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Abstract

The role of a reduction in dietary fat for weight loss and maintenance should be assessed by evidence-based
principles giving most weight to randomized clinical trials. Four meta-analyses examined weight changes on
ad libitum fat-reduced diets in intervention trials lasting for up to 1 year, and they all demonstrated a 3—4 kg
larger weight loss on the fat-reduced than on the normal-fat diet in normal-weight and overweight subjects.
The analyses also show 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 body mass index of 30 kg
m 2. The outcome of the meta-analysis of trials with long-term follow-up included only six studies, and none
of the trials had an active intervention throughout the period. Short-term trials clearly demonstrate that the
non-fat diet components are at least as important for body-weight regulation as the fat content. Sugar in
beverages is less satiating and more obesity promoting than sugar in solid foods, and replacement of energy
from fat by sugar derived from sweetened beverages is not likely to produce weight loss. Protein is more
satiating and thermogenic than carbohydrates, and a fat-reduced diet with a high protein content (20—25% of
energy) may increase the efficacy of fat-reduced diets markedly. Whereas the glycaemic index of the
carbohydrate may play a role for cardiovascular risk factors, there is very little evidence to support that low
glycaemic index foods facilitate weight control. The evidence linking particular fatty acids to body fatness is
weak. If anything, monounsaturated fatty acids (MUFA) may be more fattening than polyunsaturated and
saturated fats, and no ad libitum dietary intervention study has shown that a normal-fat, high-MUFA diet is
equivalent or superior to a low-fat diet in the prevention of weight gain and obesity. The current evidence
strongly supports a diet with reduced content of fat and sugar-rich beverages, and more carbohydrates, rich in
fibre and grain (whole-grain foods, fruit and vegetables) and protein (lean meat and dairy products) as the
best choice for the prevention of weight gain, obesity, type 2 diabetes and cardiovascular disease. The use of a
normal-fat, high-MUFA diet needs more evidence from randomized ad libitum dietary intervention trials
before it can be recommended to the public.
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The currently recommended diet

To prevent cardiovascular disease, cancer, obesity
and type 2 diabetes, it is recommended that dietary
fat should be reduced from the current 35-45% of
the total energy content in most Western diets to
below 30% (1, 2). However, observational epide-
miology does not support that this reduction in
total fat content is a prerequisite for primary and
secondary prevention of cardiovascular disease,
because monounsaturated fatty acids (MUFA) and
polyunsaturated fatty acids (PUFA) are less athero-
genic than saturated fat and even carbohydrate (3).
This has been translated into the public health
recommendations by Willett and co-workers that
the total fat content of the diet is unimportant, and
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that trans fat and saturated fat just need to be
replaced by MUFA and PUFA. They conclude that
recommending a reduction in total dietary fat is
misleading and unnecessary, and they point to
starchy carbohydrates with a high glycaemic index
(GI) as posing a greater risk of producing weight
gain and obesity, and increasing cardiovascular risk
4).

The present review examined the evidence in
favour of a fat-reduced diet (25-30% energy from
fat) versus a normal-fat (30—40%), high-MUFA diet
for the prevention of weight gain and obesity, type 2
diabetes and to some extent cardiovascular disease.

The evidence-based principle was used to assess
the strength of the existing documentation to
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substantiate whether one of the diets is superior to
the other (5). Notably, meta-analysis of randomized
controlled trials is recognized as being the strongest
evidence, followed by experimental studies, and
finally by observational epidemiological studies
and personal opinions.

How does dietary fat influence energy balance?
A link between dietary fat content and obesity must
be exerted through an effect of the ingested fat on
energy balance, and a positive energy balance can
be promoted by overconsumption of energy, e.g.
owing to a lower satiating effect per joule of a high-
fat versus a low-fat diet. Moreover, energy from fat
may be more effectively absorbed from the intestine
than carbohydrate and protein, and fat may also
reduce energy expenditure, e.g. by a lower thermo-
genic effect of fat compared with carbohydrate and
protein. All the evidence points to fat exerting its
effect on energy balance by affecting spontaneous
energy intake, and the relation between dietary fat
and body fat should therefore be studied under ad
libitum conditions, where the studied individuals
have free access to food.

There is a robust series of studies showing that
most of the fattening effect of dietary fat is linked to
the higher energy density of fatty foods than
carbohydrate- and protein-rich foods (for review
see Ref. (6)).

The four meta-analyses of randomized clinical
trials on fat-reduced versus normal-fat diets

The author is aware of four meta-analyses of
controlled trials comparing low-fat diets with nor-
mal-fat diets as a control under ad libitum condi-
tions. In a systematic review and meta-analysis
based on 28 intervention trials, Bray and Popkin
found that a reduction of 10% in the proportion of
energy from fat was associated with a reduction in
weight of 16 g day ~'. This corresponds to a weight
loss of 2.9 kg over 6 months (7). The first meta-
analysis by the present author included a total of
1728 individuals, and 13 studies were randomized
controlled trials. The control groups were advised
either to continue their regular diet or to consume a
diet with a fat content comparable to that of the
background population. The low-fat interventions
produced a weight loss of 2.4 kg more than in the
control groups [95% confidence interval (95% CI)
1.9-2.9, p <0.0001] in the fixed effects analysis, and

Dietary fat and obesity

2.5 kg more (95% CI 1.5-3.5, p <0.0001) 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 <0.05). There was a dose—response relationship
between the reduction in percentage dietary fat
intake and weight loss after adjustment for pretreat-
ment body weight (r=0.66, p <0.005). With no
change in percentage dietary fat intake, no weight
change occurred (8).

The third meta-analysis included 37 dietary
intervention studies. Weight loss in the intervention
groups was 2.8 kg larger than in the control groups,
and there was a highly significant relation between
reduction in dietary fat and weight loss (9). For
every 1% decrease in energy from fat there was a
0.28 kg decrease in body weight.

The fourth meta-analysis was by the author’s
group, and included new trials and excluded any
trial in which the intervention group was instructed
to increase physical activity. Sixteen trials (duration
of 2412 months) with 19 intervention groups, were
included, giving a total of 1910 individuals partici-
pating in studies. Weight loss was not the primary
aim in 11 studies. Before the interventions the mean
proportion of dietary energy from fat in the studies
was 37.7% in the low-fat groups and 37.4% in the
control groups. The low-fat intervention produced a
mean fat reduction of 10.2% (8.1-12.3). Low-fat
intervention groups showed a greater weight loss
than control groups (3.2 kg, 1.9-4.5 kg, p <
0.0001), and a greater reduction in energy intake
(1138 kJ day ~', 564—1712 kJ day ~'; 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 (10). These four meta-
analyses thus consistently show that a reduction in
dietary fat without restriction of total energy intake
causes a reduction in caloric intake and weight loss
in a dose-dependent fashion and may produce a
modest, but clinically relevant, weight loss in over-
weight subjects.

The fifth meta-analysis: does fat reduction work in the
long term?

Pirozzo et al. (11) conducted a meta-analysis to
determine the effectiveness of fat-reduced diets in
achieving sustained weight loss when used for the
expressed purpose of weight loss in obese or over-
weight subjects. The analysis included six trials, and
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they concluded that low-fat diets are as efficacious
as other weight-reducing diets for achieving sus-
tained weight loss, but not more so. Hill and Astrup
(12) expressed some concerns about the conclusions
drawn from the meta-analysis by Pirozzo et al. (11).
The major problem is the very few trials that met
the inclusion criteria set by the authors. Several
trials supportive of low-fat diets in weight manage-
ment did not meet these criteria. This suggests that
despite the tremendous interest and debate about
the best diets to recommend for long-term weight
loss, there are surprisingly few studies that address
this issue. Secondly, there are some important
differences in study design among the six studies.
For example, two studies were of only 3—4 months’
duration, three trials lasted for only 6 months, and
one was of 18 months’ duration. It is very difficult
to compare a study where intervention was 3
months with one where intervention was 18 months.
While the authors aimed to assess the effectiveness
of the different diets on sustained weight loss, none
of the studies had active intervention during the
follow-up period. Thus, the questions addressed is
not whether low-fat diets can sustain weight loss but
whether a few months of low-fat eating can lead to
sustained weight loss. To answer the first question,
studies would have to continue active intervention
(fat-reduced versus normal-fat) for sustained peri-
ods. This was not done in any of the six studies
included in this meta-analysis, but can be found in
other trials (13, 14).

Does 3-5 kg weight loss really matter?

A sustained weight loss of 3—5 kg in obese at high
risk for diabetes or cardiovascular disease is suffi-
cient to reduce the incidence of type 2 diabetes by
40-60% (15-17) and reduce the incidence of
cardiac events by around 40% (13, 14, 18), and
increasing physical activity amplifies the effect (9).
Type 2 diabetes is associated with an almost 10 year
reduction in life expectancy, mainly due to increased
cardiovascular mortality, and its prevention there-
fore has substantial health benefits.

In addition, typical weight loss of 3-5 kg
produced by ad libitum low-fat diets is more likely
to be an underestimation of the true effect. Ad-
herence to low-fat diets can be difficult in a “toxic
high-fat, soft-drink environment”. There is good
evidence to demonstrate the necessity of some
sustained intervention therapy in order to counter-
act the tendency to fall back into usual dietary
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habits. Consequently, compliance and diet adher-
ence become key issues to consider when assessing
the efficacy of fat-reduced diets in long-term weight
management.

Several trials have provided some evidence to
support the theory that incomplete dietary compli-
ance tends to underestimate the real effect of fat
reduction. Swinburn et al. found that weight loss on
an ad libitum low-fat diet was 3.3 kg after 1 year
(19). However, if the subjects in the intervention
group are stratified according to compliance as-
sessed by attendance at the monthly meetings and
completion of the diet diaries, one gains a better
idea about the efficacy of the low-fat diet in
producing weight loss (Fig. 1). While those in the
less compliant group lost only about 1 kg, the more
compliant group lost almost 6 kg after 1 year (19).
Moreover, it is evident that many people think that
they are consuming a low-fat diet but are not aware
of many of the foods they eat are high in fat. Such
factors will contribute to underestimate the real
efficacy of low-fat diets. The follow-up in this trial
clearly shows that unless the intervention is re-
inforced regularly the patients will inevitably relapse
(Fig. 1). In this aspect, dietary treatment does not
differ from other medical treatment: it only works
for as long as it is taken!

Change in Weight

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 groups.
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 effective only as long as the intervention is exerted. As
soon as the intervention was stopped weight regain occurred, and
after 5 years no effect remained 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. ** indicates difference between intervention and
controls group at the P <0.01 level. [Reproduced with permission
from Swinburn et al. (19)].



The role of different carbohydrates: a role for
fibre and whole-grain foods

Glyacemic index of foods

In Willetts” suggestion for a new “inversed” food
pyramid, it is stressed that the carbohydrate-rich
foods should predominantly be whole-grain and
fibre rich, with a low GI (4). The long-term effects
of a diet containing low or high GI foods on body
weight have been very poorly investigated (20, 21),
and the interpretation of the current body of
evidence is conflicting (22). In the majority of the
published studies a low GI diet has been found to
produce favourable effects on risk factors of dia-
betes 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, and recent evidence suggests that the
GI of composite meals is unpredictable based on the
tables providing GI values for individual foods (23).

Complex versus simple 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/complex carbohydrates, sucrose/starch). The
largest and most recent is the CARMEN multi-
centre trial, which involved a total of 316 over-
weight subjects in five different countries (24). In
this study, the impact of 6 months’ ad libitum intake
of low-fat diets, rich in either simple or complex
carbohydrates, on energy intake, body weight and
blood lipids was investigated. The results showed
that both low-fat diets reduced body weight by 1.6
kg 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.
Furthermore, no detrimental effects on blood lipids
were observed during either of the two carbohydrate
diets. According to this study, the type of carbohy-
drate (simple sugars versus complex carbohydrates)
does not seem to have much importance for body-
weight regulation and risk factors, as previously
suggested.

As alluded to above, the low energy density of
carbohydrates compared with fat is important. One
gram of carbohydrate (17 kJ g~ ') provides less than
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half the calories of 1 g of fat (37 kJ g~'). This
means that few calories are consumed in a carbohy-
drate-rich meal than in a fat-rich meal of similar
weight. A starch- and fibre-rich diet is often
comprised of a surprisingly large volume of foods.
In one long-term study using such a diet, the
volunteers had problems consuming the large
volume of food, especially on the diets composed
for the volunteers with the highest energy require-
ments.

A role for whole grain and fibre?

A decreased energy availability of a high-fibre diet
may also play a role. The ingestion of 64 g
compared with 34 g dietary fibre day ' for 10
weeks in lean healthy males resulted in a 5.7% lower
protein utilization and in a 3.0% lower fat utiliza-
tion (25). Total energy utilization was 2.9% lower,
equal to 400 kJ day ~! (25). A theoretical calcula-
tion showed that if the fibre intake in a typical
American diet was increased from 18 g day ~! to 36
g day ~! the amount of metabolizable energy would
be reduced by 540 kJ day ~' (26).

A long-term, randomized dietary intervention
trial in patients with cardiovascular disease showed
that a modest 6% point reduction in dietary fat,
combined with increases in fish, fruit, vegetables,
pulses and nuts, is associated with a weight loss of 4
kg over 1 year and a reduction in cardiac events and
mortality by around 40% (13). In a recent trial that
enrolled 1000 patients the control group was
instructed to follow the National Cholesterol Edu-
cation Program Step 1 Prudent Diet, which re-
commends < 30% of energy from fat and < 10%
from saturated fat (14). The intervention group was
instructed to follow the same diet and in addition to
consume at least 250—-300 g of fruit, 125-150 g of
vegetables, 25-30 g of walnuts or almonds, and
400-500 g of whole grains, legumes, rice, maize or
wheat. Together, this achieved a 3% point reduction
in total fat content, together with a significant
increase in o-linolenic acid. The cardioprotective
effect previously reported was confirmed, and the
intervention group spontaneously reduced their
energy intake, resulting in a weight loss of 3 kg
over 2 years. These trials suggest that future dietary
intervention trials should focus more on a combina-
tion of fat reduction and increased intake of whole-
grain and fibre-rich foods.
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Sucrose versus artificial sweeteners

It has been speculated that the removal of sucrose
(carbohydrate) 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. The number of long-term intervention
studies without caloric restriction is small, and none
has lasted for more than 3 weeks (27, 28). These
intervention studies suggest that an increased intake
of artificial sweeteners decreases energy intake and
body weight compared with sucrose. The author’s
group investigated the effect of 10 week supplemen-
tation 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
caloric 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
(2.6 MJ day 1), 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 (21). 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. Calories from fluids have been shown to
be less satisfying than solid foods, and it is easier to
overconsume energy from drinks than from solids
(29). That sucrose from fluids may be fattening was
also suggested by a recent observational, prospec-
tive study in children, reporting that those with a
high intake of sugar-sweetened drinks were at an
increased risk of becoming overweight (30). It may
therefore be advisable for overweight subjects to
choose drinks and foods containing artificial sweet-
eners rather than sucrose in order to prevent weight
gain.

Protein

There is some concern that a high protein intake in
infant formulae 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 body mass index (BMI)
owing to a positive relationship with the size of the
fat-free mass, not with the amount of body fat (31).
There is also a large body of experimental data to
suggest that protein has a higher satiating power per
calorie than carbohydrate and fat in adults. The
impact on obesity and risk factors of replacing
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carbohydrate with protein in ad libitum low-fat diets
has been addressed in only one clinical trial. Two
fat-reduced diets (30% of total energy), a high-
carbohydrate diet (protein 12% of total energy) and
a high-protein diet (protein 25% of total energy)
were compared in 65 obese patients (32). Weight
loss after 6 months was 5.1 kg in the high-
carbohydrate and 8.9 kg in the high-protein group,
and more subjects lost > 10 kg 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 (33), renal func-
tion (34) or bone mineral density (35). 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.

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 shown to be affected by the quality of fat.

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 (saturated fat) (36, 37). This is probably
due to a higher diet-induced thermogenesis, an
elevated fat oxidation and a higher sympathetic
activity (36, 38). MUFA also seems to increase body
weight more than PUFA (37). 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 (39).

In humans, in a cross-sectional, observational
study, strong positive associations between the
intake of monounsaturated fats (MUFA) and
different indices of adiposity were found, whereas
high intakes of polyunsaturated fats (PUFA) and
saturated fat were only weakly related to adiposity
(40). 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 (41). A study from
Willett’s group also suggests that MUFA may be
more fattening (42).

A study on the effect of high-fat meals, differing
in fatty acid composition, on postingestive satiety in
lean subjects found that MUFA induced a lower
level of satiety and a larger subsequent energy
intake than PUFA and saturated fat (43). Intestinal
infusions of linoleic acids concordantly result in a
lower subsequent food intake than 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
exists between subject groups (44).

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, cardiac heart disease and cancer. The
author is aware only of the trial reported by Wolever
et al. (45), who randomized subjects to three
different ad libitum diets, one normal-fat high
MUFA diet and two different fat-reduced diets,
with either high or low GI. After 16 weeks, body
weight and insulin resistance were increased in the
high-MUFA diet compared with the fat-reduced
diets (46).

Conclusions

Ad libitum consumption of diets with a reduced fat
content (25-30% of energy), and high in protein
and fibre-rich, whole-grain carbohydrates, contri-
butes to the prevention of weight gain in normal-
weight subjects, and causes a spontaneous weight
loss of 3—4 kg in overweight subjects (Table 1). The
modest weight loss has proven sufficient to reduce
the incidence of type 2 diabetes and cardiac events
among subjects at high risk.

Because type 2 diabetes is associated with an
increased cardiovascular mortality and a 10 year
reduced longevity, the prevention of this disease will
substantially justify the use of low-fat diets for the
prevention of cardiovascular disease. A Mediterra-
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nean fat-reduced diet may leave room for plenty of
fruits, vegetables and fish, and such a diet has been
shown to reduce total mortality by 45-60% in
individuals with ischaemic heart disease (2).

The inverted food pyramid proposed by Willett et
al. has so far not been backed up by randomized
clinical trials that support its efficacy for weight
control. Whereas it is very likely that an increased
consumption of whole-grain and fibre-rich foods
may contribute to the prevention of weight gain and
obesity, the recommendation of increased intake of
fat (MUFA and PUFA) from plant oils, nuts, etc.,
should be viewed with caution as this clearly poses a
risk of producing weight gain. Preliminary evidence
supports that this might be the case (47) and that
the weight gain is accompanied by the expected
increased risk of complications.

In summary, more long-term, randomized clinical
trials are desperately needed to study the impact of
diet composition on weight loss, on maintenance of
weight loss and on primary prevention of weight
gain. Further, weight management is not simply a
function of the type of diet eaten, but depends on
the amount of physical activity performed. Most
studies of diet composition have not included efforts
to increase physical activity. Until more well-de-
signed studies have examined the long-term impact
of diet composition on body weight, one should not
throw the baby (the fat-reduced diet) out with the
bathwater. The author agrees with Willett that many
of the previous randomized dietary intervention
trials have many shortcomings, which should be
taken into consideration in the design of future
trials:

e lack of similar attention, food provision and
number of visits in the intervention and control
groups

e lack of compliance assessment by the use of
biological markers

e lack of standardization of the non-fat dietary
component

e lack of detailed description of other lifestyle
changes in the intervention group

e need for more focus on gene—nutrient interac-
tion?
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Table |I. Evidence for the importance of various dietary factors for body-weight regulation and obesity using evidence-based principles

Dietary factor

Association with obesity

Level of evidence

Short term ( < 6 months)

Long term ( > 6 months)

Fat (energy density) +++
Dietary fibre —
Types of carbohydrate in solid foods/glycaemic index 0
Sugar-sweetened soft drink/fruit juices ++
Artificial sweeteners -
Fruit and vegetables ?
Protein —
High MUFA diet (Willett diet) +
Palatability ?
Calcium —

Capsaicin, etc.

+

o

A (IB)
A (1B)

.V.VAN.V.V
<

B (Ila)
B (Ib)

Category A: evidence based on randomized clinical trials (IA: meta-analyses; IB: at least one trial); category B: evidence based on non-randomized trials and mechanistic

studies. (IIA: evidence from at least one non-randomized controlled clinical trial; IIB: at least one other trial quasi-experimental design); MUFA: monounsaturated fatty acid;

+: positive effect on body weight; —: negative effect on body weight (numbers of symbols indicate the strength of the effect).

Council and the Danish Food Technology and Nutrition
Program (FOTEK).
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