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The role of low-fat diets in body weight control:
a meta-analysis of ad libitum dietary
intervention studiest

A Astrup'*, GK Grunwald?, EL Melanson?, WHM Saris® and JO Hill?

' The Research Department of Human Nutrition and LMC, The Royal Veterinary and Agricultural University, Frederiksberg, Denmark;

2Center for Human Nutrition, University of Colorado Health Sciences Center, Denver, CO, USA; and 3University of Maastrichi,
Maastricht, The Netherlands

OBJECTIVES: Low-fat high-carbohydrate diets are recommended to prevent weight gain in normal weight subjects
and reduce body weight in overweight and obese. However, their efficacy is controversial. We evaluated the efficacy
of ad libitum low-fat diets in reducing body weight in non-diabetic individuals from the results of intervention trials.
DESIGN: Studies were identified from a computerized search of the Medline database from January 1966 to July 1999
and other sources. Inclusion criteria were: controlled trials lasting more than 2 months comparing ad libitum low-fat
diets as the sole intervention with a control group consuming habitual diet or a medium-fat diet ad libitum.

MAIN OUTCOME MEASURES: Differences in changes in dietary fat intake, energy intake and body weight. Weighted
mean differences for continuous data and 95% confidence intervals (Cls} were calculated.

RESULTS: Two authors independently selected the studies meeting the inclusion criteria and extracted data from 16
trials (duration of 2-12 months) with 19 intervention groups, enrolling 1910 individuals. Fourteen were randomized.
Weight loss was not the primary aim in 11 studies. Before the interventions the mean proportions of dietary energy
from fat in the studies were 37.7% {95% Cl, 36.9-38.5) in the low-fat groups, and 37.4% (36.4-38.4) 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 (3.2kg, 95% confidence interval 1.9-4.5kg; P<0.0001), and a
greater reduction in energy intake {1138 kJ/day, 95% confidence interval 564 -1712 kJ/day, P=0.002). Having a body
weight 10 kg higher than the average pre-treatment body weight was associated with a 2.6 £ 0.8 kg (P=0.011) greater
difference in weight loss.

CONCLUSION: A reduction in dietary fat without intentional restriction of energy intake causes weight loss, which is
more substantial in heavier subjects.

International Journal of Obesity (2000} 24, 1545-1552
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Introduction

Dietary guidelines recommend a reduction in total
dietary fat content to less than 30% of the energy
intake to help reduce the prevalence of obesity,
ischaemic heart disease and certain cancers. However,
the robustness of the data providing the scientific
evidence for a causal link between dietary fat and
obesity has been challenged. Katan et al/ have ques-
tioned the importance of low fat diets in the preven-
tion and treatment of obesity,! and Willett has stated
that ‘Diets high in fat do not appear to be the primary
cause of the prevalence of excess body fat in our
society, and reductions in [dietary] fat will not be the
solution’ and ‘in the longer term, fat consumption
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within the range of 18—40% appears to have little if
any effect on body fatness’.? These views have been
disseminated to the public, and many now advocate
that saturated fat be replaced by monounsaturated fat
rather than by carbohydrate. If this advice is followed
the current fat consumption, which already exceeds
the recommended level, will be maintained or even
further increased. Thus knowing whether dietary fat
facilitates body weight gain and obesity, and whether
reducing dietary fat can aid weight loss is crucial to
formulating nutritional advice and policies.

Evidence based on observational studies looking for
associations between habitual dietary fat intake and
body fatness can be confounded by lack of control for
factors such as physical activity, smoking etc, but can
also have other limitations due to the reliance on
information on dietary intakes given by the subjects
under examination. Accurate information on dietary
fat intake is difficult to achieve in populations that
have been recommended to reduce fat intake, because
they may eat a diet closer to the recommendations
during the dietary survey or specifically underreport
fat intake.? It is well established that overweight and
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obese subjects underreport their energy intake by 30—
40%,* and fat may be over-represented in this under-
reporting.” Studies in health conscious populations (eg
United States) show that high-fat foods are under-
reported, whereas low fat foods are overreported,® and
it seems to be easier to demonstrate positive associa-
tions between dietary fat intake and subsequent
weight changes in less health conscious populations
(eg China’).

A large body of short-term studies on appetite and
energy intake shows that fat is less satiating than
carbohydrate and protein when compared Joule for
Joule, and that high-fat foods are more likely than
low-fat foods to induce passive overconsumption and
weight gain®-!! Longer term low-fat intervention
studies show large variability and the inconsistent
outcomes have produced the aforementioned scepti-
cism about the effectiveness of low-fat diets. We
therefore found it pertinent to look more system-
atically at the evidence from ad libitum intervention
studies to examine the effect of reducing dietary fat on
body fatness. Hence, the aim of this review was to
conduct a meta-analysis of controlled intervention
studies of low fat ad libitum diets in order to assess
the effects on body weight, and furthermore to eluci-
date factors previously reported to influence weight
loss such as pre-treatment body weight and degree of
dietary fat reduction.?

Methods

Literature search

The initial search of the literature from January 1966
to July 1999 was conducted using Medline (US
National Library of Medicine), for studies having
the keywords ‘body weight’, ‘weight loss’, “weight
reduction’, ‘body weight changes’, ‘fat restricted’, ‘ad
libitum low fat diet’, ‘low-fat diet’, ‘low-cholesterol
diet’ or ‘reduced fat’. In addition to this search,
extensive cross referencing searches were also per-
formed and published abstracts were also evaluated
for inclusion. This procedure was carried out by two
independent investigators.

Inclusion criteria

The initial search revealed 218 publications. Studies
were then excluded if the duration of the intervention
period was less than 2 months (n =47), if the low-fat
diet was isocaloric (ie energy intake was adjusted to
maintain body weight, n=9), if total energy intake
was restricted (n=4R8), if there were other interven-
tions which could affect weight loss (n=12), if the
study involved patients with non-insulin dependent
diabetes mellitus (r=6), if drugs were given which
may have affected weight loss {(n=3), if no proper
control group existed (n=19) or if no numerical
values for the pre-treatment and final body weights
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and/or the pre-treatment and final dietary fat intake
were provided (n=41). Where results from the same
study are reported in more than one publication, the
data are only included once (n=15). A total of 16
publications reporting 19 intervention groups met
the inclusion criteria. Study characteristics are
shown in Table 1. These studies included a total of
1910 individuals, 62% women and 38% men.

Study description

Three studies were carried out in women with an in-
creased risk of breast cancer or breast dysplasia;!3-1°
eight studies reported in seven publications assessed
diets in prevention or treatment of cardiovascular
disease,'6~22 three studies examined weight loss
diets,>>~25 and five studies reported in three publica-
tions examined effects of diet on both blood lipids and
body weight.26-28 Fourteen studies were randomized
controlled trials, 13 using a parallel design and one a
cross-over design. The control groups were either
advised to maintain their regular diet or to consume
a diet with a fat content as in the background popula-
tion. Data was only included from intervention peri-
ods, rather than longer-term follow-up data. We
would have preferred to use body mass index (BMI,
weight/height?) to get a better proxy for body fatness
than provided by body weight, but BMI was not
reported in all the studies and its estimation would
have increased the error in variation. Mean body mass
index of the studies ranged from 21 to 30kg/m?. Data
abstraction was performed by two separate investiga-
tors, and the results cross checked so as to minimize
potential investigator bias in data abstraction.

Statistical analyses

The standard deviation of the difference in weight
change between the intervention and control groups
was estimated by standard equations from the reported
standard error, standard deviations or 95% confidence
intervals (CIs) of the changes within the groups and
differences between the groups. Standard methods of
meta-analysis?® were used to carry out a chi-square
test of homogeneity of study means, a fixed effects
estimate, standard error and test of the difference in
weight change between intervention and control diets,
and a random effects estimate, standard error and test
of the same difference in weight change. A linear
regression analysis was conducted to test for relation-
ships between differences in changes in body weight
in intervention and control groups and the following
independent variables: average pre-treatment body
weight, average age, gender indicator (percent of
male subjects > 50%,y/n), duration of trial and
difference between intervention and control groups
in change in percentage of energy intake from fat. A
quadratic effect of duration was considered to allow
for the possibility that weight loss was not constant
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groups. The corresponding difference in mean weight
losses ranged from —0.7 to 11.1kg. The meta-analysis
revealed that the low-fat interventions as compared
with the control groups produced an

estimated mean weight loss of 2.6 kg more (95% CI,
2.3-3.0kg; P <0.0001) in the fixed effects analysis
and 3.2kg more (1.9-—4.5kg; P<0.0001) in the
random effects analysis. The test of homogeneity of
study means gave Q=934 (df.=18, P <0.0001),
again indicating heterogeneity of study means and a
preference for the random effects analysis. Figure 2
shows these weight losses and combined estimates
along with 95% CIs. In unweighted univariate regres-
sion analyses the weight loss difference was asso-
ciated only with pre-treatment average body weight
adjusted for gender (P =10.008), but not significantly
with reduction in percentage dietary fat intake
(P =0.08), energy intake, gender or duration of trial.
In weighted univariate regressions, none of the inde-
pendent variables were significantly associated with
weight loss. In unweighted multivariate regression
both pre-treatment body weight (P=0.011) and
gender (P =0.041) were significantly associated with
weight loss, but these determinants were not signifi-
cant in a weighted multivariate regression analysis
(P=0.15, P=0.22). Excluding the high-protein arm
of the Skov et al study?’ and the high-simple sugar
arm of the Saris et al?® study did not essentially
change the results. The significant effect of pre-treat-
ment body weight (adjusted for gender) in the
unweighted regressions can be quantified using the
coefficients from the regressions. Mean difference in

Lee-Han et al. (1988)
Boyd et al. (1980)
Sheppard et al. (1991)
Kasim et al. (1983)
Pritchard et al. (1996)
Siggaard et al. (1996)
Simon et al. (1997)
Weststrate et al. (1998)
Stefanick et al. F (1998)
Stefanick et al. M (1898)
Saris et al. SCHO (2000)
Saris et al. CCHO (2000)

Weighted overall (fixed effects)
Weighted overall (random effects)
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weight loss (I—C) was greater in studies with higher
mean pre-treatment body weight. A 10kg higher pre-
treatment mean body weight was associated with a
greater difference in weight loss (I-C) of about
2.040.7 kg (P =0.008) from the univariate regression
and about 2.6+0.8kg (P=0.011) from the muiti-
variate regression.

Discussion

The meta-analysis of the results from the 19 con-
trolled ad libitum low-fat 2—12 months trials on
weight change involving 1910 individuals of both
genders shows that a reduction in the dietary energy
from fat is associated with a spontaneous weight loss
of 3.2kg more (1.9—4.5kg; P <0.0001) in the inter-
vention than in the control group. The weight loss was
not related to the duration of the low-fat intervention,
probably because weight loss plateaued after 3-6
months. For this reason the results cannot be com-
pared with the estimate by Bray and Popkin,!! who
also included trials of shorter duration and without
control groups in their review. Based on 28 trials they
found that a reduction of 10% in the proportion of
energy from fat was associated with a reduction in
weight of 16 g/day,!! which corresponds to 2.88kg
over 6 months, which is within the confidence inter-
vals of the estimate of our meta-analysis (the mean
difference in percentage dietary fat reduction was
10.8% for our studies). Another meta-analysis tested
the effect of the National Cholesterol Education

L J

f
-2000

L T T 1
0 2000 4000 6000

Energy decrease difference (I - C) kJ

Figure 1

Differences in energy intake (change in intervention minus change in control, kJ/day)} with 95% confidence intervals for 12

studies included in the meta-analysis. The weighted estimates and 95% confidence intervals from the fixed effects and random effects

meta-analysis are also shown.
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Figure 2 Differences in weight loss (change in intervention minus change in control; kg) with 95% confidence intervals for 19 studies
included in the meta-analysis. The weighted estimates and 95% confidence intervals from the fixed effects and random effects meta-

analysis are alsa shown.

Program’s Step 1 and Step II low-fat diets for reduction
of cardiovascular risk factors, but had more liberal
inclusion criteria than the present analysis and was
therefore based on 37 dietary intervention studies.?
The weight loss in the intervention groups was 2.79 kg
larger than in the control group, and there was a highly
significant relation between reduction in dietary fat and
weight loss, so that for every 1% decrease in energy from
fat there was a 0.28 kg decrease in body weight.3? In
contrast, our meta-analysis failed to detect an associa-
tion between the reduction in dietary fat and weight loss,
but this may be due to the reduced power because we
included fewer studies.

Another important finding was that the weight loss
was dependent on the pre-treatment body weight so that
each 10kg of initial pre-treatment mean body weight
related to an additional 2.0—-2.6kg weight loss com-
pared with control groups. Bray and Popkin in their
weighted regression also found a large effect of initial
weight and an added effect of being male.!! Inindividual
studies it has previously been described that weight loss
is positively correlated with pre-treatment body weight,
such as in that of Schaefer et al (r = 0.68, P < 0.001).3!
Furthermore, Siggaard et af stratified subjects partici-
pating in a low fat ad libitum trial into normal weight
(BMI < 25kg/m?) and  overweight  subjects
(BMI > 25kg/m?), and found that after 12 weeks the
normal weight group had lost significantly less than the
overweight group (2.5 vs 5.2kg).?5 Raben et a/ also
reported that initial body fat was an important determi-
nant of weight loss achieved during a low-fat diet.?!

No trials with groups of subjects with a BMI of
more than 30 kg/m? fulfilled our inclusion criteria, so

International Journal of Obesity

we cannot draw any conclusions on the potential of
ad libitum low-fat diets to produce weight loss in
obese subjects. The lack of studies in obese subjects
fulfilling our inclusion criteria is somewhat surprising,
and cannot explain the origins of the general view that
low-fat diets are not effective in producing a clinically
relevant weight loss in obese subjects.?? This assump-
tion derives from trials conducted in overweight
individuals, uncontrolled trials in obese subjects and
two randomized studies comparing the ad [libitum
low-fat diet with an energy restricted diet.3> Shah
et al found that the low-fat diet reduced body
weight by 4.4kg and the low-energy diet by 3.8kg
after 6 months.?? Jeffery et a/ found a 6 month weight
loss of 4.6kg on the low-fat diet and 3.7kg on the
low-energy diet, and similar regain in both groups
after 12 months.># These observations together with
our analysis suggest that a mean weight loss of 4—
S5kg can be obtained by obese subjects with a BMI
around 30kg/m?. Although it may be a modest out-
come in obese subjects whose weight exceeds the
normal by 35—-50kg, a 5% weight loss is considered
to have an important beneficial effect on risk of
morbidity >3

The reason for the larger weight loss with larger
body fatness is not explained by the present study but
a number of studies have suggested that genetically
predisposed subjects may be more likely to gain
weight on high-fat diets.3® Other studies have sug-
gested this susceptibility to be linked to a lower ability
to oxidize fat.>7® If a higher susceptibility to weight
gain on high-fat diets plays a role in the development
of overweight and obesity, it is plausible that a



reduction in dietary fat may also produce larger
weight loss in susceptible individuals. The results of
this meta-analysis may also have relevance for weight
maintenance in obese subjects who have lost weight
on a low-energy diet. A randomized intervention
study demonstrated that 2y after a major weight loss
a group of obese subjects who consumed an ad lib
low-fat diet had regained, on average, 5.9 kg less than
a group who cut down on all calories equally.?®
Moreover, it has been shown that persons successful
at long-term weight loss and maintenance are those
who continue to consume a low-energy, low-fat diet.#0

Apart from the pre-treatment body weight, duration
and reduction of the dietary fat content a number of
other factors may have influenced the magnitude of
weight loss. Firstly, it is not possible to conduct long-
term randomized controlled low-fat trials in a design
blinded to the participants. In studies conducted for
weight loss purposes the open design may tend to
overestimate the intrinsic effect of the low-fat diet
because the subjects in an effort to lose weight may
voluntarily restrict their total energy intake or make
other efforts to lose weight. However, in 11 of the 19
studies in this meta-analysis the goal of the study was
not related to weight loss, and in some of the studies
weight loss was even regarded as an undesirable
effect*! which was tolerated only during the first 11
weeks of the study.?! Consequently, it is not likely
that voluntary energy restriction has confounded the
outcome of the analysis severely. Secondly, in some
of the studies the control groups did not receive
counselling at similar intervals as the intervention
groups, and it is possible that this may have contrib-
uted to the observed weight loss difference. However,
in the studies by Weststrate et al and Saris et al the
normal-fat control groups received the similar degree
of counselling and all foods free of charge, and the
outcome of these studies is within the confidence
intervals of the meta-analysis. Thirdly, as with other
lifestyle changes, adherence to the diet is crucial if an
effect is to be observed. In the studies contributing to
this meta-analysis, dietary compliance was
assessed by dietary records, which allowed a calcula-~
tion of energy and macronutrient intake during the
trial. However, one should keep in mind that the
information about the diet intake is self-reported by
the participants and the validity is therefore question-
able and the information may be idealized. If dietary
fat intake is underreported the impact of low-fat diets
on weight loss is underestimated and for a given
dietary fat reduction the weight loss would be greater
than estimated from the present analysis. Low-fat
diets should not be blamed for lack of efficacy if the
real reason for the lack of observed effect is the
subjects’ resumption of their former high-fat dietary
habits. However, it remains to be seen whether the
modest long-term effect of low-fat diets on body
weight is due to non-compliance, or whether the
subjects compensate when they become adapted to
the low-fat diet.
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In conclusion, this meta-analysis, based on 19
controlled, ad libitum, low-fat, 2—12 month interven-
tion studies, shows that ad libitum, low-fat diets cause
weight loss. The effect is more pronounced in subjects
with a higher initial body weight. The meta-analysis
revealed a 3.2kg greater weight loss as a result of
consuming a low-fat ad libitum diet. A decrease in the
body weight of this magnitude in the general popula-
tion could reduce the prevalence of obesity from 25%
to 15%.%3 Even a few kilograms weight loss on a low-
fat diet may, therefore, have an important public
health impact, but increases in daily physical activity
would also be desirable to strengthen the effect of
preventive efforts.
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