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Abstract

Objective: To analyse changes in the sensation of hunger and the sensation of
well-being of young overweight/obese women following two hypoenergetic diets.
Design, setting and subjects: Fifty-seven women (BMI = 24-35kg/m?) were
randomly assigned to one of two hypoenergetic diets: diet V, in which the con-
sumption of vegetables was increased; or diet C, in which the consumption of
cereals (especially breakfast cereals) was increased. Dietetic and anthropometric
data and an evaluation of the sensation of hunger and well-being were collected
at the start and end of the study, 6 weeks later.

Results: The diets led to a reduction in weight and BMI in both groups. The sen-
sation of hunger at the end of meals was higher at the end of the study than at the
start in both groups. At 6 weeks, the sensation of well-being after breakfast, morning
snack and lunch, as well as the mean sensation of well-being after all meals, was
greater in diet C. Compared with that recorded at the beginning of the study, the
capacity to experience satiety at the end of meals also increased with diet C, as did
the capacity to experience well-being at 6 weeks (for breakfast, lunch, dinner and
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for the mean for all meals). This capacity to experience well-being was also greater Cereals
in diet C than in diet V with respect to the mid-morning snack and lunch. Vegetables
Conclusion: The more positive results obtained with diet C may contribute to the Dietary intervention
increased weight loss seen in that group and their lower withdrawal rate. Women

Obesity is an important and growing public health
problem™. Nevertheless, most weight-loss diets remain
dissociated and unbalanced, and can harm nutritional
status and health when followed for prolonged periods® .
Moreover, these diets tend to fail because subjects
experience hunger®®.

Hunger is increasingly recognized as having an
important effect on body weight regulation, body com-
position, success in achieving short-term weight loss and
5 Any pro-
gramme aimed at weight loss which achieves a reduction
in hunger will have a higher probability of success.

There is a greater discrepancy between the recom-

the maintenance of long-term weight loss

mended and real consumption levels of cereals and
vegetables than for any other foods. A relative increase in
their intake could facilitate an approximation to the theor-
etical dietary ideal and yet help achieve weight loss‘®.
The aim of the present study was to analyse changes in
the sensation of hunger and well-being in overweight
women following hypoenergetic diets involving relative
increases in the intake of vegetables or cereals.
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Subjects and methods

Study subjects
The study subjects were fifty-seven women aged 20 to
35 years (mean 27-8 (sp 4-7) years); most were university
students. They enrolled through a public offer to take part
in a study on ‘The assessment of nutritional status and
improvement of weight control’. Enrolment was open to
young women. The study was publicized using posters,
radio announcements and via publications directed
towards young female university students.

Initially, all interested parties were interviewed by
telephone to ensure that they met the inclusion criteria,
which were:

1. Female sex.

2. Age between 20 and 35 years.

3. BMI between 24 and 35 kg/m?.

4. In the case of ex-smokers, not having quit in the
previous two months.

5. To be free of all diseases that might interfere with the
results, such as diabetes, hyperthyroidism or other
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metabolic disease, hypertriacylglycerolaemia, lactose or
gluten intolerance (coeliac disease), food allergies, etc.
6. Not to be currently involved in a weight-loss
programme.
7. Not to have lost more than 4-5kg in the two months
prior to the study.
8. Not to have lost or gained more than 3 kg between
the first interview and the start of the study.
9. To have a regular menstrual cycle.
10. To take no more than two alcoholic drinks daily.
11. To be neither pregnant nor lactating.

Those interested in taking part, who declared them-
selves to meet all inclusion criteria, were invited to the
Department of Nutrition at the University Complutense of
Madrid. Here, their weights and heights were recorded,
and questionnaires were completed to collect personal,
health and dietary information. All persons who were
confirmed as meeting the inclusion requirements were
informed of the aim of the study, of the clinical tests they
would undergo, and of the number and type of inter-
views and testing to which they would be subject.
According to the requirements of the Ethics Committee of
the Faculty of Pharmacy, all subjects signed a witnessed
form of consent to be included.

The final number of subjects aspiring to take part was
193; 114 were excluded in the initial phases, two during
the interview stage and ten finally decided not to take part
in the study. Of the remainder, sixty-seven began the
study and fifty-seven concluded the 6-week dietary
intervention period; these fifty-seven made up the study
population analysed.

Interventions
The diets were designed to provide a mean of approx-
imately 20 % less than the theoretical energy requirements
of the subjects. Theoretical energy expenditure was
established by taking into account the body weight, age
and physical activity of all subjects, using equations
proposed by WHO"'?’. Both diets were structured with
the idea of approximating them to the theoretical ideal by
increasing the relative consumption of either vegetables
or cereals; earlier studies have shown that these foods
are those with the greatest differences between their
observed and recommended intakes'''?.

The subjects were then randomly assigned to one of
two dietary intervention groups.

1. Diet C: With this diet, the weight-control measures
were based on restricting the consumption of energy-
rich foods and increasing the consumption of cereals.
Whole-grain breakfast cereals and cereal bars were
particularly recommended (a minimum of 3 servings
daily) since, apart from carbohydrate, they also
provide fibre, vitamins and minerals. For breakfast
subjects had to include 30g cereal, and for dinner
40-00g. They also had to include a cereal bar as a
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mid-morning snack. For their mid-afternoon snack they
could eat a cereal bar or skimmed yoghurt or skimmed
milk, although the cereal bar was recommended. In
addition, the subjects were also advised to eat other
cereals. At lunch time they had to eat 30-40 g bread and
rice or pasta as an accompaniment.

2. Diet V: With this diet, the weight-control measures
were based on restricting the consumption of energy-
rich foods and increasing the intake of greens and
vegetables (minimum of 3 servings daily). Subjects
had to eat a salad at lunch and at dinner as well as
vegetables as the main course of one of these meals.

The full characteristics of the diets followed and other
methodological details are described elsewhere® .

Compliance with dietary rules

Over the intervention period (a total of 6 weeks), the
subjects attended a weekly appointment to record
anthropometric data and to discuss (and solve) any
difficulties in following the diet assigned.

Methods
The following data were collected from all subjects
during the pre-intervention stage and again at week 0.

Physical activity

The subjects completed a questionnaire on their normal
physical activity; this information was used to calculate
their energy expenditure’®. Subjects indicated the length
of time spent sleeping, eating, playing sport, etc. during
both working days and weekends. An activity coefficient
was established for each subject™®.

Anthropometric information

Weight and height were determined using a Seca Alpha
digital electronic balance (range 0-1-150kg) and a
Harpenden digital stadiometer (range 70-205 cm), respec-
tively. For both measurements, subjects were barefoot
and wore only underwear. All data were collected at the
Department of Nutrition by trained personnel following
norms set out by the WHO"®. BMI was calculated as
weight (kg)/[height (m)]*,

Health variables

Information was collected on any disease problems, the
use of medications and supplements and the consump-
tion of manufactured diet foods.

Dietetic study

A “food and drink record’ was used to register all intakes
(both at home and away) for 3 d, including Sunday"'®.
Subjects were instructed to record the weights consumed
if possible and specify household measurements
(spoonfuls, cups, etc.) if not. The aim was to obtain the
maximum accuracy possible; the women were encouraged
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Diet V, increased consumption of vegetables; diet C, increased consumption of breakfast cereals; d, diet; p, period; i, interaction.

Mean values were significantly different from those of the pre-intervention group: *P<0-05, **P<0-01, ***P<0-001.
Mean values were significantly different from those of the diet V group: tP<0-05, ++P<0-01, t+tP<0-001.
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to complete the record truthfully even when they failed to
keep to their diet.

The energy content of these foods was then calculated
using food composition tables"’”. The DIAL software
package was used to process all data™®.

For each subject, energy needs (theoretical energy
expenditure, TEE) were established by using equations
proposed by WHO"? for the calculation of BMR and
multiplying the answer by the corresponding activity
coefficient?”. As a measure of the discrepancy between
energy intake and expenditure, the following was calcu-
lated: (TEE — estimated intake) X 100/TEE.

For the pre-intervention phase of the study, during
which the subjects maintained a stable weight, the
discrepancy between TEE and the theoretical intake
provided a measure of the possible underestimation of
energy intake. Once the intervention phase had begun,
a positive discrepancy was expected (expenditure always
greater than intake); the larger the difference, the greater
the chance of losing weight.

Subjective evaluation of degree of well-being and
bunger
The degree of well-being and hunger at various times
during the day (before and after breakfast, before and after
lunch, before and after dinner, and before and after snacks)
was measured using a 0 to 10 cm visual analogue scale (the
divisions of which the subjects were not allowed to see).
Mean hunger and well-being (before and after meals) were
calculated taking into account the mean initial feeling of
hunger (§_ initial feeling/number of meals) and the mean
final feeling of hunger (3 final feeling/number of meals).
The satiety quotient (SQ) for each meal and the mean SQ
were also calculated. The SQ represents a good marker of
an individual’s satiety signal capacity in response to a meal.
This variable was calculated for each meal using the
equation of Drapeau et al*”:

__ (fasting SH — post-meal SH)

energy consumed ata meal ’

where SH is the sensation of hunger. All SQ values were
multiplied by 100 to obtain a more meaningful range.
The well-being quotient (WQ) was also calculated, the
higher the WQ the higher the well-being signal capacity
conditioned by a specific meal (or by all meals taken
together), as follows:
(post-meal SW — fasting SW)
energy content of a meal

WwWQ =
where SW is the sensation of well-being.

Statistical analysis

Means and standard deviations were calculated for all
variables. Two-way repeated-measures ANOVA was used
to analyse the change in the measured variables over time
in each diet group. The comparison of group C and group
V results, and the comparison of the initial and final
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values for the measured variables in each group, was
undertaken using the Student ¢ test (or the Mann—Whitney
test if the distribution of results was not homogeneous).
Pearson linear correlation coefficients were also calcu-
lated. All calculations were made using the SAS for
Windows statistical software package (SAS Institute, Cary,
NC, USA). Significance was set at P<<0-05.

Results

No differences were found for age (mean 27-0 (sp 4:3)
years v. 28:6 (sp 5-0) years) or BMI (Table 1) between
groups (C and V) at the beginning of the study.

Good compliance with the diets was achieved. The
diet C women increased their intake of cereals and
the diet V women increased their intake of vegetables.
Both also increased their intake of fruits and reduced
their intake of pastries and meat+fish+eggs (Table 1).
Energy from carbohydrates at the end of the study
was higher in diet C than in diet V (50-7 (sp 5-4) % 0. 46-6
(sp 8:0) % respectively, P<<0-05). As a consequence
of the intervention, energy intake, weight and BMI
decreased both in diet C women and diet V women
(Table D).

No differences were seen between the two groups in
terms of the sensation of hunger or well-being at the start
of the study (Tables 2 and 3), with the exception of
hunger before breakfast, which was greater in diet C than
in diet V subjects (both at the start and the end of the
study). Nevertheless, the mean sensation of hunger after
meals was greater both in diet C women and diet V
women after 6 weeks of intervention compared with that
at the beginning (Table 2).

47

When analysing the sensations of hunger and well-being
declared by the subjects (i.e. all the women together) before
the intervention (Tables 2 and 3), the maximum feeling
of hunger appeared before lunch, with a significant
difference with respect to breakfast (<< 0-01) and dinner
(P<0-05). The sensation of well-being was lowest before
breakfast, with a significant difference compared with
that experienced before lunch (£<0-01) and dinner
(P<0-05).

At 6 weeks, the sensation of well-being after breakfast,
after the morning snack and after lunch, as well as the
mean sensation of well-being (after all meals as a whole),
was greater in diet C than in diet V subjects (Table 3).

Higher BMI was positively correlated with higher
hunger sensation at lunch (»= 0-3120; P<<0-05) and after
the afternoon snack (r=0:4665; P<0-05). It was also
found that higher waist:hip ratio at the start of the study
was positively associated with greater total initial hunger
(mean of all initial hungers; = 0-4114; P<0-01), mean
hunger (= 0-3085; P<0-05), pre-evening snack hunger
(r=0-4478; P<0-05) and pre-dinner hunger (»= 0-2819;
P<0-05), compared with lower waist:hip ratio.

At the same time, thinner women (BMI<<P50 (50th
percentile); 27-3kg/m®) declared a greater sensation of
well-being before dinner (6-0 (sp 2:3) cm) than those with
BMI=P50 (47 (sp 2:2) cm) (P<0-05). Though their
feeling of well-being increased after dinner, this increase
was less than in heavier women (1-2 (sp 2-4) cm v. 2°4
(sp 2:5) cm).

It was also observed that women who declared a
greater pre-dinner sensation of well-being were those
who experienced least hunger at that moment (r=
—0-4383; P<0-001). Those who experienced hunger
<P25 (4:3cm) at the start of dinner consumed less

Table 2 Differences in initial and final sensation of hunger depending on the time and type of intervention: young overweight/obese Spanish

women following two types of hypoenergetic diet

Pre-intervention data

Results at 6 weeks

Diet V (n 28) Diet C (n 29) Diet V (n 28) Diet C (n 29)
Mean SD Mean SD Mean SD Mean SD ANOVA
Initial hunger (cm)
Breakfast 4.5 3-0 6-5tt 2:4 5-5 2:5 6-9t 21 d (F152=10-67; P=0-0019)
Mid-morning snack 6-9 21 6-2 1-8 5-7 25 5.4 2:3 NS
Lunch 7-6 21 67 2:5 67 1-9 7-5 2:6 i (F154=4-82; P=0-0331)
Mid-afternoon snack 6-2 2:6 5-7 31 5-2 21 5-0 2:2 NS
Dinner 6-2 1-8 6-1 29 6-4 21 6-7 2:4 NS
Mean 6-2 1-4 6-3 1-3 5-9 1-5 64 1-2 NS
Final hunger (cm)
Breakfast 1.7 1-3 1-4 11 2:0 1-4 2-1* 1-2 p (F152=6-04; P=0-0176)
Mid-morning snack 2:3 1-9 3-2 27 3-2* 1-9 21t 1-3 NS
Lunch 1-2 1-2 15 1-8 2-:0 15 16 1-6 NS
Mid-afternoon snack 34 1-8 2:6 2:2 3-4 2:0 2:7 2:2 NS
Dinner 14 1-4 1-4 1-6 2:5 1.7 21 1-9 p (Fi52=7-75; P=0-0076)
Mean 1-6 1-0 17 1-3 2-5** 11 2-1* 0-9 p (F1.54=13-12; P=0-0007)
Mean hunger (cm) 39 0-9 4-0 11 4-2 1-0 4:2 0-9 NS

Diet V, increased consumption of vegetables; diet C, increased consumption of breakfast cereals; d, diet; p, period; i, interaction.
Mean values were significantly different from those of the pre-intervention group: *P < 0-05, **P<0-01, ***P<0-001.
Mean values were significantly different from those of the diet V group: tP<0-05, +tP<0-01, ++1P < 0-001.
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Table 3 Differences in initial and final sensation of well-being depending on the time and type of intervention: young overweight/obese

Spanish women following two types of hypoenergetic diet

Pre-intervention data

Results at 6 weeks

Diet V (n 28) Diet C (n 29) Diet V (n 28) Diet C (n 29)
Mean SD Mean sD Mean sD Mean ) ANOVA
Initial well-being (cm)
Breakfast 37 2:0 4-5 24 4-0 2:2 41 2:3 NS
Mid-morning snack 4-7 2:0 4-5 27 5-0 2:2 51 2:3 NS
Lunch 4-6 21 5-3 2:4 4-8 21 4-3 2-3 NS
Mid-afternoon snack 4-9 2:0 51 2-8 5-4 1-8 56 21 NS
Dinner 5.6 1-8 5-2 27 4-8 2:4 5-0 2-3 NS
Mean 4-5 1-5 5-0 1-6 4.7 1-7 4.7 17 NS
Final well-being (cm)
Breakfast 6-3 1-8 71 1-8 6-5 1-8 7-5t 1-3 d (F152=5-89; P=0-0188)
Mid-morning snack 71 1-2 6-7 2:4 6-3 15 7-5t 1-2 NS
Lunch 7-0 1-8 7-4 1-6 6-6 1-8 7-9tt 1-4 d (F1,54=4-83; P=0-0323)
Mid-afternoon snack 6-5 1-3 7-3 17 6-5 1-7 7-0 1-3 NS
Dinner 7-3 1-5 7-0 1-6 6-5 2:2 7-2 1-6 NS
Mean 6-8 1-3 71 14 65 1-5 7-3t 1-0 d (Fy,54 = 4-56; P=0-0373)
Mean well-being (cm) 5-6 1-0 6-1 1-3 5-6 1-3 6-0 11 NS

Diet V, increased consumption of vegetables; diet C, increased consumption of breakfast cereals; d, diet; p, period; i, interaction.
Mean values were significantly different from those of the pre-intervention group: *P<0-05, **P<0-01, ***P<0-001.
Mean values were significantly different from those of the diet V group: tP<0-05, +tP<0-01, ++tP<0-001.

Table 4 Satiety quotient (SQ) and well-being quotient (WQ) for every meal, plus mean values for the entire study period: young overweight/

obese Spanish women following two types of hypoenergetic diet

Pre-intervention data

Results at 6 weeks

Diet V (n 28) Diet C (n29) Diet V (n 28) Diet C (n 29)

Mean spb Mean sb Mean sb Mean sp ANOVA

SQ (cm/kcal)

Breakfast 0-9 11 14 09 13 10 18 09 d (Fy52=4-73; P=0-0342); p (F1,520=7-05; P=0-0107)

Mid-morning snack 5-6 4.5 32 277 22 24 29 2:1 NS

Lunch 0-8 0-4 06t 03 07 04 09" 05 i(Fs4=458 P=0-0374)

Mid-afternoon snack 7-4 189 2-9 28 19 23 26 2:5 NS

Dinner 10 08 07 04 10 07 14 1.0 p(Fyss=7-05 P=0-0106)

Mean 0-2 0-1 02 0-1 02 01 03"t 01 p(Fy54=423; P=0-0447); i (F154=8-19; P=0-0060)
WQ (cm/kcal)

Breakfast 0-9 09 07 o6 10 1.0 1.3 1-2 p (F1520=4-68; P=0-0356)

Mid-morning snack ~ 2-2 22 26 50 10 15 21t 1-8 NS

Lunch 0-3 0-3 02 0-3 03 03 05% 05 p(Fis4=498; P=0-0310)

Mid-afternoon snack 35-7 1106 1-5 21 13 20 16 2:3 NS

Dinner 0-3 0-4 03 04 05 08 07 0-8 p(Fis4=7-87; P=0-0072)

Mean 0-1 0-1 01 0-1 0-1 0-1 02" 01 p (Fy54=569; P=0-0209); i (F154=8-38; P=0-0056)

Diet V, increased consumption of vegetables; diet C, increased consumption of breakfast cereals; d, diet; p, period; i, interaction.
Mean values were significantly different from those of the pre-intervention group: *P < 0-05, **P<0-01, ***P < 0-001.
Mean values were significantly different from those of the diet V group: tP<0-05, +tP<0-01, t+tP<0-001.

energy at this meal (2-53 (sp 0-73) M]J, 604 (sp 175) kcal)
than those who started this meal with hunger >P75
(7-8 cm; these subjects consumed 3-27 (sp 1-05) MJ, 781
(sp 250) kcal; P<0-05). In general, hunger waned
more during dinner since more energy was consumed
(r=-0-2860; P<0-05), but the more hunger was
decreased, the less weight loss was achieved (= 0-2660;
P<0-05).

SQ at lunch at the start of the study was smaller in diet
C women than in diet V women, but this difference dis-
appeared by week 6. This capacity increased during the
course of diet C. By the end of the study it increased with
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lunch and dinner, as did the mean SQ (for all meals taken
as a whole) (Table 4). Further, the mean SQ was greater
in diet C women than in diet V women at the end of
the study.

No differences were seen in WQ between diet C and
diet V women at the start of the study, but after 6 weeks of
dietary intervention the capacity to experience well-being
with breakfast, lunch and dinner (as well as the mean WQ
for all meals) increased in diet C women; this capacity
was also greater in diet C women compared with diet V
women with respect to the morning snack and lunch

(Table 4).
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Discussion

Both dietary interventions allowed an approximation of
the diet to the theoretical ideal and led to food intakes
similar to those recommended. A reduction in body weight
(Table 1), an improved energy profile and a better nutri-
tional status were also obtained with both diets'?2%".

The women with higher BMI were hungrier at the
different meal times, and women with higher waist:hip
ratio at the start of the study experienced stronger initial
hunger at certain meal times compared with those having
lower waist:hip ratio. These results agree with those of
Ronti et al®?, who indicated that the increase in the
production of certain ‘adipokines’ (bioactive peptides
secreted by adipose tissue) in obesity leads to an
increased sensation of hunger.

In the present work, the perception of well-being and
hunger was different in women with different BMI; those
with higher BMI experienced a greater improvement in
their perception of well-being associated with food con-
sumption in the later hours of the day. These sensations
might be associated with energy intake and, as a con-
sequence, might influence the regulation of weight®®.

Coinciding with the results for dinner, the women with
a sensation of well-being >P50 (7-0 cm) after breakfast or
>P50 (7-4cm) after lunch had higher energy intakes at
these meals compared with women whose sensation of
well-being after these meals was lower (breakfast: 1-67 MJ
(398kcaD) v 1-39MJ (332kcal) respectively, lunch:
3-84 MJ (960 kcal) v. 3-35M]J (800 kcal) respectively).

An increase in the sensation of hunger and the desire to
eat after losing weight are common®?. In the present study
an increase was recorded in mean post-meal hunger, both
for diet C women and diet V women (Table 2). However,
although the women following diet C lost more weight,
their sensation of hunger was no stronger (Table 2).

The increase in hunger associated with following
weight-loss diets is responsible for the high withdrawal rate
seen®?. In the present study, only 14:9% of women
abandoned (6:5% on diet C and 22:2% on diet V). They
dropped out because they found the diets difficult to keep
to. The smaller percentage of withdrawals in group C
could be due to the fact that these women experienced no
more hunger than women on diet V, yet showed a greater
sensation of well-being after meals (Table 3). Other
authors”>™® have indicated that diets rich in cereals are
very useful in weight-loss programmes due to their capacity
to suppress hunger and subsequent energy intake.

After 6 weeks on diet C, the higher the mean SQ value
(i.e. the sooner the satiety signal was reached), the lower
the energy intake of the total diet (= —0-4259; P<0-05).

The greater the weight loss achieved, the greater the
total well-being and the mean well-being registered
after meals at the end of the study (= —0-3601; P<0-01
and r= —0-2859; P<0-05 respectively). Well-being may
condition the likelihood of keeping to a hypoenergetic
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diet; however, it could also be that as weight is lost the
sensation of well-being is amplified.

It is common for weight-loss diets to cause depression,
anxiety, nervousness and irritability*>*”. Nevertheless,
some authors suggest that weight loss induces an increase
in well-being and vitality®"*%; certainly, the well-being of
women who followed diet C increased at the end of the
study — a further advantage over diet V. Moreover, only
group C subjects saw their mean WQ improve (as did
those for breakfast, lunch and dinner). The WQ for the
mid-morning snack and lunch at week 6 was also higher
than in diet V subjects (Table 4). This agrees with the
results of other investigations in which it was observed
that people who consumed large amounts of carbo-
hydrates experienced fewer episodes of anxiety and
depression®??. These macronutrients increase the rate
at which tryptophan enters the brain, leading to an
increase in serotonin levels (which modulates mood)®” .

The mean and for some meals sensation of well-being at
the end of the study was higher among diet C women, and
only this diet improved satiety and well-being capacity for
some meals and for the mean of all meals. These more
positive results may contribute to the increased weight loss
seen among the diet C subjects and their lower withdrawal
rate. Quantifying the perception of hunger or well-being
requires further study; a better understanding of these
phenomena might help explain the success or failure of
many weight-control programmes.

Acknowledgements

Contributors: R.M.O. and AM.L.S. contributed to the
study design; A.A., ER.R. and L.M.B. performed the data
collection; RM.O., AM.LS., AA., ERR. and LM.B. were
involved in data analysis and interpretation of results; and
R.M.O., AMLS. and E.RR. contributed to writing the
manuscript. None of the authors had any personal or
financial conflict of interest.

Sources of funding: The work was financed by Kellogg
Espana via the Universidad-Empresa project 362/2003.

References

1. Gutierrez-Fisac JL, Banegas Banegas JR, Artalejo FR &
Regidor E (2000) Increasing prevalence of overweight and
obesity among Spanish adults, 1987-1997. Int | Obes Relat
Metab Disord 24, 1677-1682.

2. Ortega RM & Lopez-Sobaler AM (2005) How justifiable
is it to distort the energy profile of a diet to obtain
benefits in body weight control? Am J Clin Nutr 82,
1140-1141.

3. Keim NL, Canty DJ, Barbieri TF & Wu MM (1996) Effect of
exercise and dietary restraint on energy intake of reduced-
obese women. Appetite 26, 55-70.

4.  Westerterp-Plantenga MS, Lejeune MP, Nijs I, van Ooijen M
& Kovacs EM (2004) High protein intake sustains weight
maintenance after body weight loss in humans. Int J Obes
Relat Metab Disord 28, 57-04.


https://doi.org/10.1017/S1368980008001912

50

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Pasman WJ, Saris WH & Westerterp-Plantenga MS (1999)
Predictors of weight maintenance. Obes Res 7, 43-50.
McGuire MT, Jeffery RW, French SA & Hannan PJ (2001)
The relationship between restraint and weight and weight-
related behaviors among individuals in a community
weight gain prevention trial. Int J Obes Relat Metab Disord
25, 574-580.

Mattes RD (2002) Feeding behaviors and weight loss
outcomes over 64 months. Eat Behav 3, 191-204.

Lowe MR & Timko CA (2004) What a difference a diet
makes: towards an understanding of differences between
restrained dieters and restrained nondieters. Eat Bebhav 5,
199-208.

Atkins R (2002) Atkins New Diet Revolution. New York:
Avon Books.

World Health Organization (1985) Energy and Protein
Requirements. Report of a Joint FAO/WHO/ONU Expert
Consultation. Technical Report Series no. 724. Geneva:
WHO.

Navia B, Ortega RM, Requejo AM, Mena MC, Perea JM &
Lopez-Sobaler AM (2003) Influence of the desire to lose
weight on food habits, and knowledge of the character-
istics of a balanced diet, in a group of Madrid university
students. Eur J Clin Nutr 57, 90-93.

Ortega RM, Requejo AM, Lopez-Sobaler AM et al. (2000)
Knowledge of what constitutes a balanced diet and its
relationship with food habits in university students. Nutr
Clin 20, 19-25.

Ortega RM, Lopez-Sobaler AM, Rodriguez-Rodriguez E,
Bermejo L, Garcia-Gonzalez L & Lopez-Plaza B (2005)
Response to a weight control program based on approx-
imating the diet to its theoretical ideal. Nutr Hosp 20,
393-402.

Ortega RM, Requejo AM & Lopez-Sobaler AM (2003)
Activity questionnaire. In Nutriguia. Manual of Clinical
Nutrition in Primary Care, p. 468 [AM Requejo and RM
Ortega, editors]. Madrid: Ed. Complutense.

World Health Organization (1995) Methodology of Nutri-
tional Surveillance. Physical Condition: Use and Inter-
pretation of Anthropometric Data. Report of a Joint FAO/
UNICEF/WHO Expert Consultation. Technical Report Series
no. 854. Geneva: WHO.

Ortega RM, Requejo AM & Lopez-Sobaler AM (2003)
Questionnaires for dietetic studies and the assessment of
nutritional status. In Nutriguia. Manual of Clinical Nutri-
tion in Primary Care, pp. 450—459 [AM Requejo and RM
Ortega, editors]. Madrid: Ed. Complutense.

Ortega RM, Lopez-Sobaler AM, Requejo AM & Andrés P
(2004) Food Composition. A Basic Tool for Assessing
Nutritional Status. Madrid: Ed. Complutense.

Ortega RM, Lopez-Sobaler AM, Andrés P, Requejo AM &
Molinero LM (2004) DIAL Software for Assessing Diets and
Food Calculations. Madrid: Departamento de Nutricion
(UCM) y Alce Ingenieria SA; available at http://www.
alceingenieria.net/nutricion.htm

Drapeau V, Blundell J, Therrien F, Lawton C, Richard D &
Tremblay A (2005) Appetite sensations as a marker of
overall intake. BrJ Nutr 93, 273-280.

Ortega RM, Lopez-Sobaler AM, Andrés P, Rodriguez-
Rodriguez E, Aparicio A, Bermejo L & Lopez-Plaza B

https://doi.org/10.1017/51368980008001912 Published online by Cambridge University Press

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

3s.

E Rodriguez-Rodriguez et al.

(2006) Changes in folate status in overweight/obese
women following two different weight control pro-
grammes based on an increased consumption of vegeta-
bles or fortified breakfast cereals. Br J Nutr 96, 712-718.
Ortega RM, Andrés P, Lopez-Sobaler AM, Rodriguez
Rodriguez E, Aparicio A, Bermejo LM, Garcia-Gonzalez L
& Basabe B (2007) Changes in thiamine intake and blood
levels in young, overweight/obese women following
hypocaloric diets based on the increased relative con-
sumption of cereals or vegetables. Eur J Clin Nutr 61,
77-82.

Ronti T, Lupattelli G & Mannarino E (2006) The endocrine
function of adipose tissue: an update. Clin Endocrinol
(Oxf) 64, 355-305.

Taveras EM, Rifas-Shiman SL, Berkey CS, Rockett HR, Field
AE, Frazier AL, Colditz GA & Gillman MW (2005) Family
dinner and adolescent overweight. Obes Res 13, 900-906.
Doucet E, Imbeault P, St-Pierre S, Almeras N, Mauriege P,
Richard D & Tremblay A (2000) Appetite after weight loss
by energy restriction and a low-fat diet—exercise follow-up.
Int ] Obes Relat Metab Disord 24, 906-914.

Duncan KH, Bacon JA & Weinsier RL (1983) The effects of
high and low energy density diets on satiety, energy intake,
and eating time of obese and nonobese subjects. Am J Clin
Nutr 37, 763-767.

Heini AF, Kirk KA, Lara-Castro C & Weinsier RL (1998)
Relationship between hunger—satiety feelings and various
metabolic parameters in women with obesity during
controlled weight loss. Obes Res 6, 225-230.

Mattes RD (2002) Ready-to-eat cereal used as a meal
replacement promotes weight loss in humans. J Am Coll
Nutr 21, 570-577.

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

Halmi KA, Stunkard AJ] & Mason EE (1980) Emotional
responses to weight reduction by three methods: gastric
bypass, jejunoileal bypass, diet. Am J Clin Nutr 33,
446-451.

Vazquez V & Lopez JC (2001) Psicologia y obesidad. Rev
Endocrinol Nutr (Sociedad Mexicana de Nutricion Yy
Endocrinologia) 9, 91-96.

Jensen GL, Roy MA, Buchanan AE & Berg MB (2004)
Weight loss intervention for obese older women: improve-
ments in performance and function. Obes Res 12,
1814-1820.

Rippe JM, Price JM, Hess SA, Kline G, DeMers KA, Damitz S,
Kreidieh I & Freedson P (1998) Improved psychological
well-being, quality of life, and health practices in moder-
ately overweight women participating in a 12-week
structured weight loss program. Obes Res 6, 208-218.

De Castro JM (1987) Macronutrient relationships with meal
patterns and mood in the spontaneous feeding behavior of
humans. Physiol Bebav 39, 561-569.

Pellegrin KL, O’Neil PM, Stellefson EJ, Fossey MD,
Ballenger JC, Cochrane CE & Currey HS (1998) Mean daily
nutrient intake and mood among obese women. Nutr Res
18, 1103-1112.

Benton D & Donohoe RT (1999) The effects of nutrients on
mood. Public Health Nutr 2, 403-409.


https://doi.org/10.1017/S1368980008001912

