Intervention studies lasting for weeks or months are
therefore of more interest. The number of long-term
intervention studies (without .energy restriction) is small,
and none has lasted more than 3 weeks (Porikos et al. 1982;
Tordoff & Alleva, 1990fc). These intervention studies
suggest that an increased intake of artificial sweeteners
decreases energy intake and body weight compared with
sucrose. We investigated the effect of 10 weeks of
supplementation with either sucrose or artificial sweeteners
on ad libitum food intake and body weight in two groups of
overweight subjects. About 80 % of the supplements were
given as drinks and 28 % of the energy intake came from
sucrose in the sucrose group. Similar food items and
volumes were given to the two groups. An increase in total
energy intake (2-6MJ/d), body weight (1-6 kg) and fat mass
(1-3 kg) was seen in the sucrose group after 10 weeks,
whereas a decrease in body weight and fat mass (1-0 kg and
0-3 kg) was seen in the artificial-sweetener group (Raben
et al. 2002). One likely reason for the increased energy
intake and body weight in the sucrose group is that about
70 % of the sucrose came from fluids. Energy from fluids
has been shown to be less satisfying than solid foods, and it
is easier to overconsume energy from drinks than from
solids (Di Meglio & Mattes, 2000). That sucrose from fluids
may be fattening was also suggested by a recent observa-
tional prospective study in children, reporting that those
with a high intake of sugar-sweetened drinks were at an
increased risk of becoming overweight (Ludwig et al.
2001). It may be advisable, therefore, for overweight
subjects to choose drinks and foods containing artificial
sweeteners rather than sucrose in order to prevent weight
gain.

Observational studies

Epidemiological studies, on the other hand, have found a
clear inverse relationship between sucrose intake and body
weight, suggesting that sucrose may help prevent overweight
(Reid & Hammersley, 1998). Furthermore, a long-term
epidemiological study reported a positive relationship
between saccharin intake and weight change (Bolton-Smith
& Woodward, 1994). Another large population study
disclosed that weight gain over 1 year was higher for users
of artificial sweeteners than for non-users (Colditz et al.
1990). This finding suggests that artificial sweeteners do not
prevent weight gain, but the apparent relationship is
confounded by the fact that those choosing artificial
sweeteners are more likely to be motivated by susceptibility
to weight gain. Long-term slimming studies (with energy
restriction) have shown that the inclusion of artificial

sweeteners can increase compliance and quality of life,
and help maintain an obtained weight loss (Stellman &
Garfinkel, 1986). For weight-concerned individuals not on a
diet, however, the use of artificial sweeteners is normally
motivated by a wish to reduce daily energy intake without
changing the rest of the diet, as a strategy for maintaining or
reducing body weight.

The observational studies addressing the associations
between sucrose intake and body weight have not distin-
guished between solid and liquid sugar. Thus, the category
A evidence (see Table 1) from intervention trials suggests
that sugar-rich drinks may promote weight gain and obesity.

Protein

There is some concern that a high protein intake in infant
formulas and during growth may increase the susceptibility
to weight gain and obesity. However, a new study suggests
that a high protein intake may be associated with a higher
BMI due to a positive relationship with the size of the
fat-free mass, not with the amount of body fat (Hoppe et al.
2001). There is also a large body of experimental data to
suggest that in adults protein has a higher satiating power
per unit energy than carbohydrate and fat. The impact on
obesity and risk factors of replacing carbohydrate with
protein in ad libitum low-fat diets has been addressed in
only one clinical trial. Two fat-reduced diets (30% total
energy), a high-carbohydrate diet (protein 12% total
energy) and a high-protein diet (protein 25 % total energy)
were compared in sixty-five obese patients (Skov et al.
1999b). Weight loss after 6 months was 5-1 kg in the high-
carbohydrate group and 8-9 kg in the high-protein group,
and more subjects lost >10kg in the high-protein group
(35 %) than in the high-carbohydrate group (9 %). The
protein-rich diet had no adverse effect on blood lipids,
homocysteine levels (Haulrik et al. 2002), renal function
(Skov et al. 1999a) or bone mineral density. Replacement of
some dietary carbohydrate by protein in ad libitum low-fat
diets may improve weight loss. More freedom to choose
between protein-rich and complex-carbohydrate-rich foods
may encourage obese subjects to choose more lean meat and
dairy products, and hence improve adherence to low-fat
diets in weight-reduction programmes.

In conclusion, a dietary protein content of up to 25 %
energy may be beneficial for weight regulation in adults
(evidence category B; see Table 1). Protein allowances of
more than 20 % energy in diets for weight reduction and for
diabetics should await confirmation of the positive results
by more randomised trials.

Effects of different types of fat on energy balance

Although the same quantities of different types of fat
contain almost the same amounts of energy, differences
may exist in their potential to influence energy balance.
Thus, energy expenditure as well as satiety, both of which
influence the energy balance of ad libitum low-fat diets and
weight-maintenance diets, have been shown to be affected
by the quality of fat. In human subjects, in a cross-sectional
observational study strong positive associations between the
intake of MUFA and different indices of adiposity were
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found, whereas high intakes of PUFA and saturated fat
were only weakly related to adiposity (Doucet et al. 1998).
Similarly, in a cohort of women all lipids other than
vegetable fat were positively related to BMI. Furthermore,
the strongest positive association between a nutrient and
BMI was found to be the intake of trans-fatty acids (Colditz
etol. 1990).

It is known from animal studies that rats fed a diet rich in
safflower oil (PUFA) demonstrate less accumulation of
body fat than rats fed a diet rich in beef tallow (SFA)
(Shimomura et al. 1990; Dulloo et al. 1995). This
observation is probably due to a higher diet-induced
thermogenesis, an elevated fat oxidation and a higher
sympathetic activity (Shimomura et al. 1990; Matsuo et al.
1995). MUFA also seem to increase body weight more than
PUFA (Dulloo et al. 1995). Other studies also report
differences in fat accumulation, body fat distribution and
oxidation rates as a result of diets varying in fatty acid
composition, chain length and saturation (Hill et al. 1993).

The dietary amounts of unsaturated: saturated fatty acids
possibly also affects energy expenditure in human subjects,
since high polyunsaturated: saturated fatty acids has been
shown to result in higher resting metabolic rates, higher
diet-induced thermogenesis and higher fat oxidation rates
than a low polyunsaturated:saturated fatty acids ratio (Jones
et al. 1985, 1992; Jones & Schoeller, 1988; van Marken
Lichtenbelt et al. 1997). Further, the chain length, especially
medium-chain triacylglycerols compared with long-chain
triacylglycerols, has been in focus due to its ability to
become readily oxidised and induce satiety (Scalfi et al.
1991; Dulloo et al. 1996; Stubbs & Habron, 1996; Van
Wymelke et al. 1998). This observation has created a strong
interest in developing modified fats that are less likely to
produce a positive energy balance. However, so far the
attempts at placing medium-chain tri-acylglycerols in
different positions on the glycerol backbone have not shown
an additional positive effect on energy balance compared
with physical mixtures of medium- and long-chain triacylg-
lycerols (Bendixen et al. 2002).

On the other side of the energy balance equation a study
on the effect of high-fat meals, differing in fatty acid
composition, on post-ingestive satiety in lean subjects found
that MUFA induced a lower level of satiety and a larger
subsequent energy intake than PUFA and saturated fatty
acids (Lawton et al. 2000). Intestinal infusions of linoleic
acid concordantly result in a lower subsequent food intake
than those of oleic and stearic acids. However, the different
effects on energy expenditure, appetite and ad libitum
energy intake were not confirmed in a recent study
performed with overweight subjects, suggesting that
differences exist between subject groups (A Flint, BH
J0rgensen, A Raben, S Toubro and A Astrup, unpublished
results).

Together, these preliminary reports suggest that some
differences between fatty acids are apparent, but until
clinical trials based on longer-term interventions have been
conducted, some caution should be taken in recommending
specific fat types in preference to others, e.g. replacement of
PUFA with MUFA in diets for individuals susceptible to
weight gain and obesity, despite the apparently more neutral
effects of MUFA reported in some studies in relation to

insulin resistance, type 2 diabetes, cardiovascular disease
and cancer (see p. 305).

Beer, wine and spirits

Alcohol may comprise a substantial part of the total energy
intake, even with non-abusive consumption. Studies using
indirect calorimetry have shown that the thermogenic effect
of a moderate alcohol intake corresponds to between 17-6
(Murgatroyd et al. 1996) and 28 (Suter et al. 1992) % of the
energy it provides. The earlier contention, based on studies
with excessive intake in alcoholics (Pirola & Lieber, 1972),
that alcohol is a non-nutritious substance which is totally
dissipated as heat, may therefore be a misconception.
Alcohol is now referred to as the fourth macronutrient by
some nutritionists.

But how does this special macronutrient fit into a dietary
regimen which aims at body-weight control? There are
several issues to be considered. Alcohol consumption may
cause a less-restrained food intake, resulting in a greater
energy intake at meals. Such an effect may be reflected by
both a faster eating rate and an extended meal time when
wine or beer are given as an appetiser compared with
non-alcoholic drinks (Westerterp-Plantenga & Werwegen,
1999). In addition, alcohol may bypass the satiating impact
of other macronutrients mediated by the different gastroin-
testinal hormones. The response of gastrointestinal
hormones to alcohol is sparsely elucidated, but pure alcohol
has been reported not to elicit any cholecystokinin or gastrin
release in normal subjects (Chari et al. 1996). However,
inhibition of gastric emptying is probably a major factor
for the role of these hormones in the termination of a meal,
and alcohol has been shown to retard gastric emptying, by
undefined mechanisms, when administered before a test
meal (Barboriak & Meade, 1970). A blunted or lacking
hormonal response to alcohol ingestion and absorption may
mean that the energy in alcohol may not be compensated for
in the same manner as for the other macronutrients.

Acute studies of ad libitum food intake, comparing
alcoholic beverages with drinks containing isoenergetic
amounts of other macronutrients, have shown a higher
energy intake with alcohol (Westerterp-Plantenga &
Werwegen, 1999). Other experiments have failed to
demonstrate such a difference (Foltin et al. 1993; Mattes,
1996; Poppitt et al. 1996). However, no or incomplete
compensations for the energy, in all sorts of beverages were
detected in all these studies, suggesting that appetite
regulation responds insufficiently to energy in liquid form.
This observation has been supported by a more direct
experimental approach, where ad libitum food intake was
assessed when the diet was supplemented with a fixed
carbohydrate supplement provided either as jelly beans or
as soda water (Di Meglio & Mattes, 2000). Alcohol
consumption may therefore promote a positive energy
balance simply through the ingestion of liquid energy.

Another concern is the capacity of alcohol to perturb the
metabolism of other substrates. Being a 'toxic' compound,
alcohol is oxidised to acetate as quickly as possible in the
liver. Acetate, in turn, replaces fat as a substrate for
peripheral oxidative metabolism. Furthermore, the detoxifi-
cation of alcohol interferes with several metabolic
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pathways, and so favours the accumulation of fat over its
combustion. Such effects may be reflected by the marked
decline in fat combustion with a virtually unaffected carbo-
hydrate oxidation observed with alcohol administration
during 24 h indirect calorimetry (Suter et al. 1992). Reduced
fat utilisation at the same time as a maintained rate of
withdrawal from the carbohydrate stores may be hypo-
thesised to establish a positive energy balance when access
to food is unrestricted. However, respiration chamber
studies with ad libitum food intake, where alcohol intake is
manipulated for periods of about 1 week, are probably
required to document such disturbances in macronutrient
balances in human subjects.

Experiments performed in an artificial setting in a
laboratory, however, are too removed from the normal
situation to tell the whole story about the delicate interplay
between the biological, psychological and social factors that
determine the amount of food we eat. The best approach
would be to introduce the alcohol manipulation with as little
interference in the subjects' daily life as possible. This
approach was attempted in one study in which fourteen male
subjects were instructed to drink 270 ml red wine at dinner
over a 6-week period, but otherwise to continue their normal
daily life (Cordain et al. 1997). When compared with a
control period, where the subjects refrained from drinking
alcohol, no differences were found in body weight, body
fat or energy intake assessed by a 3d dietary record.
Unfortunately, there are no other studies from other study
groups and with other alcoholic beverages to support these
results.

With the lack of evidence from category A (see Table 1),
we may turn to the epidemiological evidence. Does it
confirm the popular stereotype of the beer belly? Most
observational studies have, in fact, detected a negative
association between the amount of alcohol consumption and
body fatness in women, whereas the findings are very
inconsistent in men (Hellerstedt et al. 1990). However, these
observations may be confounded by several demographic
factors such as education, urbanisation, income etc., which
may be accounted for to some extent statistically. Never-
theless, there may still be some residual variation associated
with factors that are difficult to assess, such as social
capability and self-esteem. Furthermore, the fact that the
outcomes of the different surveys are sensitive to the study
population (e.g. selective underreporting) indicates that
cultural factors such as the attitude towards drinking may be
strong determinants of these relationships. Epidemiology
does not seem, therefore, to provide any assurance that
alcoholic beverages can be enjoyed regularly without the
risk that they may compromise weight control.

In conclusion, restrictions should be imposed on the
intake of any energy-dense beverage, alcoholic as well as
non-alcoholic, if the aim is a spontaneous weight loss
when changing to a low-fat diet. It may also be worth
considering that wine, with its high energy density, could
be more weight gain inducing than low-energy beer if
body weight control is an important issue. Unpublished
results (A Astrup, B Buemann, A Flint and A Raben) from
our laboratory suggest that total energy intake at an ordinary
meal may be higher if red wine is served ad libitum
rather than beer or fizzy drinks. In this study energy intake

from the beverage was higher with wine, and it was not
compensated for in the food intake.

Low-fat diets and cardiovascular risk

It is often argued that a reduction in fat intake and an
increase in carbohydrate intake produces a rise in plasma
triacylglycerols and a fall in plasma HDL-cholesterol, which
would be expected to increase the risk of CHD. Moreover, it
is argued that MUFA have a more beneficial effect on risk
factors of CHD than carbohydrate. This effect has been
confirmed in studies where carbohydrate has been compared
with MUFA under strictly isoenergetic conditions and no
weight loss was allowed to occur on the low-fat complex-
carbohydrate diet (Luscombe et al. 1999). However, in the
studies allowing ad libitum intake the changes in blood
lipids are dominated by the slight weight loss induced by
the low-fat diet. This finding was illustrated in a study on
hyperlipidaemic patients where the dietary fat content was
first changed from 35 to 15 % energy under isoenergetic
conditions so that body weight was kept constant (Schaefer
et al. 1995). Consumption of the low-fat diet under weight-
maintenance conditions had lowering effects on plasma total
cholesterol, LDL- and HDL-cholesterol levels (—12-5,
— 17-1 and -22-8% respectively). This diet increased
plasma triacylglycerol levels (+47-3%) and total choles-
terol:HDL-cholesterol (+14-6 %). In contrast, consumption
of the low-fat ad libitum diet was accompanied by signif-
icant weight loss (-3-63 kg; P< 0-001), by a mean decrease
in LDL-cholesterol (—24-3 %), and by mean triacylglycerol
levels and total cholesterol: HDL-cholesterol that were not
significantly different from values obtained at baseline. This
finding has been confirmed in a systematic review and meta-
analysis evaluating the effects of the American National
Cholesterol Education Program's dietary interventions on
major cardiovascular disease risk factors (Yu-Poth et al.
1999).

However, carbohydrate source and GI may be important
in relation to the effect on risk factors. Both observational
and short-term intervention studies show that a low-GI
diet exerts more beneficial effects on LDL- and HDL-
cholesterol, insulin resistance and plasminogen activator
inhibitor-1 activity than a high-GI diet (Frost et al. 1999;
Jarvi et al. 1999). However, as mentioned earlier, the only
available long-term study, the 6-month CARMEN study,
failed to show any adverse effect of a low-fat high-simple-
carbohydrate diet on blood lipids (Saris et al. 2000). Thus,
the high carbohydrate content of low-fat diets should stem
mainly from the complex carbohydrates of different
vegetables, fruit and whole grains, which are more satiating
for lower energy than fatty foods and are good sources of
vitamins, minerals, trace elements and fibre. However, to
assist compliance with a low-fat diet it may be necessary to
allow for a slightly increased intake of extrinsic sugars.

Recently, a number of randomised intervention trials
have shown that a low-fat diet, either alone (Swinburn et al.
2001) or in combination with physical activity, can reduce
the incidence of type 2 diabetes by 50-60 % (Chang, 2001;
Tuomulitho et al. 2001). Type 2 diabetes is associated with
an almost 10-year reduction in life expectancy, mainly due
to increased cardiovascular mortality, and its prevention
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therefore has substantial health benefits. The same diet
composition has also been shown to reduce morbidity and
mortality in patients with established IHD (Singh et al.
1985; Ornish et al. 1990; de Lorgeril et al. 1999).

Conclusions

Ad libitum consumption of diets low in fat and high in
protein and complex carbohydrates, with a low GI,
contributes to the prevention of weight gain in normal-
weight subjects. It also causes a spontaneous weight loss of
3^- kg in overweight subjects, and has beneficial effects on
risk factors for diabetes and cardiovascular disease. To
prevent obesity and diabetes there are grounds for recom-
mending the combination of increasing the daily physical
activity level to a value of at least 1-8 and reducing dietary
fat content to 20-25 % energy in sedentary subjects, and to
25-35 % energy in more-physically-active individuals.

Low-fat diets, either as the only intervention, or in
combination with exercise, have proven effective in
preventing type 2 diabetes in overweight subjects. Since type
2 diabetes is associated with an increased cardiovascular
mortality and a reduction of 10 years in longevity, the
prevention of this disease will substantially justify the use of
low-fat diets for the prevention of cardiovascular disease. A
Mediterranean fat-reduced diet may leave room for plenty of
fruit, vegetables and fish, and such a diet has been shown to
reduce total mortality by 45-60 % in individuals with IHD
(Eurodiet Core Report, 2001). The phenomenon that many
countries have apparently reduced their average dietary fat
content slightly, whilst the population continues to get fatter,
has been proclaimed as evidence that it is easier to gain
weight on low-fat high-carbohydrate diets than on higher-fat
diets. However, the evidence is against this possibility. A
meta-analysis of intervention studies comparing ad libitum
intakes of higher-fat diets with low-fat diets has clearly
shown a reduced energy intake and a reduction in body
weight with the low-fat diets. One should also address the
well-known phenomenon of underreporting of energy
intake, and especially of fat intake, by overweight subjects,
which makes the observed fat intake reduction questionable.
The obesity epidemic seen in the USA and other countries is
predominantly due to an increasingly inactive lifestyle,
which reduces the metabolic demand for fat as fuel.
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