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1. Background

The National Heart Foundation of Australia's review of the relationship between
dietary fat and cardiovascular disease (CVD) found good evidence of an association
between an increased intake of saturated fat and increased risk of coronary heart
disease (CHD) and that replacing the saturated fat with polyunsaturated, and to a
lesser extent monounsaturated, type fats improves CVH risk factors (National Heart
Foundation of Australia 1999). This review also indicated little evidence linking
coronary events or death to the amount of total fat in the diet. Consequently, the
National Heart Foundation of Australia (NHFA) policy on dietary fat does not include
a recommendation for intakes of total dietary fat for the prevention of CVD. However,
it has been suggested that dietary fat intake could increase the risk of CVD indirectly
by increasing the risk of overweight and obesity.

Obesity is an independent risk factor for morbidity and mortality related to coronary
heart disease (CHD) (World Health Organization (WHO) 1998; Krauss et al. 1998;
Willett 1995; Rimm et al. 1995). It is associated with risk factors of CHD such as
hypertension, non insulin dependent diabetes mellitus, alterations in homeostatic
variables, hypertrigyceridaemia and reduced high density lipoprotein cholesterol
(HDL) levels (Hubert 1983; Krauss et al. 1998). Weight gain increases the risk of
heart disease and mortality in both moderate and severe overweight (Calle et al.
1999; WHO, 1998). Short term studies suggest weight loss (of up to 10%) improves
several health biomarkers, including blood pressure and serum lipids (WHO, 1998).
However, the benefits of long term weight loss in terms of morbidity and premature
mortality is yet to be demonstrated in well-designed studies (Institute of Medicine
1995; WHO 1998).

Body Mass Index (BMI) is recommended for assessing overweight and obesity and
monitoring changes in body weight (National Institute of Health (NIH) 1998). In
adults, a BMI greater than or equal to 25 is classified as overweight and a BMI
greater than or equal to 30, obesity (WHO 1998; NIH 1998). In 1995, 63.7% of adult
Australian men and 47.0% of women were overweight or obese (Australian Bureau of
Statistics (ABS) 1997). In children aged seven to 15 years, 15.0% of boys and 15.8%
of girls were overweight and a further 4.5% of boys and 5.3% of girls were obese
(Magarey et al. 2001). In both adults and children, the prevalence of overweight and
obesity has increased substantially since the 1980s (Eckersley 2001; Magarey et al.
2001).

There are many factors implicated in weight gain, including genetic, metabolic,
psychosocial and environmental influences (NIH 1998). It has been argued that the
dramatic increase in the prevalence of obesity around the world is primarily due to
environmental factors, primarily sedentary lifestyles and consumption of high-fat
energy-dense diets (WHO 1998; Walker et al. 1999b).

Dietary fat reduction has been recommended as a useful weight management
strategy (Bray & Popkin 1998; WHO 1998). More recently, the association between
dietary fat and obesity has been questioned (Shah & Garg 1996b; Willett 1998).
According to Willett (1998), the increasing prevalence of obesity in the US since
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1976, despite an apparent decline in percent energy from dietary fat, suggests that
there is no association between dietary fat intake and overweight. However, Bray &
Popkin (1999) argue that the decline in fat intake might not be sufficient to influence
the incidence of obesity. Furthermore, underreporting of higher fat foods may
underestimate percent energy from fat.

To determine whether a recommendation for dietary fat intake was required in terms
of CVD risk reduction, a rigorous review of the scientific literature was conducted to
investigate the relationship between dietary fat and overweight/obesity. Interactions
between dietary fat and other dietary factors as well as physical activity levels, body
weight status, gender and age were considered.

2. Methodology

The specific research questions of this review were:
• To determine whether dietary fat*, independent of energy intake, is a risk factor

for the development and progression of overweight and obesity
• To assess the effectiveness of fat reduction strategies relative to other dietary

strategies for achieving weight loss in overweight and obese individuals and
weight maintenance in normal weight, overweight and obese individuals.

*Dietary fat intake measured as either % energy from fat (% E fat) or/and absolute fat
intake (grams), adjusted for energy intake, were examined.

Articles were identified by searching Medline and the Cochrane Library up until July
2001. Keywords included “dietary fat”, “dietary protein”, “dietary carbohydrate”,
“dietary fibre”, “glycaemic index”, “body weight”,  “BMI”, “overweight”, “satiety” and
“energy density” as well as key authors. Citations were identified from key reviews on
the topic, clinical guidelines for the management of overweight and obesity and
through consultation with colleagues working in the area.

Abstracts were assessed to determine whether the study was designed specifically to
investigate the effect of diet composition on body weight. Animal studies were
excluded. Studies were included if they contained a measure of body weight at
baseline and post intervention (i.e. BMI, absolute weight loss or percentage of body
weight loss). The effect of weight loss on CVD risk factors was not examined.

Long-term follow up of a representative cohort is considered the ideal study design
for answering questions related to aetiology and risk factors (National Health and
Medical Research Council (NHMRC) 2000). To determine whether the association
between dietary fat intake and the development of overweight and obesity is causal,
it is recommended that issues such as biological plausibility and the existence of a
dose-response relationship be considered. Randomised controlled trials are
recommended for determining the effects of an intervention. Controlled trials (ad
libitum and energy controlled), of at least 6 weeks in duration, were reviewed to
assess the effectiveness of fat reduction compared to other dietary strategies on
weight reduction or weight maintenance.
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The following criteria were considered in appraising the evidence (Sempos et al.
1999; Seidell 1998; NHMRC 2000):
• Consistency in the evidence across a range of study designs.
• The quality of the study, particularly relating to measurement bias.
• The size of the effect.
• Demonstration of a biologically plausible mechanism.
• Relevance of the evidence to the Australian population.

The following framework was used to assess the evidence:

‘Good Evidence’ ‘Moderate
Evidence’

‘Little Evidence’

Level of
evidence

Consistency
across several
study designs,
including long
term intervention
studies

Inconsistency
across study
designs; Use of
surrogate
measures;
Limited number
and type of
studies

Inconsistency
across study
designs;
Limited number
and type of
studies

Quality of the
evidence

Measurement
bias adequately
minimised

Limited in quality Limited in quality

Size of the effect Statistically
significant.

Effect possibly
due to
measurement
bias

Effect possibly
due to
measurement
bias

Mechanism Metabolic studies
in humans

Metabolic studies
in humans

Lack of metabolic
studies in
humans

3. Evidence from epidemiological studies

3.1 Ecological studies

Several ecological or between-population studies have used aggregate level
population data (usually national food balance data) to correlate dietary fat intakes
with prevalence of overweight and obesity (Bray & Popkin 1998; Lissner & Heitmann
1995). A positive association between consumption of dietary fat (% E fat) and BMI
have been reported in some studies, but not in others (Bray and Popkin, 1998;
Lissner & Heitmann 1995). It is generally acknowledged that evidence from
ecological studies is limited due to differences in physical activity levels, smoking,
availability of food and affluence, as well as the variable quality of the dietary intake
data (Willett 1999a; Bray & Popkin 1998; Lissner & Heitmann 1995).
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3.2 Cross-sectional studies

Many cross-sectional studies have been conducted in individuals within the same
population to examine the correlation between intake of dietary fat (mainly % E fat)
and body fatness (mainly BMI). Most cross-sectional studies provide statistical
evidence of an association (correlation coefficients ranging from 0.17 to 0.38)
between % E fat and body fat in free-living populations (Lissner & Heitmann 1995).
However, a number of studies have reported no association (Lissner & Heitmann
1995). Similarly, results from cross-sectional studies in children are inconsistent
(Davies 1997; Gazzaniga & Burns 1993; Guillaume et al. 1998; Lissner & Heitmann
1995). Inconsistency in study findings may be explained by differences in diet
methodology and in the measurement of confounders, such as energy intake,
physical activity, age and cigarette smoking (Shah & Garg 1996b). Shah and Garg
(1996b) identified four cross-sectional studies which controlled for all potential
confounders. Two studies reported an inverse and no relationship between obesity
and energy or fat intake, whereas the other two found obese individuals consumed
more energy and more dietary fat (independent of energy intake) than lean
individuals. However, % E fat explained only 1.6% of the total variation in body fat.

Since indices of obesity and dietary fat intake are measured simultaneously, cross-
sectional studies are not considered sufficient to establish causation (Sempos et al.
1999).

3.3 Cohort studies

In adults, weight change is a better indicator of changes in energy balance and body
fat than a single measure of body weight (Seidell 1998). Consequently, the evidence
from cohort studies, where dietary fat intake has been measured at baseline in a
group of individuals and changes in body weight monitored over time, has been
examined.

3.3.1 Adults

Relevant cohort studies identified as part of the literature search are described in
Table 1. Participants were selected from health surveys (Rissanen et al. 1991;
Paeratakul et al. 1998; Klesges et al. 1992; Jorgensen et al. 1995), on-going cohorts
(Colditz et al. 1990; Lissner et al. 1997; Heitmann et al. 1995; Jorgensen et al. 1995)
or recruited via advertisements (Kant et al. 1995). Follow-up varied from around 70 to
90%. Baseline dietary fat intake was measured using a range of methodologies and
averaged approximately 37% energy from fat (% E fat) in most studies, except for
one study conducted in China (about 20% E fat) (Paeratakul et al. 1998). Only one
study measured dietary fat intake more than once (Klesges et al. 1992). Most studies
analysed the association between weight gain and dietary fat as continuous
variables. Lissner et al. (1997) compared weight change in high fat consumers
(>38.5% E fat) with low fat consumers (<38.5% E fat). Only one study stratified
dietary intake according to quartiles of % E fat but found that there were no clear
trends between quartiles of % E fat and weight change in men or women (Kant et al.
1995). Although all studies controlled for total energy intake, not all possible
confounding factors were controlled making it difficult to compare study results.
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One study reported no association between dietary fat (% E fat) and weight change
(Jorgensen et al. 1995). Another study reported a positive association between
dietary fat (% E fat) and weight change (Klesges et al. 1992). The positive
association between dietary fat and weight change reported in other studies was
dependent on age (Kant et al. 1995), gender (Rissanen et al. 1991; Paeratakul et al.
1998; Kant et al. 1995), health status (Kant et al. 1995), activity levels (Lissner et al.
1997), and genetic predisposition (Heitmann et al. 1995).

The association between % E fat and weight change in both men and women
appears to be stronger in younger people. Kant et al. (1995) found an inverse
association between % E fat and weight change in women aged 50 years and over
(P=0.55), which became significant in women less than 50 years of age (P=0.04).

Several studies reported differences in the association between % E fat and weight
change according to gender. In Finland, neither the intake of energy nor that of any
of the macronutrients predicted weight gain in men. In Finnish women, the risk of
gaining five or more kilograms in 5.7 years in the highest quintile of intake of energy
(RR=2.0 (95% CI,1.2-3.3),  fat (RR=1.7 (95% CI,1.1-2.7), carbohydrate (RR=1.7
(95% CI,1.0-2.6),  and protein (RR=2.0 (95% CI,1.2-3.3),  was almost twice that of
the lowest quintile, after adjusting for potential confounders (Rissanen et al. 1991). In
contrast, studies in China and the US suggest that the association is positive in men
but not in women (Kant et al. 1995; Paeratakul et al. 1998).

The Nurses’ Health Study suggests dietary intake changes as a result of weight gain
(Colditz et al. 1990). Prior to weight gain, there was a positive relationship between
weight gain and intakes (grams per day) of total and type of dietary fat as well as
sucrose. After subsequent weight gain, an inverse relationship was found between
weight gain and total fat, vegetable fat, trans fatty acid, oleic acid, linoleic acid and
sucrose. Similarly, the inverse relationship between intakes (grams per day) of
protein and dietary fibre and prior weight gain was reversed to a positive relationship
with subsequent weight gain.

Physical activity and genetic predisposition was shown to modify the effect of dietary
fat on weight gain in women (Lissner et al. 1997; Heitmann et al. 1995). Dietary fat
intake was associated with weight gain in sedentary women but not in active women
(Lissner et al. 1997). Sedentary women consuming a high fat diet (42.3% E fat and
100.2 g fat/day) gained 2.6 kg over 6 years whereas those on a low fat diet (34.1% E
fat and 73.2 g fat/day) lost 0.6 kg (see Table 1).

Genetically predisposed women, with one or more obese parents, were more
susceptible to weight gain when exposed to high dietary fat intakes (Heitmann et al.
1995). Women predisposed to obesity who consumed a diet consisting of 40-45% E
fat gained 3.5-5.2 kg over 6 years.

The effect of diet on weight gain is small when compared to the effect other non
dietary factors have on weight gain. Diet was less predictive of body fat or weight
than non dietary factors, particularly physical activity, age and prior weight gain
(Rissanen et al. 1991; Colditz et al. 1990; Jorgensen et al. 1995). In men, an
increase in fat intake of 100 Kcal was associated with an increase in BMI of 0.036
kg/m2. In comparison, an increase in physical activity by one level (physical activity
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levels were divided into sedentary, moderate and strenuous according to self
reported physical activity level at occupation) was associated with a decrease in BMI
of 0.12 kg/m2 in women (Paeratakul et al. 1998). For both genders, an average
increase in age of about two years was associated with an increase in BMI of about
0.11 kg/m2 (Paeratakul et al. 1998). Colditz et al. (1990) found that age and prior
weight gain were much stronger predictors of weight change than dietary intake.

3.3.2 Children

Several cohort studies have been conducted in children. Measurement of obesity in
children is problematic due to differences in growth patterns. A simple measure of
body fat, such as BMI, is not ideal for assessing obesity in children because it
covaries with height (Bellizzi and Dietz, 1999). Until recently, there has not been an
internationally acceptable index to assess childhood obesity nor an established cut-
off to define overweight in children (Bellizzi and Dietz, 1999). Consequently, obesity
has been assessed and defined differently in studies, making it difficult to compare
results.

A 3-year study in 146 American preschool children aged 4 years found baseline
levels of % E fat were positively associated with changes in obesity status based on
1987 Department of Health and Human Services Norms (P=0.05), after adjusting for
known risk factors. BMI increased by 0.168 kg/m2 as % E fat increased by 5% over
the 3 yrs (Klesges et al. 1995). However, in a cohort of 112 French children, protein
intake (% E protein) at 2 yrs of age, but not dietary fat intake, was positively
correlated with BMI and subscapular skinfold at 8 years after adjustment for energy
intake and parental BMI (Rolland-Cachera et al. 1995).

A study in 4 year old children, selected according to their familial risk of obesity,
reported significantly higher dietary fat intakes (34.4% E fat; P=0.0004) in the high
risk group (defined as having one to two overweight parents) compared to the low
risk group (32.1% E fat) (Eck et al. 1992). After 1 year, the high risk group gained
marginally more weight than the low risk group (P=0.05). However, the difference in
weight gain was small (2.5 vs 2.2 kg) and may have been affected by physical
activity, which was marginally lower in the high risk group (Eck et al. 1992).

A 4-year study in 112 children aged 8.6 years found that parents' obesity was the
main risk factor for obesity and that dietary intake did not significantly affect risk of
obesity (defined as relative BMI >120%) (Maffeis et al. 1998).

A recent analysis of data from an Australian longitudinal study of children (2 to 15
years) over a 13 year-period reported no significant associations between BMI
(converted to standard deviation scores) and intake of any macronutrient estimated
from three-day and four-day weighed food records (Magarey et al. 2000). However,
there was a positive association between dietary fat intake (g/day) and tricep
(P<0.05) as well as subscapular (P<0.01) skinfolds (converted to standard deviation
scores). Dietary fat intake (g/day) at 6 years was a significant predictor of BMI (SD
score) at 8 years (P<0.01) and dietary fat intake (g/day) at 2 years was a significant
predictor of subscapular skinfolds (SD score) at 15 yrs (P<0.01). Previous body
fatness had the greatest effect on subsequent body fatness (Magarey et al. 2000).
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The risk of a high fat mass, (defined as percentage of body fat >20% for males and
>30% for females and BMI > 25kg/m2) estimated from the sum of four skinfolds and
body mass, was measured in a Dutch cohort of 13 year-old children who were
followed over a period of 20 years until the age of 32 years (Kemper et al. 1999).
Lifestyle factors discriminating high- from low-risk participants included physical
activity [OR=0.81 (0.69 to 0.96)] and % E protein [OR=1.5 (1.2 to 1.8)] but not % E
fat.

3.4 Measurement bias in epidemiological studies

The variables involved in studying the association between dietary fat and obesity
are measured by proxy and hence vulnerable to measurement bias (Seidell, 1998).
Differences in the methods used to measure obesity and especially dietary fat intake
may explain some of the inconsistency across studies.

3.4.1 Under-reporting

Accurate collection of dietary intake is particularly problematic in nutritional
epidemiology. A comparison of total energy intake (indicated by food records) with
total energy expenditure (doubly labelled water technique) suggests total energy
intake is under-reported by up to 20% in both men and women (Martin et al. 1996).
Underreporting may be more prevalent in overweight and obese subjects (Ballard-
Barbash et al. 1996) and in women (Macdiarmid et al. 1998). It has been suggested
that obese subjects underreport dietary fat intake (measured by a diet history) more
than total energy intake (Heitmann & Lissner 1995). Selective underreporting of
dietary fat intake (measured by food records) has been reported in obese men (Goris
et al. 2000). Failure to report between-meal snack foods suggests that under-
reporting may differ according to the type of food (Krebs-Smith et al. 2000; Poppitt et
al. 1998). It is unclear whether underreporting differs according to the diet
methodology used.

Cross-sectional studies suggest under-reporting can change the relationship
between dietary fat and obesity (Gibson, 1996; Macdiarmid et al. 1998; Samaras et
al. 1998). Excluding underreporters weakened the association between dietary fat
intake and BMI in men. In women, the relationship between absolute dietary fat
intake and BMI became significant and the negative relationship (P=0.02) between
consumption of high fat sweet products and BMI was reversed to a positive
association (P=0.04) when underreporters were excluded (Macdiarmid et al. 1998). A
study in 436 middle-aged female twins reported no relationship between intake of
total or type of dietary fat and BMI, total or central adiposity after excluding
underreporters and controlling for environmental and genetic factors (Samaras et al.
1998).

Dietary methods, such as 24 hour recall, may not capture usual dietary intakes of
overweight people who are more likely to be on an energy restricted diet (Ballard-
Barbash et al. 1996). Few studies monitored secular changes in dietary intake and
physical activity.
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3.4.2 Absolute dietary fat intake vs percent energy from fat

The way in which dietary fat intake was measured may also explain differences in the
reported association between dietary fat and overweight and obesity. Macdiarmid et
al. showed that absolute dietary fat intake was significantly related to BMI in both
men (P=0.010) and women (P=0.003). However, % E fat was significantly related to
BMI in men (P=0.004), but not in women. Similarly, the inverse relationship between
BMI and % E fat, carbohydrate or sucrose was reversed to a positive association
when dietary fat was expressed in grams/day (Macdiarmid et al. 1996; Drewnowski et
al. 1997).

3.4.3 Adjusting for energy intake

Since dietary fat and energy intake are highly correlated, it is necessary to adjust for
total energy intake in order to determine whether the relationship between dietary fat
intake and obesity is independent of the effect of energy intake (Beaton et al. 1997).
Methods used for adjusting energy intake include the standard multivariate model,
the multivariate nutrient density model, the nutrient residual model and the energy-
partition model (Willett et al. 1997). Although most cohort studies and recent cross-
sectional studies have controlled for total energy intake, different methods for
adjusting total energy intake have been used which will influence study results
(Beaton et al. 1997). Even so, because dietary fat is so highly correlated with total
energy intake, controlled trials are required to distinguish the effects of dietary fat
independent of total energy intake (Sempos et al. 1999; Beaton et al. 1997).
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3.5 Summary of evidence from epidemiological studies

The association between dietary fat and obesity reported in cohort studies, which
were conducted in different population groups, was inconsistent. Underreporting and
the limitations of diet methods can partly explain the inconsistency in these findings.
The majority of cohort studies measured dietary fat intake only once and none
excluded underreporters. Most studies have measured dietary fat intake in terms of
dietary fat concentration (% E fat). It is unclear whether the relationship between
body weight and dietary fat differs when expressed as energy-controlled absolute
dietary fat intake (grams/day).

Few studies reported an association between total energy intake and weight gain,
possibly due to the confounding effect of physical activity (Shah & Garg 1996b).
Physical activity has generally been inadequately assessed, if at all, relying mainly on
self-reported activity levels. Although most studies controlled for energy intake, few
controlled adequately for physical activity levels, making it difficult to separate the
effect of dietary fat from that of physical activity (Seidell, 1998). In children, physical
activity was shown to be an important determinant of overweight and obesity.

The lack of variation in dietary fat intake in study populations and the large within-
person variation in dietary intake make it difficult to find an association between
dietary fat intake and weight gain in cohort studies (Sempos et al. 1999).
Furthermore, the relationship between dietary fat and weight gain may differ
according to level of physical activity, age, gender and genetic background. However,
compared to the effect of non dietary factors, such as physical activity, on weight
change, the effect of dietary fat is small and may not make a significant impact on
body weight over the long term (Shah & Garg 1996b; Seidell, 1998). No study
reported a dose response relationship between dietary fat intake and weight gain.

Due to these methodological limitations, an evaluation of the relationship between
dietary fat intake and overweight and obesity requires consideration of information
from observational epidemiology as well as experimental and clinical intervention
studies (Sempos et al. 1999).
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4. Mechanisms

To confirm whether dietary fat plays a role in the aetiology of overweight and obesity
suggested in some cohort studies, biologically plausible mechanisms must be
identified which explain how dietary fat might increase the risk of weight gain.

It is well established that body weight remains stable as long as energy intake
matches energy expenditure (WHO, 1998). Energy intake in excess of energy
expenditure results in energy storage and weight gain. Hence dietary fat could affect
energy balance by influencing energy storage, energy expenditure or energy intake.

4.1 The effect of dietary fat on energy storage

Several experimental studies have shown that protein and carbohydrate promote
their own oxidation whereas fat influences its own oxidation only weakly or not at all
(Schutz, 1995; Tremblay et al. 1989). An increase in dietary fat intake produces a
positive fat balance, whereas an increase in carbohydrate intake results in a negative
fat balance (Proserpi et al. 1997; Schutz, 1995). It has therefore been suggested that
dietary fat is more efficiently stored than carbohydrate (Proserpi et al. 1997; Schutz,
1995).

The effect of dietary fat on risk of overweight may vary according to the type of fatty
acid. Since the type of dietary fatty acid consumed, influences membrane lipid
composition, it may also affect metabolic activity (Pan et al. 1994). Some research
suggests that saturated fats are predominantly stored whereas n-3 polyunsaturated
fats are preferentially oxidized (Storlien et al. 1998). A study in 7 lean and 8 obese
subjects over 14 days investigated the effect of meals differing in the ratio of
saturated to polyunsaturated fatty acids on components of the thermic effect of food.
Overall, total dietary fat, irrespective of type of fat, and carbohydrate oxidation did not
differ significantly across groups (Jones et al. 1992).

The effect of macronutrient composition on fat storage may only be evident when
excess energy is available for storage in the adipose tissue. Under conditions of
energy balance, the body seems capable of adapting to variations in fat and
carbohydrate intake without displacing macronutrient stores (Stubbs et al. 1993).
Normal weight subjects can adjust fat oxidation in response to increased fat intake
within 7 days, depending on physical activity levels (Schrauwen et al. 1997). A study
which provided 7 pairs of normal weight identical twins with either a low fat (20% E
fat) or high fat (40% E fat) diet over 18 days reported no differences in fat oxidation
rates between the two diets. Instead, post-prandial fat and carbohydrate oxidation
rates tended to reflect the diet’s macronutrient ratios (Salzman et al. 1997).

In conditions of overfeeding, short term studies (conducted over 24 hours or less)
suggest that fat overfeeding results in fat storage, whereas carbohydrate overfeeding
results in increased carbohydrate oxidation and limited de novo lipogenesis (Shah &
Garg 1996b). However, longer term studies (>24 hours) indicate that habitual
overfeeding leads to a gain in fat stores, irrespective of the fat and carbohydrate
content of the diet (Shah & Garg 1996b). Horton et al. (1995) calculated energy
storage in an overfeeding study lasting 14 days. Although carbohydrate overfeeding
resulted in 75% to 85% of excess energy being stored compared to 90 to 95% with
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fat overfeeding, there was no significant difference between diets in body weight or
body composition. By the end of the 14 days there was no difference in the
proportion of energy stored as body fat. More recently, a 96-hour continuous whole-
body calorimetry study provided 50% excess energy as either fat or different sources
of carbohydrate and reported no differences in macronutrient oxidation or fat balance
in lean and obese women (McDevitt et al. 2000). The authors concluded that the
effect of diet type on fat balance is not mediated through differences in their
metabolic actions with respect to disposal or total energy expenditure.

Flatt (1995) proposed that energy regulation is dependent on carbohydrate balance
due to its limited storage capacity in the body. It is unlikely that food intake is
regulated to maintain carbohydrate balance as proposed by Flatt (Proserpi et al.
1997; Stubbs et al. 1993).

4.2 The effect of dietary fat on energy expenditure

The components of energy expenditure consist of diet-induced thermogenesis, the
basal metabolic rate (BMR) and physical activity. The contribution of diet-induced
thermogenesis remains constant at about 10% whereas the contribution of BMR
varies from 40 to 60%, depending on the level of physical activity (WHO, 1998).

A study comparing energy balance of 6 normal weight men in a calorimeter with that
of free-living conditions found subjects on the medium fat diet (40% E fat) in the
sedentary condition were in positive energy balance whereas in the free-living
condition, they were in negative energy balance (Stubbs et al. 1995). This study
demonstrates the critical role physical activity can play in preventing positive energy
balance.

In conditions of energy balance, no differences in energy expenditure have been
reported over a range of diets containing from 10-80% E fat (Prentice, 1998).
However, a recent study in 12 mildly obese men over four days found that
substitution of carbohydrate with 17-18% E as either pork meat or soy protein
produced a 3% higher twenty-four hour energy expenditure (Mikkelsen et al. 2000).

4.3 The effect of dietary fat on energy intake

Since dietary fat may be highly correlated with energy density, it has been proposed
that together with its palatability, dietary fat creates a “fat-related hyperphagia”,
overriding normal signals of satiety and leading to passive overconsumption (Blundell
et al. 1999). Several studies suggest that dietary fat exerts relatively weak effects on
satiation and satiety compared to carbohydrate and protein (Blundell et al. 1993).
Satiety refers to the effects of a specific food or meal on subsequent food intake after
eating has ended. Satiation refers to the processes involved in the termination of a
meal.

Studies conducted over 2 to 11 weeks in normal weight women and men reported
significantly higher energy density and energy intake on high fat diets (40-60% E fat)
than on low fat diets (20-25% E fat) resulting in positive energy balance and weight
gain (Stubbs et al. 1995; Lissner et al. 1987; Kendall et al. 1991). However, in these
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studies, both macronutrient composition and energy density varied, making it difficult
to separate the effect of dietary fat from energy density.

Studies in which energy density and palatability were kept constant found no effect of
dietary fat content on voluntary energy intake in normal weight women and men (van
Stratum et al. 1978; Stubbs et al. 1996; Salzman et al. 1997). A 2-week study
provided 22 normal weight women with liquid formula diets and snacks varying in
carbohydrate and fat content, but similar in energy density, appearance and
palatability (van Stratum et al. 1978). There was no significant difference in energy
intake on the high fat (47% E fat) compared to the low fat (24% E fat) diets and body
weight was maintained on both diets. A study in which 6 normal weight men had ad
libitum access to a low-fat (20% E fat), medium fat (40% E fat) and high fat (60% E
fat) diets over 14 days found that the increase in energy intake reported on high fat,
high energy dense diets in previous studies no longer existed when energy density
was controlled (Stubbs et al. 1996). Similarly, dietary fat intake (20% E vs 40% E)
had no significant effect on voluntary energy intake when energy density (5 kJ/g),
fibre and palatability were controlled in seven normal weight identical male twins over
9 days (Salzman et al. 1997). These studies suggest that high fat diets do not result
in excess energy intake when confounding dietary factors, such as energy density
and palatability, are held constant.

4.4 The effect of energy density on energy intake

Studies where energy density was manipulated independently of fat content confirm
that energy density affects energy intake directly. Stubbs et al. (1998) used
maltodextrin to manipulate the energy density of high carbohydrate diets (66% E
carbohydrate) over 14 days in 6 normal weight men. Voluntary energy intake was
higher on the high (6.3 kJ/g) compared to the low (3.6 kJ/g) energy dense diet
despite similar proportions of dietary fat in both diets (Stubbs et al. 1998). A study in
18 normal weight women manipulated energy density by changing the proportion of
low-fibre vegetables and pasta, hence the water content of foods, whilst keeping
palatability and macronutrient composition constant. The amount of food consumed
remained constant, so that more energy was consumed when high energy dense
foods (4.8 to 5.9 kJ/g) were consumed compared to low energy dense foods (3.1 to
4.0 kJ/g) (Bell et al. 1998).

The independent effect of energy density and dietary fat was determined in a study of
17 lean and 17 obese females over 4 days. Energy density was manipulated by
varying the water and fibre content of foods. Both lean and obese women reduced
energy intake by 16% in the low (4.4 kJ/g) compared to the high (6.7 kJ/g) energy
density condition. In contrast, there was no difference in energy intake when the fat
content of foods was manipulated from 16% to 36% E fat (Rolls et al. 1999a). A
recent study in lean and obese women examined the effect of energy density on
energy intake using meals representative of the typical American diet. There were no
differences between lean and obese women. Both consumed 20% less energy on
the low (5.23 kJ/g) than on the high (7.32 kJ/g) energy density condition, irrespective
of the fat content of the meals (Bell & Rolls 2001). These studies suggest that when
palatability and energy density are controlled, fat and carbohydrates have similar
effects on energy intake. Hence, energy density, rather than dietary fat per se, is a
major determinant of energy intake regardless of macronutrient content (Rolls 2000).
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Since high energy dense foods tend to be smaller in amount (by weight or volume)
than low energy dense foods, the volume or weight of food may regulate food intake
(Rolls, 2000; Drewnowski, 1998). Several studies have shown that people eat a
constant weight of food which implies that energy density is a critical determinant of
energy intake (Rolls, 2000; Kendall et al. 1991; Stubbs et al. 1996; Stubbs et al.
1998a). However, differences in the weight of food consumed have been reported,
suggesting that other factors may affect energy intake. A recent study in 6 normal
weight men compared the effect on food intake over 14 days of mixed diets differing
in energy density but not in macronutrient composition (39% E fat; 48% E
carbohydrate; 13% E protein). Solid food intake decreased as energy density
increased where subjects consumed 12% and 19% less solid food on the medium
energy dense diet (5.5 kJ/g) and high energy dense diet (7.4kJ/g) than on the low
energy dense diet (3.7 kJ/g). Nevertheless, this degree of caloric compensation was
insufficient to prevent an increase in energy intake with increasing energy density
and weight gain of 0.95 kg on the high energy dense diet (Stubbs et al. 1998a).
Subjects lost 1.2 kg on the low energy dense diet and maintained weight on the
medium energy dense diet. The authors noted that subjects on the high energy
dense diet consumed more fluids and hence failure to differentiate between fluid and
food intake may explain differences in study results.

Energy intake has been shown to differ according to the volume of food consumed.
The effect of food volume on energy intake may differ from the effect of food weight
on energy intake (Bell & Rolls 2001). A study in 20 normal weight men measured
energy intake at lunch after preloads varying in volume but similar in palatability,
energy and fat content. Energy intake was less after the 600ml preload than after the
300ml preload suggesting that the volume of foods can affect satiety independent of
its energy or macronutrient content (Rolls et al. 1998). Another study showed how
the water content of the food (eg. casserole vs soup), but not drinking water with a
meal, affects energy intake (Rolls et al. 1999). According to Rolls (2000), the water
content of foods is a critical determinant of energy density, having a larger effect than
fat or fibre.

Changing the energy density of only one or a few foods at a single meal is unlikely to
affect energy intake to the same extent as when the energy density of a significant
portion of the diet is decreased (Rolls et al. 1999a). A study compared the effect on
energy intake and energy density of reducing fat in a single meal compared to all
meals consumed over 12 days by 6 normal weight men (Poppitt, 1998). Reducing the
fat content of only a portion of the diet was insufficient to reduce overall daily energy
intake.

4.5 The effect of palatability on energy intake

Energy dense foods are generally palatable but not satiating making it difficult to
separate these factors from energy density in real life (Drewnowski, 1998). A study in
11 normal weight and 9 post obese subjects over 14 days compared the impact of a
high sucrose (29% E fat; 59% E carbohydrate, 23% E sucrose) to a high starch (28%
E fat; 59% E carbohydrate; 2% E sucrose) and high fat diet (46% E fat; 41% E
carbohydrate; 2% E sucrose) on ad libitum energy intake and body weight (Raben et
al. 1997). The energy density of the high sucrose diet (6.9 kJ/g) was comparable to
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the high starch diet (6.4 kJ/g) and significantly lower than the high fat diet (8.2 kJ/g).
However, average energy intake was significantly higher on the high sucrose (10.3
MJ/d) than on the high starch diets (9.1 MJ/d) and comparable to the high fat diet
(10.2 MJ/d). Consequently, there was a significant decrease in body weight (0.7 kg,
P<0.05) on the high starch diet compared to the high sucrose and high fat diets.
Although the high sugar and high fat diets differed significantly in terms of energy
density, they had similar impacts on energy intake. This study therefore suggests that
factors affecting satiety such as the palatability of the diet and the form of food
consumed may also affect energy intake. The high sucrose diet was the most
preferred by subjects and contained large amounts of sucrose-containing drinks
which may be less efficient at increasing satiety and suppressing food intake
compared with solid foods.

Energy density, palatability and energy intake are highly interrelated. Path analysis
showed that the influence of energy density on energy intake was in part direct, and
in part indirect and mediated by palatability (McCrory et al. 2000).

4.6 The effect of other factors on energy intake

It is necessary to consider the effect of non-dietary factors on energy intake, such as
visual, cognitive and physiological cues. For instance, knowledge of eating an
amount of food that constitutes a culturally acceptable meal or knowledge of portion
size appropriate for the satisfaction of hunger can both affect food intake (Rolls & Bell
1999b). Studies have shown that food labels can influence food intake, particularly in
restrained eaters (Miller et al. 1998; Rolls et al. 1992).

The association between the variety of foods consumed and body fatness was
analysed using 6-month dietary intake reports from a food frequency questionnaire
completed by men and women and accurate measurements of body fatness by
underwater weighing. Dietary variety was positively associated with energy intake
where individuals who consumed a high variety of sweets, snacks, condiments,
entrees and carbohydrates and a low variety of vegetables were more likely to have
high levels of body fat (McCrory et al. 1999). In another study, a positive association
between frequency of consuming restaurant foods and body fatness was reported,
possibly due to the high energy density, large portion size, palatability and variety of
foods available in the restaurant setting (McCrory et al. 2000). Large portion sizes
have been shown to increase energy intake (McCrory et al. 2000).

Energy intake in response to dietary fat manipulations may be influenced by genetic
factors. Familial differences in response to dietary fat manipulations have been
reported (Salzman et al. 1997). Within twin pairs, there was a significant relation
between proportion of body fat and difference in energy intake between low fat and
high fat diets of the same energy density. In this study, three twin pairs consumed
more energy in the high-fat phase than in the low-fat phase, three pairs consumed
more in the low-fat phase than in the high-fat phase and one pair consumed similar
amounts in both phases. Within twin pairs, there was a significant relation between
proportion of body fat and difference in energy intake between low-fat and high-fat
phases, with fatter twins tending to consume more energy during the low fat diet than
during the high fat diet (P=0.038).
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4.7 Summary of mechanisms explaining the relationship between
dietary fat and obesity

Experimental studies suggest that energy density, rather than dietary fat per se, is an
important determinant of energy intake. The effect of diet on fat balance is not
mediated through differences in metabolic action with respect to energy storage and
total energy expenditure. High fat diets do not result in excess energy intake when
energy density and palatability are held constant (Stubbs et al. 1996; Salzman et al.
1997; van Stratum, 1978). Together, the evidence suggests that factors promoting
excess energy intake, rather than the differential metabolic effect of macronutrients
on energy expenditure and energy storage, are more likely to increase the risk of
weight gain.

Energy density appears to be a major determinant of energy intake. Energy intake is
reduced when the energy density of the diet is low (≤ 4kJ/g) and increased when
energy density is high (≥ 6k J/g) (Rolls et al. 1999; Bell & Rolls 2001; Bell et al. 1998;
Stubbs et al. 1998a). The effect of energy density on energy intake appears to be
similar in both obese and lean individuals.

Energy density is mainly determined by the water, fat and fibre content of foods.
More evidence is required to determine the relative effect of the total water, fat and
fibre contents of foods on the energy density of the diet.

Other factors such as palatability, the physical form of food and the amount of food
(portion size) consumed as well as behavioural and genetic factors may also
influence energy intake. Eating patterns, in terms of food variety and frequency of
restaurant meals may also affect energy intake.
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5. Intervention studies

5.1 Energy-controlled dietary intervention studies

Several studies have investigated the effect on weight loss of varying the fat and
carbohydrate content of isocaloric energy restricted diets (Table 2). The studies were
mainly conducted in obese women. Treatment allocation was randomized in some
studies (Powell et al. 1994; Golay et al. 1996a; Lean et al. 1997) but not in others
(Alford et al. 1990; Golay et al. 1996b). One study was conducted in a controlled
environment and included exercise and a behavioural program (Golay et al. 1996a).
Dietary compliance, based on actual intakes, was measured in free-living subjects in
some studies (Powell et al. 1994; Golay et al. 1996b). Alford et al. (1990) monitored
dietary compliance without reporting actual dietary intakes. Lean et al. (1997) did not
measure dietary compliance and analysis was based on treatment allocation. Only
one study controlled for potential confounders, such as physical activity, baseline
scores, caloric intake and deficit in caloric intake between baseline and intervention
diets (Powell et al. 1994).

In these studies, short-term weight loss in overweight and obese individuals was
related to total energy intake. Diet composition, in particular the amount of fat and
carbohydrate in energy restricted diets, did not influence short term weight loss. A
recent systematic review by Summerbell et al. (1998), compared low-energy, low fat
diets (less than or equal to 30% E fat) with low energy diets which were not low in
dietary fat (Baron et al. 1986; Lean et al. 1997; Pascale et al. 1995; Racette et al.
1995). Summerbell et al. (1998) concluded that a low energy, low fat diet was as
effective as a low energy diet, which is not low in fat, in achieving weight loss in
overweight or obese subjects. Intervention studies therefore confirm that energy
intake, rather than macronutrient composition, is the major determinant of weight loss
in overweight and obese individuals.

Studies suggest that factors other than diet composition may be more important for
weight loss. A 3-month randomized controlled trial in 135 overweight subjects
compared dietary advice differing in fat, carbohydrate and fibre, but not energy intake
(Baron et al. 1986). Club membership was a better predictor of weight loss than diet
allocation (Baron et al. 1986). A 6-week study compared the effect of adding aerobic
exercise to hypocaloric diets, differing in fat and carbohydrate content, on body
composition and weight loss in 23 obese women. There was no significant difference
in the effect of diet composition on body composition, whereas aerobic exercise (45
minute sessions three times/week) had a significant effect on fat loss (Racette et al.
1995).

5.2 Weight maintenance dietary interventions

The effect of dietary fat on body weight may differ according to conditions of energy
balance. Prewitt et al. (1991) investigated the effect of diet composition on weight
maintenance in 18 premenopausal women ranging in BMI from 18 to 44. Women
were placed on a high fat diet (37% E fat; 44% E carbohydrate) for 4 weeks followed
by 20 weeks on a low fat diet (21% E fat; 59% E carbohydrate). Body weight after 4
weeks on the high fat diet was compared to the last 4 weeks on the low fat diet.
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Obese women (BMI>30) lost 2.1 kg on the low fat diet and those with BMI<30 lost
2.0 kg. However, it is difficult to draw conclusions from this study since the analyses
did not control for differences in dietary compliance and physical activity levels and
the order in which the two diets were fed was not randomized and differed in duration
(Prewitt et al. 1991).

Schaefer et al. placed 27 free-living men and women on a low fat, weight
maintenance diet (15% E fat; 68% E carbohydrate) for 5 to 6 weeks followed by a low
fat ad libitum diet for 10-12 weeks. No weight change occurred on the weight
maintenance diet compared to the baseline diet when energy intake was controlled.
However, when subjects were allowed to adjust the amount of food consumed, they
ate less and lost 3.6 kg (Schaefer et al. 1995) suggesting that fat reduction strategies
may facilitate reduced energy intake.

5.3 Low fat ad libitum intervention studies

Several ad libitum dietary intervention studies have investigated the effect of
changing dietary fat intake without restricting energy intake, on total energy intake
and subsequent body weight in free-living individuals. Studies examined were those
specifically designed to investigate the effect of low fat or reduced fat dietary advice
on ad libitum energy intake and body weight compared to usual dietary intake in
normal weight and overweight individuals (Table 3).

Interventions included those conducted in a worksite environment (Siggaard et al.
1996; Swinburn et al. 1999); a study of diet-related lifestyle changes to reduce breast
cancer in at risk-women; and instructions to purchase and consume reduced fat food
products (Westerterp et al. 1996; Gatenby et al. 1995). Swinburn et al. (1999) also
provided instructions on behavioural skills such as goal setting and self-monitoring.
Allocation was either self-selected (Siggaard et al. 1996), according to sex, body
weight and household (Gatenby et al. 1995) or randomized (Swinburn et al. 1999;
Sheppard et al. 1991; Westerterp et al. 1996). The control group was generally given
no special dietary instructions and followed their habitual diet (Gatenby et al. 1995;
Siggaard et al. 1996). Some provided the control group with general nutrition advice
on healthy eating at the start of the trial (Swinburn, et al. 1999; Sheppard et al. 1991).
In one study, the control group was instructed to consume full fat food products and a
minimum of 37 g of fat/day (Westerterp et al. 1996).

Dietary intake was measured using 4-day or 3-day diet records with one study also
using a food frequency questionnaire at baseline (Sheppard et al. 1991). Some
studies measured dietary intake before and after the intervention (Siggaard et al.
1996; Swinburn et al. 1999), whilst others included more than 4 dietary measures
during the intervention (Gatenby et al. 1995; Westerterp et al. 1996). Dietary
compliance was assessed by grocery receipts (Gatenby et al. 1995), average
attendance rate at monthly meetings and percent completion of shorthand food
diaries (Swinburn et al. 1999) but it was not measured in the other studies. Under-
reporters were not identified in any study and all participants were included in the
analysis.

Studies conducted in normal weight individuals suggest that reducing dietary fat
intake to less than 30% E fat results in reduced energy intake and subsequent weight
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loss of 1 to 2.5 kg (Gatenby et al. 1995; Siggaard et al. 1996; Sheppard et al. 1991).
Reducing dietary fat intake from 35% to 33% E (decrease of 6 g fat/day) resulted in
weight maintenance (Westerterp et al. 1996). Increasing % E fat from 35% to 40% E
fat (increase of 30 g fat/day) in normal weight subjects resulted in increased energy
intake and weight gain of 0.9 kg in women and 1.2 kg in men (Westerterp et al.
1996). Dietary fat reduction achieved greater weight loss (3 to 5 kg) in overweight
individuals (Siggaard et al. 1996; Swinburn et al. 1999).

Meta-analyses of short-term low fat ad libitum intervention studies including both
normal weight and overweight individuals have been conducted. A meta-analysis of
37 low fat dietary intervention studies in free-living subjects lasting more than
3 weeks reported a 0.28 kg decrease in body weight for every 1% decrease in
energy as total fat (Yu-Poth et al. 1999). A review of 28 short term trials of the effect
of dietary fat reduction on weight loss in obese individuals showed that a reduction of
10% E fat was associated with a reduction in weight of 16 g/day (Bray and Popkin
1998). A more restrictive meta-analysis of weight loss in 16 ad libitum low fat
intervention trials lasting more than 2 months showed that for every 1% reduction in
dietary fat, a weight loss of 0.37 kg (95% CI, 0.15 to – 0.60 kg/%) was achieved
(Astrup et al. 2000). Astrup et al. (2000) reported a weighted difference in weight loss
between intervention and control groups of 2.55 kg (95%CI, 1.5 to 3.5; P<0.001).
Similarly, Yu-Poth et al. (1999) found that weight loss in the intervention groups was
2.79 kg larger than in the control group.

According to Astrup et al. (2000), the effect of ad libitum dietary fat reduction on
weight loss is dose-dependent. However, Knopp et al. (1997) compared diets
providing 28%, 26%, 22% and 18% E fat and found statistically significant mean
reductions in body weight of 2 to 3 kg in each group after 12 months. Energy intake
decreased statistically in all diets suggesting that the effect of dietary fat restriction on
energy intake was not dose-dependent. Reducing dietary fat to 23% E fat did not
achieve greater weight loss in long term (Sheppard et al. 1991). It is possible that the
effect of ad libitum dietary fat reduction on energy intake and hence weight loss has a
threshold effect with little further gain achieved below 27% E fat (Hill et al. 2000).

Since most of these studies were short term studies (<6 months) it is difficult to
predict the long term effect of ad libitum dietary fat reduction on body weight (Willett,
1999a). Intervention studies assessing the long term effect of dietary fat reduction on
risk of breast cancer in women suggest weight loss occurs in the first six months, with
no further weight loss (Lee-Han et al. 1988; Boyd et al. 1990; Kasim et al. 1993).
Overall, women following the low fat diet, consumed about 1050 kJ (250 kcal) less
than the control group and lost about 1 to 2 kg over 12 months compared to the
control group. Women who reduced dietary fat from 36.3% E to 17.6% E lost 3.4kg in
3 months, with no further weight gain reported after 1 year (Kazim et al. 1993).
Although women lost more weight on the low fat diet, they regained most of the
weight after 12 months, despite no significant dietary changes occurring over the 12
months of the intervention (Boyd et al. 1990). At the end of 2 years, the difference in
weight loss between the intervention and control groups was only 1.8 kg compared to
2.8 kg after 6 months (Sheppard et al. 1991).

It is unclear whether absolute dietary fat intake (grams) or % E fat, is more predictive
of weight change. Sheppard et al. (1991) reported that changes in % E fat were more
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predictive of weight change than changes in total energy intake. Fat reduction of 1%
E fat in the intervention group resulted in weight loss of 0.1 to 0.25 kg. However,
Westerterp et al. (1996) reported that change in absolute fat intake explained 70% of
the variance in fat mass compared to the fat to carbohydrate ratio which explained
only 15%.

Results suggest there is a wide variation in the effect of dietary fat restriction on
weight loss ranging from 11.4 to –0.77 kg (Astrup et al. 2000). The effect of dietary
fat reduction on weight loss explained only 57% of the total variance (Yu-Poth et al.
1999).

Several studies confirm the significant positive correlation (r=0.52; p<0.05) between
baseline BMI and weight loss reported by Astrup et al. (2000) (Siggard 1996; Bray
and Popkin 1998). The separate effect of ad libitum fat reduction on body weight in
normal weight and overweight individuals was not reported in the meta-analyses.

Factors other than dietary fat intake explain some of the weight change. Westerterp
et al. (1996) compared the separate effect of dietary fat reduction and found that men
were more sensitive to changes in dietary fat intake than women. Eating behaviour
has been shown to influence the effect of fat reduction on weight change. Restrained
eaters were less likely to gain weight on a high fat diet (40% energy from fat) than
unrestrained eaters. A reduced fat diet (33% energy from fat) resulted in weight loss
in restrained eaters, whereas body weight was maintained in unrestrained eaters
(Westerterp-Plantenga et al. 1998). Other factors, such as physical activity and
smoking cessation, may also have influenced weight change. Few studies measured
and controlled for differences in physical activity, dietary compliance and smoking
behaviour. Yu-Poth et al. (1999) reported significantly greater weight loss in diet
intervention with exercise compared to those without exercise. Body weight
decreased by 5.66kg in intervention groups with exercise and by 2.79kg in
intervention groups without exercise (Yu-Poth et al. 1999). Few studies controlled
adequately for these potential confounding effects.

In many studies, the control group did not receive dietary instruction of the same
intensity as the intervention group. Only one study treated intervention and control
groups equally (Westerterp et al. 1996). Furthermore, many of these studies included
other behavioural and lifestyle changes, making it difficult to determine the
independent effect of fat reduction on body weight. The Hawthorne effect describes
the modest weight loss achieved during interventions, regardless of the dietary
manipulation, as a result of the attention, monitoring and recording provided to the
treatment group. In order to determine the independent effect of dietary fat
manipulations on weight change, it is preferable to provide the control group with a
similar level treatment intensity as the treatment group (Willett, 1999b).

These ad libitum studies suggest that fat restriction may offer a simple behavioural
strategy for achieving energy restriction. It is therefore possible that carbohydrate
restriction may equally restrict energy intake.
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5.4 Energy restriction compared to low fat ad libitum diets

Table 4 describes randomized controlled studies in which the effect of a low fat, ad
libitum diet on weight loss is compared to energy restriction in obese subjects. An
exercise and behavioural program was included in some studies (Harvey-Berino,
1998; Schlundt et al. 1993; Hammer et al. 1989). One study compared the effect of
low fat ad libitum versus energy restriction on weight maintenance after an initial
weight loss (Toubro and Astrup, 1997). Overall, the low fat ad libitum intervention
group was instructed to reduce dietary fat intake to around 20 to 25 g fat/day. The
energy restricted intervention group was required to reduce caloric intake to between
3360 kJ and 7800 kJ.

Dietary intake was measured using food records (Hammer et al. 1989; Toubro and
Astrup, 1997; Harvey-Berino 1998; Schlundt et al. 1993), 24 hour recall (Jeffery
1995) and a food frequency questionnaire (Jeffery, 1995). Dietary intake was
measured at baseline and post-intervention in some studies (Schlundt et al. 1993;
Harvey-Berino, 1998), whilst others measured dietary intake more than 4 times
during the intervention (Hammer et al. 1989; Jeffery 1995). Jeffery (1995) showed
that dietary intakes differed depending on the dietary measurement tool used.

Dietary compliance was measured in some studies using a dietary adherence
questionnaire (Harvey-Berino, 1998), completion of food diaries (Schlundt et al.
1993; Jeffery 1995; Hammer et al. 1989), personal interviews, attendance at
treatment visits (Hammer et al. 1989; Jeffery 1995), and percent of days on which
participants reported achieving their dietary goals (Jeffery 1995). Toubro and Astrup,
(1997) did not report dietary intake.

Subjects in the low fat ad libitum intervention group generally did not achieve their
dietary fat targets, consuming between 30 to 40 g fat/day (20-27% E fat), whereas
subjects in the energy restriction groups generally achieved energy targets. Overall,
there were small differences in dietary intake between fat and energy restricted
groups. Energy restricted groups tended to reduce total energy intake by restricting
both dietary fat and dietary carbohydrate. In fat restricted groups, dietary fat
reduction accounted for most of the decrease in energy intake (Shah et al. 1994).
Harvey-Berino, (1998) reported that carbohydrate intake accounted for 73% of the
difference in energy reduction between the two groups.

Short term studies (16 to 20 weeks) reported significantly greater weight loss in
energy restricted than in low fat interventions (Hammer et al. 1989; Schlundt et al.
1993; Harvey-Berino 1998). Men lost more weight than women and women seemed
to lose more weight on the energy restricted diet than the low fat ad libitum diet
(Schlundt et al. 1993). Energy restriction combined with an exercise program resulted
in the most weight loss indicating the critical role of physical activity (Hammer et al.
1989).

Long term studies (>6months) show no significant differences in weight loss between
energy and fat restriction since weight lost in the short term is regained (Jeffery 1995;
Shah et al. 1994; Shah, 1996a). Changes in dietary fat intake over time was
significantly correlated with weight change and predicted weight change better than
energy restriction, even though fat restriction did not achieve weight loss in the long
term (Jeffery, 1995; Shah, 1996a). Toubro and Astrup (1997) reported that weight
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loss was less likely to be maintained on an energy restriction regime compared to a
low fat ad libitum regime (RR=1.7 (95%CI, 0.8 to 3.7).

Results showed variation in weight loss despite similar compliance suggesting other
factors influence weight loss (Hammer et al. 1989). Energy deficits could only explain
31% of the variability in weight loss. Inconsistency in results may be explained by the
lack of control of confounders including physical activity and baseline body weight.
Some studies reported no differences in physical activity between intervention groups
without providing specific details (Schlundt et al. 1993; Harvey-Berino, 1998; Jeffery
et al. 1995). Others did not discuss differences in physical activity between
intervention groups (Toubro & Astrup, 1997). In some studies, there were significant
differences in baseline body weight between intervention groups (Schlundt et al.
1993; Hammer et al. 1989). Preference for a dietary intervention may impact on
weight loss. Shah et al. (1994) found that some subjects reported better quality of life
measures and palatability on the low fat regime (Shah et al. 1994), whilst others
preferred the energy restricted regime (Harvey-Berino, 1998). However, dietary
compliance was generally poor in both types of dietary interventions, especially in the
long term. As a result, there were small differences in dietary intake between
intervention and control diets making it difficult to detect a significant difference in
weight change between energy and fat restriction.

Considering these methodological limitations, the evidence suggests reducing dietary
fat intake to around 25% E fat or 30 to 35 g fat/d is as effective as restricting energy
intake to around 5040 kJ/day for achieving weight loss in obese women (Jeffery
1995). A (preliminary) systematic review found that low fat diets were as efficacious
as other types of low-energy diets in promoting weight loss in overweight and obese
individuals (Summerbell et al. 1998).

5.5 Low fat ad libitum compared to high monounsaturated fat ad libitum
diets

Several isoenergetic studies comparing the effect of a low fat, high carbohydrate diet
with a high monounsaturated fat (MUFA) diet in people with diabetes suggest low fat
diets are less advantageous than higher fat diets in terms of glycaemic control and
lipid metabolism (Golay et al. 1996a; Noakes & Clifton 2000). However, studies in
free living subjects suggest that reducing dietary fat intake from 41% to 31% E and
increasing carbohydrate intake from 38% to 46% E over 6 months results in
significant weight loss (2.7 kg) in obese insulin dependent women, but not in those
who were not obese (de Bont et al. 1981). Several studies have therefore
investigated the optimal diet for managing both body weight and glycaemic and lipid
control in people with diabetes.

Randomized studies conducted in free-living overweight women with type 2 diabetes
suggests no significant difference in weight loss between low fat, high carbohydrate
(22% E fat; 52% E carbohydrate) and high MUFA (varying from 33% to 36% E fat;
40% E carbohydrate) diets over 3 months (Walker et al. 1995; Walker et al. 1999a).
Weight loss was small (less than 1.5 kg) and not statistically different between
groups (Walker et al. 1995; Walker et al. 1999a). However, there were significant
differences in regional fat loss. Whilst loss of upper body fat was similar on both
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diets, women on the high carbohydrate diet lost significantly more lower body fat
(p=0.04) (Walker et al. 1999a).

There were no significant differences in total energy intake between the high MUFA
and low fat groups (Walker et al. 1999a). Although usual physical activity patterns
were maintained, differences in physical activity levels were not considered in the
analyses (Walker et al. 1999a). The diets differed significantly in the proportion of
protein, fat and carbohydrate. The low fat diet was significantly higher in % E protein
and % E carbohydrate whereas the high MUFA diet was significantly higher in % E
from MUFA and PUFA. Dietary fibre intake on the high MUFA (25 g/day) was similar
to that on the low fat diet (29 g/day) (Walker et al. 1999a). The MUFA diet was based
on a Mediterranean eating style which included plenty of vegetables and legumes.
Consequently, the energy density of the MUFA diet was comparable to that of the
low fat ad libitum diet (Walker et al. 2000). This study suggests that dietary fat intakes
of up to 36% E fat can be consumed as long as the diet is low in energy density.

Research is required to further investigate the effect of dietary composition on body
fat distribution. Research is also required to determine whether similar effects are
achieved using polyunsaturated fats and in people without diabetes.

5.6 Low fat, high carbohydrate ad libitum compared to low fat, high protein
ad libitum diets

Few studies have investigated the optimal relative proportions of dietary
carbohydrate and protein in a low fat (30% E fat) ad libitum diet. Short term studies
suggest that protein exerts a more powerful effect on satiety than carbohydrate
(Blundell et al. 1993). Increasing the protein content of a hypocaloric diet may reduce
loss of lean body mass (Durrant et al. 1980). A randomized trial was therefore
conducted to determine whether increasing the protein content of a low fat diet would
improve weight loss in overweight individuals.

The study was conducted in 65 overweight and obese men and women to investigate
the effect on weight loss of replacing dietary carbohydrate with protein in a low fat
(29% E fat) ad libitum diet using a validated laboratory shop system to supply diets.
After six months, average weight loss was 5.0 kg (3.6 to 6.4 kg) with the low fat, high
carbohydrate diet (30% E fat; 12% E protein; 59% E carbohydrate) and 8.7 kg (7.3 to
11.3 kg) with the low fat, high protein diet (30% E fat; 25% E protein; 45% E
carbohydrate). Baseline weights were similar in all groups and no significant weight
change occurred in the control group. There was a significant difference of 3.7 kg
(1.3 to 6.2 kg; P=0.0002) in weight loss between intervention groups, mainly due to
body fat loss. After 6 months, more subjects had lost greater than 10 kg body weight
in the high protein group (35%) than in the high carbohydrate group (9%). (Skov et al.
1999).

The total energy intake of those on the low fat, high protein diet (9.3 MJ/d) was
significantly less than those on the low fat, high carbohydrate diet (11.2 MJ/d),
despite the latter providing significantly more dietary fibre (22.8 g vs 18.6 g on
average) (Skov et al. 1999). There were no significant differences in palatability or
energy density with both diets providing 5.0 kJ/g. Dietary compliance was assessed
using 24 hour urinary nitrogen excretion. The authors attributed the greater weight
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loss in subjects on the high protein diet compared to the high carbohydrate diet, to a
greater reduction in energy intake, possibly due to the effect of protein on satiety and
partly due to the slightly higher thermogenic effect of protein (Skov et al. 1999).

This study suggests that dietary factors other than energy density and dietary fat
affect energy intake. In general, protein intake in the intervention studies conducted
to date provided around 17% energy from protein, showing little variation between
studies and suggesting that the protein intake is generally constant. Due to concerns
in relation to potential adverse effects of high protein intake, further research is
recommended before these results can be extrapolated to public health
recommendations. However, this study does highlight the complexity of factors which
regulate energy intake.

5.7 Low fat, complex carbohydrate compared to low fat, simple carbohydrate
diets

Whilst current weight management guidelines emphasize replacing dietary fat with
carbohydrate, there has been little research conducted to investigate the effect of
reducing carbohydrate on body weight. Preliminary research suggests that there may
be differences in the effect of type of carbohydrate on satiety (Holt and Brand-Miller,
1995) and energy intake (Raben et al. 1997). However, few studies have investigated
the effect of different types of carbohydrate on body weight. Since many low fat
products may include high levels of sugar, the effect of sucrose on body weight is of
interest.

The effect of type of carbohydrate in a low fat ad libitum diet (<30% E fat) on body
weight regulation was investigated in a European multi-centre trial (the Carbohydrate
Ratio Management in European National diets or CARMEN trial) (Saris et al. 2000).
Moderately obese adults (BMI between 26 and 35) were randomised to either a
seasonal control group (no intervention to control for seasonal variation in body
weight), or to one of three experimental diet groups: a control diet (typical of the
average national intake, 37-38% E fat), low fat, high simple carbohydrate diet or a
low fat, high complex carbohydrate diet. Food was supplied by a validated laboratory
shop system. Subjects following the low fat, complex carbohydrate diet (n=83) lost
1.8 kg (P<0.001), 2.6 kg more than the control diet (n=77) and 1.9 kg more than the
seasonal control group (n=80). Those in the low fat, simple carbohydrate diet (n=76)
lost 0.9 kg (P<0.05), 1.7 kg more than the control group. Differences in weight loss
between the low fat, simple carbohydrate and low fat, complex carbohydrate diets
were not statistically significant. There were no significant differences in total, low
density lipoprotein cholesterol (LDL) or HDL-cholesterol, glucose, insulin or leptin
levels among the groups. Energy density on the low fat, simple carbohydrate diet
(3.68 kJ/g) was significantly higher (P<0.05) than on the low fat, complex
carbohydrate diet (3.36 kJ/g), but it was significantly (P<0.05) lower than on the
control diet (3.83 kJ/g).

In a similar study, in which subjects from the CARMEN trial were included, one
quarter of daily fat intake was replaced with complex or simple carbohydrate. Thirty-
nine overweight individuals (22% drop-out rate) with metabolic syndrome were
randomly assigned to one of three ad libitum diets for six months: control diet; low fat,
high complex carbohydrate diet (LFCC), and a low fat high simple carbohydrate diet
(LFSC) (Poppitt et al. 2002). A grocery store system supplied about 60% of predicted
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energy requirements during the intervention. Dietary intake was estimated from 7-day
and 3-day weighed-food records collected on 5 occasions during the study. Baseline
dietary fat intake varied from 32 % E in the control to 29.8% E in the LFCC and
35.8% E in the LFSC. Mean dietary fat intake during the intervention was significantly
lower in both LFCC (24.1% E) and LFSC (21.1% E) than the control (31% E)
(P<0.0001). Complex carbohydrate was significantly higher in the LFCC (35.5% E)
than in either the control (28.6% E) and LFSC (28.5% E) (P<0.0001). Simple
carbohydrate intake was higher in the LFSC (28.9% E) than in the control (20.6% E)
and LFCC (17.6% E). Although mean energy intake during the intervention was
higher in the LFSC (9578 kJ/d) than the control (8022 kJ/d) and LFCC (8108 kJ/d),
there was no significant difference in energy intake between groups. It is interesting
to note that the LFSC group made the greatest reduction in dietary fat intake yet had
the highest intake of energy. Physical activity levels (reported energy intake/predicted
BMR) were slightly higher, but not significantly different in the LFSC than in the LFCC
and control. There was evidence of underreporting of energy intake in all groups.
Weight loss was greatest with the LFCC diet. Body weight loss from baseline was -
4.25 kg (P<0.01) in the LFCC group, –0.28 kg in LFSC group and 1.03 kg (NS) in the
control group. Weight loss was not accompanied by significant changes in abdominal
obesity. Differences in weight loss between the three diets in this study cannot be
explained by any differential in reported energy intake. There were no significant
changes in LDL-cholesterol, whereas HDL cholesterol decreased over time in all
three groups (P<0.0001). Triglyceride concentrations were higher in the LFSC than in
the other two groups (P<0.05).

5.8 Summary of evidence from intervention studies

Evidence from intervention studies suggests that energy balance is the most
important determinant of weight loss in overweight and obese individuals.

Randomized controlled trials in obese individuals reported no significant differences
in short-term weight loss between energy-restricted diets (1000-1200 kcal) varying in
fat content from 15% to 75% E fat (Powell et al. 1994; Lean et al. 1997; Golay et al.
1996a). An interim systematic review concluded that low-energy, low-fat diets are not
more efficacious than low-energy diets which are not low in fat, in terms of weight
loss in overweight or obese individuals (Summerbell et al. 1998).

Controlled trials suggest that low-fat ad libitum dietary interventions may reduce
energy intake leading to short-term weight loss in overweight individuals (Swinburn et
al. 1999; Siggaard et al. 1996). A meta-analysis of low-fat ad libitum dietary
intervention studies, in which weight loss was not the primary aim of the majority of
these studies, reported a weighted difference in weight loss between intervention and
control groups of 2.55 kg (95% CI: 1.5-3.5; P<0.0001) (Astrup et al. 2000). In many
studies, it was not possible to separate the effect of dietary fat from the behavioural
aspects of the treatment diet. In particular, ad libitum approaches are also testing the
use of fat restriction as a simple behavioural strategy for achieving energy restriction,
the success of which is dependent on the eating patterns of the targeted population.
Few studies separated the effect of dietary fat on weight loss from other confounding
factors such as physical activity, other dietary factors and behavioural influences.

Randomized controlled trials suggest that there is a wide variation in short-term
weight loss achieved in obese individuals on low-fat (30% E fat) ad libitum diets
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(Skov et al. 1999; Saris et al. 2000). Differences in the protein content, and to a
lesser extent, the type of carbohydrate in the low-fat ad libitum diet resulted in
significant (3.7 kg 95% CI: 1.3-6.2 kg; P=0.0002) and non-significant differences in
weight loss, respectively. A randomised cross-over study found no significant
difference in short-term weight loss in overweight women on a low-fat diet (22% E fat)
compared to those on a high monounsaturated fat diet (36% E fat) (Walker et al.
1999a). It is possible that dietary fat intakes of up to 35% E fat can be consumed as
long as the overall diet is low in energy density.

Reducing dietary fat intake to 25% E (30-35 g/day) appears to be as effective as
restricting energy intake to 5040 kJ/day for achieving short term (6 months) weight
loss in obese women (Summerbell et al. 1998). A randomized controlled trial
suggests that short-term weight loss achieved with both low fat ad libitum dietary
interventions (dietary fat reduced to 25% E fat or 30-35 g fat/day) and energy
restricted diets (around 5040 kJ/day) in free-living obese individuals is not maintained
in the long-term, after controlling for confounding factors (Jeffery et al. 1995). Other
factors, such as physical activity, social support and preference for the dietary regime
have been shown to also influence weight loss.

Few controlled trials have measured the independent effect of dietary fat reduction
on weight maintenance in normal, overweight and obese individuals. A randomized
controlled trial suggests energy intake is significantly decreased in normal weight
men (P<0.01) and women (P<0.0001) when dietary fat intake is reduced from 35% E
fat to 33% E fat, whereas energy intake is significantly increased in women only
(P<0.01) when dietary fat intake is increased from 35% E fat to 41.2% E fat
(Westerterp et al. 1996). Body weight was significantly increased on the high fat diet
(40% E or 122 g/day) in both men (P<0.001) and women (P<0.01) but remained
unchanged on the low fat diet (33% E fat or 89 g fat/day). Eating behaviour may
explain differences in the effect of dietary fat reduction on energy intake and
consequent weight change in normal weight individuals (Westerterp-Plantenga et al.
1998).

The long-term effect of dietary fat reduction strategies on weight maintenance in
normal weight and overweight individuals has not been demonstrated. It is therefore
unclear whether dietary fat reduction prevents excess energy intake and hence helps
to prevent the development or progression of overweight and obesity.

Some studies suggest that energy intake is reduced when the overall energy density
of the diet is reduced to less than 5 kJ/g. Low fat ad libitum diets may help to reduce
the energy density of the diet and in this way reduce energy intake. However, a low
energy dense diet can be achieved with dietary fat intakes of up to 36% E. The
relative effectiveness of dietary fat reduction compared to increasing the water and/or
fibre content of foods on lowering the energy density of the diet is unclear.
Furthermore, the long-term effectiveness of a low energy dense diet on weight loss
or maintenance has not been demonstrated.

Physical activity is clearly critical in weight loss and weight maintenance. More weight
loss is achieved when energy intake is reduced along with increased physical activity
(Yu-Poth et al. 1999). Further research is required to determine the optimal
combination of increased energy expenditure and reduced energy intake required for
achieving weight loss and weight maintenance in normal weight, overweight and
obese individuals.
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6. Conclusions

The association between dietary fat and overweight and obesity, reported in cohort
studies conducted in different population groups, was inconsistent. The findings of
cohort studies were limited due to the quality of the studies, particularly with respect
to the measurement of dietary fat intake. Few studies excluded under-reporters and
dietary intake was generally measured only at baseline. Since dietary fat is highly
correlated with energy, it is difficult to separate the effect of dietary fat from that of
energy. Furthermore, few studies controlled for the confounding effect of physical
activity. Overall, the effect of dietary fat intake on body weight was small and may be
explained by measurement bias.

Evidence from experimental studies suggests that factors promoting excess energy
intake, rather than the differential effect of macronutrients on energy expenditure and
energy storage, are more likely to increase the risk of weight gain. Energy density
appears to be a major determinant of energy intake. The energy density of the diet is
mainly determined by the dietary fat, fibre and water contents of foods. It is possible
that dietary fat may increase the energy density of the diet, facilitating excess energy
intake and hence indirectly increase the risk of overweight and obesity. However,
other factors may also influence energy intake including the palatability and the
physical form of food, the amount (portion size) and volume of food consumed as
well as behavioural and genetic factors.

There is therefore moderate evidence suggesting that dietary fat is not an
independent risk factor for the development and progression of overweight and
obesity.

Short-term (up to 6 months) studies indicate that energy balance is the most
important determinant of weight loss in overweight and obese individuals. The
macronutrient composition of low-energy diets does not influence short-term weight
loss in overweight and obese individuals (Powell et al. 1994). Other reviews have
also concluded that energy balance is the major determinant of weight loss
(Freedman et al. 2001).

Low fat ad libitum studies suggest that reducing dietary fat may facilitate reduced
energy intake resulting in modest short term weight loss (Astrup et al. 2000).
However, measurement bias in many low fat ad libitum dietary intervention studies
make it difficult to examine the independent effect of dietary fat reduction on weight
loss. Studies comparing energy restricted diets (around 5040kJ/day) with low fat ad
libitum diets (25% E or 30 - 35 g/day) suggest that they are equally effective in
reducing energy intake and achieving short term (6 months) weight loss in
overweight and obese individuals. However, weight loss is not maintained in the long
term due to poor dietary compliance with both diets (Jeffery et al. 1995).

Intervention studies suggest that reducing the overall energy density of the diet to
around 5k J/g may facilitate reduced energy intake and hence weight loss (Skov et
al. 1999; Saris et al. 2000; Walker et al. 1999a). A low energy dense diet may be
achieved on a moderate dietary fat intake (around 35% E fat) by including plenty of
vegetables (Walker et al. 1999a). Further research is required to determine the
relative effectiveness of manipulating the dietary fat, fibre and water content of foods
on reducing the energy density of the overall diet. Long-term studies are also
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required to determine whether strategies for reducing the energy density of the diet
are useful for achieving weight loss in overweight and obese individuals.

There was a wide variation in the amount of short-term weight loss achieved with ad
libitum low fat diets suggesting that other factors also influence weight loss. Dietary
factors such as the protein content of the diet have been shown to increase short-
term weight loss in obese individuals. Non dietary factors which influence hunger,
appetite and subsequent food intake include neurochemical, genetic, environmental
and emotional factors and the hedonistic qualities of food (Freedman et al. 2001).
Psychological issues are probably implicated in dietary compliance (Freedman et al.
2001). Social support has been shown to be an important determinant of weight loss
and maintenance (Jeffery et al. 1984). Physical activity is also a very important
determinant of weight loss. Combining reduced energy intake with increased physical
activity had the greatest impact on weight loss in overweight and obese individuals
(Hammer et al. 1989). Few studies controlled adequately for physical activity. Further
research is required to determine effective strategies for combining dietary and
physical activity interventions in weight management.

There is therefore moderate evidence suggesting dietary fat reduction alone, without
energy restriction, will not achieve weight loss in overweight and obese individuals.
According to the NIH (1998), reducing dietary fat alone, without reducing energy
intake, is not sufficient for weight loss in overweight and obese individuals. In
particular, replacing dietary fat with carbohydrate will not produce the energy deficit
required to achieve weight loss. Several authors have recommended that low fat
foods must be low in energy density to contribute to reduced energy intake (Salzman
et al. 1997; Bray and Popkin, 1998; Levine, 2001; Roberts & Heyman, 2000).

Few controlled trials have measured the independent effect of dietary fat reduction
on short-term weight maintenance in normal, overweight and obese individuals. The
long-term effect of dietary fat reduction strategies on weight maintenance in normal
weight and overweight individuals has not been demonstrated. High dietary fat
intakes (around 40% E fat) may facilitate excess energy intake and hence weight
gain. Reducing dietary fat intake to 33% E fat may prevent excess energy intake and
assist in achieving weight maintenance (Westerterp et al. 1996). The effectiveness of
dietary fat reduction strategies on weight maintenance has been shown to differ
according to eating behaviour (Westerterp-Plantenga et al. 1998).

There is therefore little evidence to indicate whether dietary fat reduction alone will
prevent weight gain in normal weight, overweight and obese individuals. Although
dietary fat may increase the energy density of the diet, facilitating excess energy
intake and hence weight gain, other dietary and non-dietary factors need to be
considered. Further research is required to determine the long-term effectiveness of
manipulating the energy density of the diet on weight maintenance. Research is also
required to determine the relative effectiveness of reducing the energy density of the
diet by manipulating the dietary fat, fibre and water content of foods. The usefulness
of other dietary strategies for reducing total energy intake, such as increasing the
protein content of the diet, reducing the intake of sugar-containing beverages and
reducing portion sizes, requires further investigation. Eating patterns, in particular
food variety and frequency of consumption of restaurant meals may also need to be
considered. Physical activity is clearly critical for weight maintenance. In children,
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physical activity was shown to be an important determinant of overweight and
obesity. It is recommended weight management include both strategies to control
energy intake and increase physical activity (NIH, 1998; WHO, 1998; NHMRC, 1997).
Further research is required to determine the most effective public health strategies
for achieving energy balance by combining both dietary and physical activity
strategies.

Public health strategies for the prevention of overweight and obesity have
encouraged strategies for reducing dietary fat intake (NHMRC, 1997). According to
the 1995 National Nutrition Survey, Australians are consuming, on average, 32% E
fat, 12.7% E SAFA and 4.9% PUFA (ABS 1997). The evidence reviewed suggests
that dietary fat intake of 30 to 35% E do not seem to be associated with excess
energy intake. Since dietary fat restriction may help to facilitate energy restriction,
public health recommendations should ensure that dietary fat intake remain at less
than 35% energy from fat.

Intake of total dietary fat and polyunsaturated fatty acids in the Australian diet has
decreased since 1983, whilst intake of total energy and saturated fatty acids has
increased (Cook et al. 2001). Behavioural research suggests that low fat dietary
messages have been successfully communicated. Consumers associated dietary fat
with overweight and generally believed that fat restriction was of benefit to health
(Shanahan et al. 2000). They were aware of low fat dietary strategies, including
restricting dietary fat intake by using less fat and oil in cooking, trimming meat fat and
chicken skin, grilling instead of frying, using low fat food alternatives and avoiding
intake of fried foods, takeaways, full cream dairy foods, cakes, biscuits and salad
dressing. In particular, low fat dietary messages have had an impact on use of added
fats and oils. A comparison of nutrition surveys in 1983 and 1995 suggest that
consumption of fats and oils has decreased (Cook et al. 2001). Anecdotal evidence
from the food industry is consistent with a decreasing use of added fats, particularly
margarine (Bill Shrapnel, consultant to Unilever Australia, personal communication
2001).

Dietary modelling, based on 24-hour recalls of adults in the 1995 National Nutrition
Survey, indicated that lowering intake of added fats and oils to less than 10g/day
made it difficult to achieve the NHFA’s policy on dietary fat with respect to the ALA
and PUFA recommendations (Cobiac et al. 2000; Droulez et al. in review (a)). Public
health messages which do not consider type of fat, risk further reducing intake of
PUFA without affecting intake of SAFA in the Australian diet. Dietary modelling
indicates that it is possible to include 25g/day of added unsaturated fats and oils in
an energy restricted (6000 kJ) diet.

The emphasis of food-based recommendations for the prevention of heart disease is
on reducing intake of foods high in saturated fatty acids, particularly full fat dairy
products, takeaway meals, pastries, snacks and cakes. Dietary modelling indicates
that reducing intake of saturated fatty acids tends to also reduce total dietary fat
intake to less than 35% E (Droulez et al. in review (b)). Furthermore, since many
foods high in saturated fatty acids are also high in energy density, restricting their
intake also facilitates a reduction in energy intake. The NHFA’s food-based
recommendations are based on an eating pattern which includes a higher proportion
of vegetables, fruit and cereals and regular intake of fish, legumes, nuts/seeds,
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unsaturated fats and oils, low fat diary products and lean meat. This eating pattern,
which has been shown to be protective against heart disease, encourages intake of
low energy dense foods such as fish, legumes, vegetables and grain-based foods
and limits intake of energy dense foods such as takeaway meals, snacks, cakes and
biscuits (Hu et al. 1999). Food-based recommendations developed for the prevention
of CHD therefore may also provide a useful guide to lowering the energy density of
the diet and maintaining the total dietary fat intake of the Australian diet to less than
35% E fat.

Since a general low fat dietary message may prevent achievement of the NHFA
policy on dietary fat for the prevention of heart disease, it is recommended that the
emphasis of public health nutrition strategies be placed on reducing intake of SAFA.



National Heart Foundation of Australia February 2003

Relationship between dietary fat and overweight/obesity Page 33

References

Alford BB, Blankenship AC, Hagen RD. The effects of variations in carbohydrate, protein, and fat
content of the diet upon weight loss, blood values, and nutrient intake of adult obese women. J Am
Diet Assoc 1990;90(4):534-540.

Astrup A, Ryan L, Grunwald GK, Storgaard M, Saris W, Melanson E, Hill JO. The role of dietary fat in
body fatness: evidence from a preliminary meta-analysis of ad libitum low-fat dietary intervention
studies. Brit J Nutr 2000; 83, Suppl 1: S25-S32.

Australian Bureau of Statistics (ABS) and Commonwealth Department of Health and Family Services.
National Nutrition Survey: Selected Highlights Australia. Cat. No. 4802.0 Canberra: Australian Bureau
of Statistics 1997.

Ballard-Barbash R,Graubard I, Krebs-Smith SM, Schatzkin A, Thompson FE. Contribution of dieting to
the inverse association between energy intake and body mass index. Eur J Clin Nutr 1996;50:98-106.

Baron JA, Schori A, Crow B, Carter R, Mann JI. A randomized controlled trial of low carbohydrate and
low fat/high fiber diets for weight loss. Am J Public Health 1986;76(11):1293-1296.

Beaton GH, Burema J, Ritenbaugh C. Errors in the interpretation of dietary assessments. Am J Clin
Nutr 1997;65(suppl):1100S-1107S.

Bell EA, Castellanos VH, Pelkman CL, Thorwart ML, Rolls BJ. Energy density of foods affects energy
intake in normal-weight women. Am J Clin Nutr 1998;67:412-420.

Bell EA, Rolls BJ. Energy density of foods affects energy intake across multiple levels of fat content in
lean and obese women. Am J Clin Nutr. 2001 Jun;73(6):1010-1018.

Bellizzi MC, Dietz WH. Workshop on childhood obesity: Summary of the discussion. Am J Clin Nutr
1999; 70:173S-175S.

Blundell JE, Burley VJ, Cotton JR, Lawton CL. Dietary fat and the control of energy intake: evaluating
the effects of fat on meal size and postmeal satiety. Am J Clin Nutr 1993;57 (suppl):772S-777S.

Blundell JE, Stubbs RJ. High and low carbohydrate and fat intakes: limits imposed by appetite and
palatability and their implications for energy balance. Eur J Clin Nutr 1999;53 Suppl 1:S148-165.

Boyd NF, Cousins M, Beaton M, Kriukov V, Lockwood G, Tritchler D. Quantitative changes in dietary
fat intake and serum cholesterol in women: results from a randomized, controlled trial. Am J Clin Nutr
1990;52:470-476.

Bray GA, Popkin BM. Dietary fat intake does affect obesity. Am J Clin Nutr 1998;68:1157-1173.

Bray GA. Popkin BM. Dietary Fat affects obesity rate. (letter to the editor). Am J Clin Nutr
1999;70:572-573.

Calle EE, Thun MJ, Petrelli JM, Rodriguez C, Heath CW. Body-Mass Index and mortality in a
prospective cohort of US adults. N Engl J Med 1999;341:1097-1105.

Cobiac L, Record S & Leppard P. The NHF dietary fat recommendations - how can they be achieved?
A report prepared for the NHFA and Unilever Foods. 2000:CSIRO Health Sciences and Nutrition.

Colditz GA, Willett WC, Stampfer MJ, London SJ, Segal MR, Speizer FE. Patterns of weight change
and their relation to diet in a cohort of healthy women. Am J Clin Nutr 1990;51:1100-1115.

Cook T, Rutishauser I, Allsopp R. The Bridging Study - comparing results from the 1983, 1985 and
1995 Australian National Nutrition Surveys. 2001: The Australian Food and Nutrition Monitoring Unit:
http://www.sph.uq.edu.au/nutrition/monitoring/index.htm

Davies PS. Diet composition and body mass index in pre-school children. Eur J Clin Nutr
1997;51(7):443-448.

de Bont AJ, Baker IA, St Leger AS, Sweetnam PM, Wragg KG, Stephens SM, Hayes TM. A
randomised controlled trial of the effect of low fat diet advice on dietary response in insulin
independent diabetic women. Diabetologia 1981;21(6):529-533.



National Heart Foundation of Australia February 2003

Relationship between dietary fat and overweight/obesity Page 34

Drewnowski A. Energy density, palatability, and satiety: Implications for Weight Control. Nutrition
Reviews 1998: 56(12):347-535.

Drewnowski A, Henderson SA, Shore AB, Fischler C, Prreziosi P, Hercberg S. The fat-sucrose
seesaw in relation to age and dietary variety of French adults. Obes Res 1997;5:511-518.

Droulez V, Noakes M, Anderson S. Dietary modelling to develop food-based recommendations for the
prevention of cardiovascular disease. Nutr Diet [In Review (a)]

Droulez V, Anderson S, Cobiac L, Record S, Leppard P, Noakes M, Shrapnel W. Dietary modelling to
develop public health nutrition strategies for the prevention of cardiovascular disease. Nutr Diet [In
Review (b)]

Durrant ML, Garrow JS, Royston P, Stalley SF, Sunkin S, Warwick PM. Factors influencing the
composition of the weight lost by obese patients on a reducing diet. Br J Nutr 1980;44(3):275-285.

Eck LH, Klesges RC, Hanson CL, Slawson D. Children at familial risk of obesity: an examination of
dietary intake, physical activity and weight status. Int J Obes Relat Metab Disord 1992;16(2):71-78.

Eckersley RM. Losing the battle of the bulge: causes and consequences of increasing obesity. MJA
2001;174:590-592.

Flatt JP. Use and storage of carbohydrate and fat. Am J Clin Nutr 1995;61(suppl):952S-59S.

Freedman MR, King J, Kennedy E. Popular diets: a scientific review. Obes Res 2001 Mar;9 Suppl
1:1S-40S

Gatenby SJ, Aaron JI, Morton GM, Mela DJ. Nutritional implications of reduced-fat food use by free-
living consumers. Appetite 1995;25(3):241-252.

Gazzaniga JM, Burns TL. Relationship between diet composition and body fatness, with adjustment
for resting energy expenditure and physical activity, in preadolescent children. Am J Clin Nutr
1993;58(1):21-28.

Gibson SA. Are high-fat, high-sugar foods and diets conducive to obesity? Int J Food Sci Nutr
1996;47:405-415.

Golay A, Allaz AF, Morel Y, de Tonnac N, Tankova S, Reaven G. Similar weight loss with low- or high-
carbohydrate diets. Am J Clin Nutr 1996a;63(2):174-178.

Golay A, Eigenheer C, Morel Y, Kujawski P, Lehmann T, de Tonnac N. Weight-loss with low or high
carbohydrate diet? Int J Obes Relat Metab Disord 1996b;20(12):1067-1072.

Goris AH, Westerterp-Plantenga MS, Westerterp KR. Undereating and underrecording of habitual food
intake in obese men: selective underreporting of fat intake. Am J Clin Nutr 2000;71(1):130-134.

Guillaume M, Lapidus L, Lambert A. Obesity and nutrition in children. The Belgian Luxembourg Child
Study IV. Eur J Clin Nutr 1998;52:323-328

Hammer RL, Barrier CA, Roundy ES, Bradford JM, Fisher AG. Calorie-restricted low-fat diet and
exercise in obese women. Am J Clin Nutr 1989;49(1):77-85.

Harvey-Berino J. The efficacy of dietary fat vs. total energy restriction for weight loss. Obes Res
1998;6(3):202-207.

Heitmann BL, Lissner L, Sorensen TIA, Bengtsson C. Dietary fat intake and weight gain in women
genetically predisposed for obesity. Am.J.Clin.Nutr 1995;61:1213-1217.

Heitmann BL, Lissner L. Dietary underreporting by obese individuals--is it specific or non-specific?
BMJ. 1995, 14;311(7011):986-989.

Hill JO, Melanson EL, Wyatt HT. Dietary fat intake and regulation of energy balance: implications for
obesity. J Nutr 2000: 130(2S Suppl):284S-288S.

Holt SH, Brand-Miller J. Increased insulin responses to ingested foods are associated with lessened
satiety. Appetite 1995;24:43-54.

Horton T, Drougas H, Brachey A, Reed GW, Peters JC, Hill JO. Fat and carbohydrate overfeeding in
humans: different effects on energy storage. Am J Clin Nutr 1995;62:19-29.



National Heart Foundation of Australia February 2003

Relationship between dietary fat and overweight/obesity Page 35

Hubert HB, Feinleib M, McNamara PM, Castelli WP. Obesity as an independent risk factor for
cardiovascular disease: a 26-year follow-up of participants in the Framingham Heart Study. Circulation
1983;67:968-977

Hu FB, Stampfer MJ, Manson JE, Rimm EB, Wolk A, Colditz GA et al. Dietary intake of alpha-linolenic
acid and risk of fatal ischemic heart disease among women. Am J Clin Nutr 1999;69:890-7

Institute of Medicine. Food and Nutrition Board. Committee to develop criteria for evaluating the
outcomes of approaches to prevent and treat obesity. Weighing the Options. Washington: National
Academy Press, 1995.

Jeffery RW, Bjornson-Benson WM, Rosenthal BS, Lindquist RA, Kurth CL, Johnson SL. Correlates of
weight loss and its maintenance over two years of follow-up among middle-aged men. Prev Med
1984;13(2)155-168.

Jeffery RW, Hellerstedt WL, French SA, Baxter JE. A randomized trial of counseling for fat restriction
versus calorie restriction in the treatment of obesity. Int J Obes Relat Metab Disord 1995;19(2):132-
137.

Jones PJ, Ridgen JE, Phang PT, Birmingham CL. Influence of dietary fat polyunsaturated to saturated
ratio on energy substrate utilization in obesity. Metabolism 1992 Apr;41(4):396-401 (abstract only).

Jorgensen LM, Sørensen TI, Schroll M, Larsen S. Influence of dietary factors on weight change
assessed by multivariate graphical models. Int J Obes Relat Metab Disord 1995;12:909-915.

Kant AK, Graubard BI, Schatzkin A, Ballard-Barbash R. Proportion of energy intake from fat and
subsequent weight change in the NHANES I Epidemiologic Follow-up Study. Am J Clin Nutr
1995;61(1):11-17.

Kasim SE, Martino S, Kim PN, Khilnani S, Boomer A, Depper J, Reading BA, Heilbrun LK. Dietary and
anthropometric determinants of plasma lipoproteins during a long-term low-fat diet in healthy women.
Am.J.Clin.Nutr 1993;57:146-153.

Kemper HC, Post GB, Twisk JW, van Mechelen W. Lifestyle and obesity in adolescence and young
adulthood: results from the Amsterdam Growth And Health Longitudinal Study (AGAHLS). Int J Obes
Relat Metab Disord 1999;23:S34-S40.

Kendall A, Levitsky DA, Strupp BJ, Lissner L. Weight loss on a low-fat diet: consequence of the
imprecision of the control of food intake in humans. Am.J.Clin.Nutr 1991;53:1124-1129.

Klesges RC, Klesges LM, Eck LH, Shelton ML. A longitudinal analysis of accelerated weight gain in
preschool children. Pediatrics 1995; 95(1):126-130.

Klesges RC, Klesges LM, Haddock CK, Eck LH. A longitudinal analysis of the impact of dietary intake
and physical activity on weight change in adults. Am.J.Clin.Nutr 1992;55:818-822.

Knopp RH, Walden CE, Retzlaff BM et al. Long-term cholesterol-lowering effects of 4 fat-restricted
diets in hypercholesterolaemic and combined hyperlipidemic men: the Dietary Alternative Study. JAMA
1997;278:1509-1515.

Krauss RM, Winston M, Fletcher BJ, Grundy SM. Obesity. Impact on cardiovascular disease. AHA
Conference Proceedings. Circulation 1998;98:1472-1476.

Krebs-Smith SM, Graubard BI, Kahle LL, Subar AF, Cleveland LE, Ballard-Barbash R. low energy
reporters vs others: a comparison of reported food intakes. Eur J Clin Nutr 2000; 54(4):281-287.

Lean ME, Han TS, Richmond PR, Avenell A. Weight loss with high and low carbohydrate 1200 kcal
diets in free living women. Eur J Clin Nutr 1997 51(4):243-248.

Lee-Han H, Cousins M, Beaton M, McGuire V, Kriukov V, Chipman M, Boyd N. Compliance in a
randomized clinical trial of dietary fat reduction in patients with breast dysplasia. Am J Clin Nutr
1988;48:575-586.

Levine AS. Energy density of foods: building a case for food intake management. Am J Clin Nutr 2001;
73:999-1000.

Lissner L, Heitmann BL, Bengtsson C. Low-fat diets may prevent weight gain in sedentary  women:
prospective observations from the population study of women in Gothenburg, Sweden. Obes.Res.
1997;5:43-48.



National Heart Foundation of Australia February 2003

Relationship between dietary fat and overweight/obesity Page 36

Lissner L,  Heitmann BL. Dietary fat and obesity: evidence from epidemiology. Eur J Clin Nur
1995;49:79-90.

Lissner L, Levitsky DA, Strupp BJ, Kalkwarf HJ, Roe DA. Dietary fat and the regulation of energy
intake in human subjects. Am.J.Clin.Nutr 1987;46:886-892.

Macdiarmid JI, Cade JE, Blundell JE. High and low fat consumers, their macronutrient intake and body
mass index: further analysis of the National Diet and Nutrition Survey of British Adults. Eur J Clin Nutr
1996;50:505-12.

Macdiarmid JI, Vail A, Cade JE, Blundell JE. The sugar-fat relationship revisited: differences in
consumption between men and women of varying BMI. Int.J.Obes.Relat Metab Disord. 1998;22:1053-
1061.

Maffeis C, Talamini G, Tato L. Influence of diet, physical activity and parents’obesity on children’s
adiposity: a four-year longitudinal study. Int J Obes Relat Metab Disord 1998; 22(8): 758-764.

Magarey AM, Daniels LA, Boulton TJC. Prevalence of overweight and obesity in Australian children
and adolescents: reassessment of 1985 and 1995 data against new standard international definitions.
MJA 2001; 174:561-564.

Magarey AM, Daniels LA, Bouton TJC, Cockington RA. Does fat intake predict adiposity in children
and adolescents: A longitudinal analysis. ASSO conference 2000.

Martin LJ, Su W, Jones PJ, Lockwood GA, Tritchler DL, Boyd NF. Comparison of energy intakes
determined by food records and doubly labeled water in women participating in a dietary-intervention
trial. Am.J.Clin.Nutr 1996;63:483-490.

McCrory MA, Fuss PJ, McCallum JE, Yao M, Vinken AG, Hays NP, Roberts SB. Dietary variety within
food groups: association with eneryg intake and body fatness in adult men and women. Am J Clin Nutr
1999;69:440-447.

McCrory MA, Fuss PJ, Salzman E, Roberts SB. Dietary determinants of energy intake and weight
regulation in healthy adults. J Nutr. 2000;130(2S Suppl):276S-279S.

McDevitt RM, Poppitt SD, Murgatoryd PR, Prentice AM. Macronutrient disposal during controlled
overfeeding with glucose, fructose, sucrose, or fat in lean and obese women. Am J Clin Nutr
2000;72:369-377.

Mikkelsen PB, Toubro S, Astrup A. Effect of fat-reduced diets on 24-h energy expenditure:
comparisons between animal protein, vegetable protein, and carbohydrate. Am J Clin Nutr
2000;72:1135-1141.

Miller DL, Castellanos VH, Shide DJ, Peters JC, Rolls BJ. Effect of fat-free potato chips with and
without nutrition labels on fat and energy intakes. Am J Clin Nutr 1998;68:282-290.

National Health and Medical Research Council (NHMRC). Acting on Australia’s weight: a strategic
plan for the prevention of overweight and obesity. Canberra:AGPS;1997

National Health and Medical Research Council (NHMRC). How to use the evidence: assessment and
application of scientific evidence. Canberra: Australian Government Publishing Service, 2000.

National Heart Foundation of Australia. A review of the relationship between dietary fat and
cardiovascular disease. Aust J Nutr diet 1999;56(4Suppl):S5-S22.

National Institutes of Health (NIH). Clinical Guidelines on the Identification, Evaluation, and Treatment
of Overweight and Obesity in adults: The Evidence Report. Obes Res 1998;6(Suppl 2):51S-209S.

Noakes M, Clifton PM. Changes in plasma lipids and other cardiovascular risk factors during 3 energy-
restricted diets differing in total fat and fatty acid composition. Am J Clin Nutr 2000;71:706-712.

Paeratakul S, Popkin BM, Keyou G, Adair LS, Stevens J. Changes in diet and physical activity affect
the body mass index of Chinese adults. Int.J.Obes.Relat Metab Disord. 1998;22:424-431.

Pan DA, Hulbert AJ, Storlien LH. Dietary fats, membrane phospholipids and obesity. J.Nutr.
1994;124:1555-1565.

Pascale RW, Mullen M, Wing RR, Bononi P, Butler BA. Effects of a behavioural weight loss program
stressing calorie restriction versus calories plus fat restriction in obese individuals with NIDDM or a
family history of diabetes. Diabetes Care 1995;18:1241-1248.



National Heart Foundation of Australia February 2003

Relationship between dietary fat and overweight/obesity Page 37

Poppitt SD. Dietary manipulation and energy compensation: does the intermittent use of low-fat items
in the diet reduce total energy intake in free-feeding lean men? Int J Obes Relat Metab Disord
1998;22:1024-1031.

Poppitt SD, Keogh GF, Prentice AM, Williams DEM, Sonnemans HMW, Valk EEJ et al. Am J Clin Nutr
2002;75:11-20

Poppitt SD, Swann D, Black AE, Prentice AM. Assessment of selective under-reporting of food intake
by both obese and non-obese women in a metabolic facility. Int J of Obesity 1998;22(4):303-311.

Powell JJ, Tucker L, Fisher AG, Wilcox K. The effects of different percentages of dietary fat intake,
exercise, and calorie restriction on body composition and body weight in obese females. Am J Health
Promot 1994;8(6):442-448.

Prentice AM. Manipulation of dietary fat and energy density and subsequent effects on substrate flux
and food intake. Am J Clin Nutr 1998;67(suppl):535S-341S.

Prewitt TE, Schmeisser D, Bowen PE, Aye P, Dolecek TA, Langenberg P, Cole T, Brace L. Changes
in body weight, body composition and energy intake in women fed high- and low-fat diets. Am J Clin
Nutr 1991;54:304-310.

Proserpi C, Sparti A, Schutz Y, Di V, V, Milon H, Jequier E. Ad libitum intake of a high-carbohydrate or
high-fat diet in young men: effects on nutrient balances. Am.J.Clin.Nutr 1997;66:539-545.

Raben A, Macdonald I, Astrup A. Replacement of dietary fat by sucrose or starch: effects on 14 d ad
libitum energy intake, energy expenditure and body weight in formerly obese and never-obese
subjects. Int J Obes Relat Metab Disord 1997;21(10):846-859.

Racette SB, Schoeller DA, Kushner RF, Neil KM, Herling-Iaffaldano K. Effects of aerobic exercise and
dietary carbohydrate on energy expenditure and body composition during weight reduction in obese
women. Am J Clin Nutr 1995;61(3): 486-494.

Rimm EB, Stampfer MJ, Giovannucci E, Ascherio A, Spiegelman D, Colditz GA, Willett WC. Body size
and fat distribution as predictors of coronary heart disease among middle-aged and older US men. Am
J Epidemiol 1995;141:1117-1127.

Rissanen AM, Heliovaara M, Knekt P, Reunanen A, Aromaa A. Determinants of weight gain and
overweight in adult Finns. Eur J Clin Nutr 1991;54:419-430.

Roberts SB, Heyman MB. Dietary composition and obesity: do we need to look beyond dietary fat? J
Nutr 2000; 130(2S Suppl): 267S.

Rolland-Cachera MF, Deheeger M, Akrout M, Bellisle F. Influence of macronutrients on adiposity
development: a follow up study of nutrition and growth from 10 months to 8 years of age. Int J Obes
Relat Metab Disord 1995; 19(8): 573-578.

Rolls BJ. The role of energy density in the overconsumption of fat. J Nutr 2000;130(2S Suppl):268S-
271S.

Rolls BJ, Bell EA. Intake of fat and carbohydrate: role of energy density. Eur J Clin Nutr 1999b; 53,
Suppl 1: S166-S173.

Rolls BJ, Bell EA, Castellanos VH, et al. Energy density but not fat content of foods affected energy
intake in lean and obese women. Am J Clin Nutr 1999a;69:863-871.

Rolls BJ, Bell EA, Thorwart ML. Water incorporated into a food but not served with a food decreases
energy intake in lean women. Am J Clin Nutr 1999;70:448-455.

Rolls BJ Castellanos VH, Halford JC, Kilara A, Panyam D, Pelkman CL, Smith GP, Thorwart ML.
Volume of food consumed affects satiety in men. Am J Clin Nutr 1998;67:1170-1177.

Rolls BJ, Shide DJ, Hoeymans N et al. Information about fat content of preloads influences energy
intake in women. Appetite 1992;19:213 (abstr).

Salzman E, Dallal GE, Roberts SB. Effect of high-fat and low-fat diets on voluntary energy intake and
substrate oxidation: studies in identical twins consuming diets matched for energy density, fiber, and
palatability. Am J Clin Nutr 1997; 66: 1332-1339.



National Heart Foundation of Australia February 2003

Relationship between dietary fat and overweight/obesity Page 38

Samaras K, Kelly PJ, Chiano MN, Arden N, Spector TD, Campbell LV. Genes versus environment.
The relationship between dietary fat and total and central abdominal fat. Diabetes Care 1998
21(12):2069-2076.

Saris WHM, Astrup A, Prentice AM, Zunft, HJF, Formiguera X, Verboeker-van de Venne et al.
Randomized controlled trial of changes in dietary carbohydrate/fat ratio and simple vs complex
carbohydrates on body weight and blood lipids: the CARMEN study. Int J Obes 2000;24(10):1310-
1318.

Schaefer EJ, Lichtenstein AH, Lamon-Fava S, McNamara JR, Schaefer MM, Rasmussen H, Ordovas
JM. Body weight and low-density lipoprotein cholesterol changes after consumption of a low-fat ad
libitum diet. JAMA 1995;274:1450-1455.

Schlundt DG, Hill JO, Pope-Cordle J, Arnold D, Virts KL, Katahn M. Randomized evaluation of a low
fat ad libitum carbohydrate diet for weight reduction. Int J Obes Relat Metab Disord 1993
Nov;17(11):623-629.

Schrauwen P, van Marken Lichtenbelt WD, Saris WH, Westerterp KR. Changes in fat oxidation in
response to a high-fat diet. Am J Clin Nutr 1997;66(2):276-282.

Schutz Y. Macronutrients and energy balance in obesity. Metabolism 1995; 44(9); suppl 3: 7-11.

Seidell JC. Dietary fat and obesity: an epidemiologic perspective. Am J Clin Nutr
1998;67(suppl):546S-50S.

Sempos CT, Liu K, Ernst ND. Food and nutrient exposures: what to consider when evaluating
epidemiologic evidence. Am J Clin Nutr 1999;69(suppl):1330S-1338S.

Shah M, Baxter JE, McGovern PG, Garg A. Nutrient and food intake in obese women on a low-fat or
low-calorie diet. Am J Health Promot 1996a;10(3):179-182.

Shah M, Garg A. High-fat and high-carbohydrate diets and energy balance. Diabetes Care
1996;10:1142-1152.

Shah M, McGovern P, French S, Baxter J. Comparison of a low-fat, ad libitum complex-carbohydrate
diet with a low-energy diet in moderately obese women. Am J Clin Nutr 1994;59(5):980-984.

Shanahan P, Wilkins M. Qualitative research: Dietary fat related behavioural issues. Prepared for
National Heart Foundation NSW Division. Sydney; April 2000.

Sheppard L, Kristal AR, Kushi LH. Weight loss in women participating in a randomized trial of low-fat
diets. Am J Clin Nutr 1991;54(5):821-828.

Siggaard R, Raben A, Astrup A. Weight loss during 12 week's ad libitum carbohydrate-rich diet in
overweight and normal-weight subjects at a Danish work site. Obes Res 1996;4(4):347-356.

Skov AR, Toubro S, Ronn B, Holm L, Astrup A. Randomized trial on protein vs carbohydrate in ad
libitum fat reduced diet for the treatment of obesity. Int J Obes Relat Metab Disord 1999;23(5):528-
536.

Storlien LH, Hulbert AJ, Else PL. Polyunsaturated fatty acids, membrane function and metabolic
diseases such as diabetes and obesity. Current Opinion in Clinical Nutrition and Metabolic Care 1998;
1:559-563.

Stubbs RJ, Harbron CG, Prentice AM. Covert manipulation of the dietary fat to carbohydrate ratio of
isoenergetically dense diets: effect on food intake in feeding men ad libitum. Int J Obes 1996;20:651-
660.

Stubbs RJ, Johnstone AM, Harbron CG, Reid C. Covert manipulation of energy density of high
carbohydrate diets in 'pseudo free-living' humans. Int.J.Obes.Relat Metab Disord. 1998;22:885-892.

Stubbs RJ, Johnstone AM, O’Reilly LM, Barton K, Reid C. The effect of covertly manipulating the
energy density of mixed diets on ad libitum food intake in ‘pseudo free-living’ humans. Int J of Obesity
1998(a); 22: 980-987.

Stubbs RJ, Murgatroyd PR, Goldberg GR, Prentice AM. Carbohydrate balance and the regulation of
day-to-day food intake in humans. Am J Clin Nutr 1993 Jun;57(6):897-903



National Heart Foundation of Australia February 2003

Relationship between dietary fat and overweight/obesity Page 39

Stubbs RJ, Ritz P, Coward WA, Prentice AM. Covert manipulation of the ratio of dietary fat to
carbohydrate and energy density: effect on food intake and energy balance in free-living men eating
ad libitum. Am J Clin 1995:62:330-337.

Summerbell CD, Jones LV, Glasziou. The long-term effect of advice on low-fat diets in terms of weight
loss: an interim meta-analysis. J Human Nutr Diet 1998;11:209-217.

Swinburn BA, Woollard GA, Chang EC, Wilson MR. Effects of reduced-fat diets consumed ad libitum
on intake of nutrients, particularly antioxidant vitamins. J Am Diet Assoc 1999;99(11):1400-1405.

Toubro S, Astrup A. Randomised comparison of diets for maintaining obese subjects' weight after
major weight loss: ad lib, low fat, high carbohydrate diet v fixed energy intake. BMJ
1997;314(7073):29-34.

Tremblay A, Plourde G, Despres J-P, Bouchard C. Impact of dietary fat content and fat oxidation on
energy intake in humans. Am J Clin Nutr 1989;49:799-805.

van Stratum P, Lussenburg RN, van Wezel LA, Vergroesen AJ, Cremer HD. The effect of dietary
carbohydrate: fat ratio on energy intake by adult women. Am.J.Clin.Nutr. 1978;31:206-212.

Walker KZ, O'Dea K, Nicholson GC. Dietary composition affects regional body fat distribution and
levels of dehydroepiandrosterone sulphate (DHEAS) in post-menopausal women with Type 2
diabetes. Eur J Clin Nutr 1999a;53(9):700-705.

Walker KZ, O'Dea K, Nicholson GC, Muir JG. Dietary composition, body weight, and NIDDM.
Comparison of high-fiber,  high-carbohydrate, and modified-fat diets. Diabetes Care 1995;18:401-403.

Walker KZ, Piers LS, O’Dea K. A high monounsaturated fat diet for weight loss? Proc Nutr Soc of
Australia 2000:300-307.

Walker S, Poston C, Foreyt JP. Obesity is an environmental issue. Atherosclerosis 1999b; 146: 201-
209.

Westerterp KR, Verboeket-van de Venne WP, Westerterp-Plantenga MS, Velthuis-te Wierik EJ, de
Graaf C, Weststrate JA. Dietary fat and body fat: an intervention study. Int J Obes Relat Metab Disord
1996;20:1022-1026.

Westerterp-Plantenga MS, Wijckmans-Duijsens NE, Verboeket-van de Venne WP, de Graaf K, van
het Hof KH, Weststrate JA. Energy intake and body weight effects of six months reduced or full fat
diets, as a function of dietary restraint. Int J Obes Relat Metab Disord 1998;22(1):14-22.

Willett WC. Dietary fat and obesity: an unconvincing relation. AJCN 1998;68:1149-50

Willett WC. Reply to GA Bray and BM Popkin. (letter to the editor). Am J Clin Nutr 1999a;70:573.

Willett WC. Reply to JQ Purnell, RH Knopp, and JD Brunzell (letter). Am J Clin Nutr 1999b
Jul;70(1):108A-109.

Willett WC, Howe GR, Kushi LH. Adjustment for total energy intake in epidemiological studies. Am J
Clin Nutr 1997;65:1220S-1228S.

Willett WC, Manson JE, Stampfer MJ et al. Weight, weight change, and coronary heart disease in
women. JAMA 1995;273:461-465.

World Health Organization (WHO). Obesity. Preventing and managing the global epidemic. Geneva:
World Health Organization, 1998.

Yu-Poth S, Zhao G, Etherton T, Naglak M, Jonnalagadda S, Kris-Etherton PM. Effects of the national
Cholesterol Education Program’s Step 1 and Step II dietary intervention programs on cardiovascular
disease risk factors: a meta-analysis. Am J Clin Nutr 1999; 69: 632-646.



National Heart Foundation of Australia February 2003

Relationship between dietary fat and overweight/obesity Page 40

Table 1: Cohort Studies investigating the relationship between dietary fat intake and weight change

Sample size
(% follow-up)

Age Baseline
weight
(BMI)

Follow-up Dietary Intake
(Diet method)

Weight change Confounders considered Association between % E
fat and obesity

Rissanen et al.
1991

Finnish
6165 F
6504 M
(NA)

25-64 yrs Females:
25.9±4.4
Males:
25.5±3.3

5.7 yrs NA
(Diet history in
1289 F and
1382 M at
baseline)

Females:
0.06 ±4.95kg;

Males:
0.6±4.73kg

education, energy intake,
smoking, alcohol, coffee
consumption, leisure physical
activity, health status, parity,
gender

Positive association in
Females only
RR=1.7
(1.1-2.7)

Colditz et al.
1990

American
31940 F
(82%)

30-55 yrs 81.5%  with
BMI<24.9

8 yrs NA
(FFQ)

1.9±4.6kg in
first 4 yrs

1.6±4.7kg in
next 4 yrs

Age, total calorie intake and
other nutrients, baseline BMI
but not physical activity

Positive association
between fat (g/day) and prior
weight change but not
subsequent weight change

Klesges et al.
1992

American
152 F
142 M
(70.5%)

33.07 ± 4.15
years in F
34.78 ± 4.73
years in M

Females:
24.83 ± 4.96
Males:
27.8 ± 4.32)

3 yrs % E fat:
M:35.97±5.4

F: 36.80±6.12
(FFQ annually)

Females:
1.37±5.89 kg

Males:
0.265 ±4.546 kg

Age, sports activity, work
activity, leisure activity, energy
intake, smoking, alcohol use,
smoking, familial risk,
pregnancy status, gender

Positive association in  men
and women
(P=0.0010)

Paeratakul  et
al. 1998

Chinese
3484 M and F
(74.5%)

20-45 yrs mean =
21.5kg/m2

2 yrs % E fat:
M: 19.8(0.25)
F: 19.9 (0.24)

(24-hr recall
over 3
consecutive
days)

Change in BMI:
M: +0.2 (1.6)
F: +0.2 (1.8)

Reported physical activity level
at occupation, smoking, socio-
economic, age, energy intake,
gender

Positive association in men
(P=0.0001) but not in
women

Kant et al. 1995 American
4 567 F
2 580 M
(68.5%)

25 – 74 yrs Males:
25.9±0.1
Females:
25.2±0.1

10.6 yrs %E fat:
F: 25.6 – 47.2
M: 26.2 – 47.9

Males:
2.11kg ±0.2

Females:
2.49±0.2

Baseline energy intake,
physical activity level, baseline
BMI, race, education, age,
smoking status, morbidity,
alcohol intake, and special diet
status, gender

No association in men and
women

Positive association in men
without any morbidity at
baseline (P=0.05)

Inverse association in
women aged <50 yrs
(P=0.04)

Jorgensen et al.
1995

Danish
1008 F
1001M
(87%)

30 – 60 yrs Ht and Wt
measured

Baseline data
NA

5 yrs NA
(7 day food
records)

39.8%
increased BMI

Age, baseline BMI, gender,
familial predisposition of
obesity, education level, social
status, baseline BMI, total
energy intake, alcohol and
smoking habits

No association with %E fat
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Table 1 continued
Sample size Age Baseline

weight
Follow-up Dietary Intake Weight change Confounders considered Association between fat

and obesity
Heitmann et al.
1995

Swedish
obese women
with obese
parents (n=56)
and lean
parents (n=53)
Lean women
with obese
parents (n=87)
and lean
parents (112)
(89%)

38-60 yrs
29.6±4.0

28.0 ±2.7

22.4 ±1.7

21.9± 1.9

6 yrs % E fat:
38± 5%

38± 5%

38± 6%

39± 5%

(Diet history at
baseline)

∆ BMI:
0.5 ±  2.5

0.3 ±  2.2

0.9 ±  1.4

0.8 ±  1.4

Energy intake,
smoking,
physical activity,
menopausal status

Positive  association in
genetically predisposed
women
(P=0.002)

Lissner et al.
1997

Swedish
361 F

38-60 yrs Low fat
consumers
(<38.5% E fat)
BMI=24.6(±4.1)

High fat
consumers
(>38.5% E fat)
BMI=
24.1((±4.1)

6 yrs NA
(Diet history)

Low fat,
sedentary :
-0.59kg
High fat,
sedentary:
consumers:
+2.24kg
(P=0.06)

Baseline BMI, smoking, age
and total energy

Positive association in
sedentary women only
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Table 2: The effect on weight loss of hypocaloric diets (1000 – 1200 kcal)
varying in diet composition but not energy content

Study Sample Time % E Fat % E CHO Weight loss
Powell et al.
1994

35 free-living
obese
women

12 wk 15%
20%
28%
34%

65%
58%
50%
43%

4.8kg
7.3kg
6.0kg
6.5kg
(NS)

Golay et al.
1996b

68 obese
outpatients

12 wk 26% (34g)
45% (57g)

45% (132g)
25% (70g)

8.6kg
10.2kg
(NS)

Golay et al.
1996a

43 obese
men and
women in-
patients

6 wk 26% (30g)
53% (60g)

45% (115g)
15% (37g)

7kg
8.3kg
(NS)

Alford et al.
1990

35 free-living
sedentary
over-weight
women

10 wk 75%
45%
25%

NA 4.8kg
5.6kg
6.4kg
(NS)

Lean et al.
1997

110 obese
women

6 mnths 58%
35%

20%
35%

5.6kg
6.8kg
(NS)



National Heart Foundation of Australia February 2003

Relationship between dietary fat and overweight/obesity Page 43

Table 3: Low or reduced fat ad libitum intervention diets compared to usual
diets in free-living normal weight and overweight subjects

Study Sample Time % E Fat Energy
intake

Weight
change

Gatenby et
al. 1995

Men and women
aged 40 years
(average)
BMI:
I = 24.1 (0.9)
(n=15)
C = 26 (1.2)
(n=14)

6 wks Baseline:
38%
(90g)

I: 30.4%
(63g)

C: 39.4%
(81g)

2156kcal

1939kcal

1887kcal

-1.1kg

+0.3kg
(P<0.001)

Siggaard et
al.
1996

Mainly men aged 32
to 47 yrs
BMI:
I = 28.4 ±0.7
(n=50)
C = 27 ±1.0
(n=16)

12 wks

F/U:
24 wks
52 wks

Baseline:
39%
(84g)
I: BMI>25:
28%
(54g)
BMI<25:
28%
(60g)
C: 37%

(81g)

8.2MJ

BMI>25:
7.5MJ

BMI<25:
8.0MJ

Control:
8.4MJ

BMI>25:
-5.2kg

BMI<25:
 -2.5kg

Control:
-0.8kg
(P<0.001)

Westerterp
et al. 1996

Men and women
aged 19 to 55 yrs

BMI:
Reduced Fat:
24.8 ±2.1
(n=116)
Full Fat:
25.0 ± 2.1
(n=101)

6 mths Baseline:
35%
(95g)

RF:
33.1%
(89g)

FF:
41.2%
(122g)

10.1

10.1MJ

11.1MJ

RF:
F: +0.6kg
M:+0.1kg

FF:
F: +0.9kg
P<0.01
M:+1.2kg
P<0.001

Swinburn
et al.
1999

men and 30 women
aged 45-60 yrs

BMI:
I = 29.7±5.2
(n=49)
C = 27.8±4.3
(n = 61)

1 yr Baseline:
35% (86g)

I: 25.9%
(52g)

C: 33.8%
(90g)

2195kcal

1832kcal

2307kcal

-3.1kg

+0.4kg
(P<0.001)

Sheppard
et al. 1991

women aged 45 –
69 yrs

BMI:
I = 26 ± 0.4
(n=171)
C = 25 ± 0.4
(n=105)

2 yrs Baseline:
39%
(77g)

I: 22.8%
(34g)

C: 36.5%
(66g)

7293kcal

5640kJ

6748kJ

-1.9kg

-0.1kg



National Heart Foundation of Australia February 2003

Relationship between dietary fat and overweight/obesity Page 44

Table 4: Randomized controlled trials in free-living subjects comparing the
effect of low fat ad libitum interventions to energy restriction on
weight loss

Study Sample Time % E Fat Energy
intake

Weight loss

Hammer et
al. 1989

27 obese
women
aged 25 to
42 yrs

16 wks LF:
23% (37g)

ER:
24% (22g)

6090kJ

3258kJ

LF:
5.9kg [6.72kg (+ Ex)]

ER:
9.4kg [13.1kg (+ Ex)
(P<0.05)]

Schlundt et
al.
1993

49 obese
men and
women
aged 27 to
56 yrs

16 to 20
wks

Follow up 9
to 12 mnths

LF:
19% (30g)

ER:
20% (28g)

5969kJ

5292kJ

LF:
8kg (M) 3.9kg (F)

ER:
11.8kg (M)  8.2kg (F)
(p<0.001)
Follow-up (mean):
LF:2.6kg
ER:5.5kg

Harvey-
Berino,
1998

15 obese
men and 65
women
aged 25 to
45 yrs

6 mnths LF:
21% (39g)

ER:
27% (45g)

6902kJ

6180kJ

LF:
5.2kg

ER:
11.8kg (p<0.0001)

Jeffery et
al.
1995

74 obese
women
aged 25 to
45 yrs

6 mnths

12 mnths

18 mnths

LF
24% (30g)
ER
32% (37g)
LF:
27% (33g)
ER:
34% (41g)
LF:
26% (34g)
ER:
33% (43g)

4725kJ

4364kJ

4670kJ

4633kJ

5036kJ

4960kJ

4.6kg

3.7kg

2.1kg

0.7kg

+0.4kg

+1.8kg (NS)

Toubro and
Astrup,
1997

2 obese
men and 35
women
aged 39 to
45 yrs

6 mnths

12 mnths

24 mnths

LF:
20 to 25%

ER:
not reported

LF:
not reported

ER:
7.8MJ

2.3kg
+0.5kg

+0.3kg
+4.1kg

+5.4kg
+11.3kg
(P=0.08)

ER= energy restriction
LF = low fat ad libitum
Ex = exercise


