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Abstract

This study examines the combined effects of caloric restriction on body composition, blood lipid, and satiety in slightly overweight women by
varying food density and aerobic exercise. Twenty-three women were randomly assigned to one of two groups for a four-week weight management
program: the high-energy density diet plus exercise (HDE: n=12, 22+2 yrs, 65+7 kg, 164+5 cm, 35+4 % fat) and low-energy density diet
plus exercise (LDE: n=11, 22+ 1 yrs, 67+7 kg, 161 £2 cm, 35+4 % fat) groups. Subjects maintained a low-calorie diet (1,500 kcal/day) during
the program. Isocaloric (483 +26 for HDE, 487 +27 kcal for LDE) but different weight (365 + 68 for HDE, 814 +202 g for LDE) of lunch was
provided. After lunch, they biked at 60% of maximum capacity for 40 minutes, five times per week. The hunger level was scaled (1: extremely
hungry; 9: extremely full) at 17:30 each day. Before and after the program, the subjects’ physical characteristics were measured, and fasting blood
samples were drawn. The daily energy intake was 1,551 +259 for HDE and 1,404 + 150 kcal for LDE (P> 0.05). After four weeks, the subjects’
weights and % fat decreased for both LDE (-1.9 kg and -1.5%, P <0.05) and HDE (-1.6 kg and -1.4%, respectively, P <0.05). The hunger level
was significantly higher for HDE (2.46 +0.28) than for LDE (3.10£0.26) (P <0.05). The results suggest that a low-energy density diet is more
likely to be tolerated than a high-energy density diet for a weight management program combining a low-calorie diet and exercise, mainly because

of a reduced hunger sensation.
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Introduction

The obesity epidemic has been widely recognized as a major
public concern, and thus, a number of researchers and public
agencies have advocated the urgent need for weight management
strategies [1,2]. Although many studies have surveyed and
examined acute and long-term weight loss programs, it has been
widely acknowledged that a long-term weight management
program is difficult to achieve [3.4].

Previous studies have found that weight loss and maintenance
are closely associated with changes in dietary intake, including
(but not limited to) decreases in total energy intake [5-7] as well
as in dietary fat intake [8,9]. However, most of the previous
studies have found that decreasing energy intake and the amount
of food (and food choices) can increase the sensation of hunger
and the level of dissatisfaction and thus increase the likelihood
of weight loss failure or weight regain [10,11]. Exercise and
physical activity have been associated with effective long-term

weight management because they can increase energy expenditure
[3,12]. However, previous research has found considerable
differences in individuals’ responses to physical activity for
maintaining and losing weight [3]. Restricting dietary intake and
engaging in physical activity have been suggested as the key
to achieving a desired weight management goal [1,13].

The energy deficit from only caloric restriction and that from
caloric restriction with physical activity have been found to be
similar, and their effects on the magnitude of weight change have
also been found to be similar [14-16]. However, the effect of
a negative energy balance on weight loss may depend on the
magnitude of energy restriction. For instance, if energy restriction
is not severe, weight loss from a negative energy balance with
caloric restriction and physical activity can be significantly
greater than that from a negative energy balance with only caloric
restriction [17]. Thus, increasing daily physical activity and
restricting dietary intake may be an efficient method of weight
loss when caloric restriction is moderate.
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A dietary strategy for reducing energy density has recently
been proposed. This strategy can minimize the sensation of
hunger resulting from caloric restriction and thus can enhance
the likelihood of the individual continuing his or her weight
management program [18,19]. By selecting low-energy density
foods, a greater amount of food can be consumed for the same
number of calories. Further, it has been demonstrated that feeling
full is more likely to make a person stop eating than the total
caloric content of the food consumed [6]. Previous studies have
shown that the energy density of food can affect energy intake,
satiety, and body weight [20-22] and indicated that a decrease
in dietary energy density can reduce energy intake [6,23,24].
Some studies lasting more than six months have found that
weight loss can be three times greater for individuals consuming
low-energy density foods (low in fat) than for those simply
consuming low-fat foods [22]. It has been widely known that
regular exercise can reduce body weight for most individuals
[1,3]. When implementing weight management programs,
modifying the energy balance is essential, and this can be
achieved by manipulating the diet and/or increasing energy
expenditure (e.g., exercise). However, no study has examined the
combined effects of dietary energy density with exercise on
weight change.

Thus, the present study investigates the effects of dietary
energy density with moderate aerobic exercise on weight change
and satiety by using a sustainable weight management program
that allows individuals to experience moderate levels of energy
restriction and exercise intensity.

Subjects and Methods

Study design

A four-week weight management program was developed. All
of the subjects took part in the program, which modified the
diet to reduce energy intake and incorporated an aerobic exercise
session to elevate energy expenditure. The subjects were divided
into two groups and given instructions on how they could
maintain a low-calorie diet (1,500 kcal/day) during the study.
For their lunch, both groups were provided an isocaloric diet
(500 kcal). However, one group consumed low-energy density
meals, whereas the other consumed high-energy density ones.
Their blood lipid profiles and satiety were compared both before
and after the program. The study spanned from September to
November.

Subjects

A total of 23 young women considered to be slightly
overweight (>30% body fat) were recruited for the study. They
had not participated in any diet or regular exercise program for
at least three months prior to the study. They were instructed

to report any problems that could affect their participation in
the study (e.g., metabolic, cardiovascular, orthopedic, or eating
problems). All the procedures and requirements were explained,
and they voluntarily signed an informed consent form. They were
randomly divided into two groups: the low-energy density diet
plus exercise (LDE: n=11) and high-energy density diet plus
exercise (HDE: n=12) groups. However, they were not informed
about the group to which they were assigned. Table 1 shows
the subjects’ morphological characteristics.

Dietary modifications

A preliminary dietary intake assessment using three-day dietary
recall was conducted, and their dietary behavior was evaluated.
Based on their records, they were told to restrict their energy
intake to 1,500 kcal/day by consuming approximately 500 kcal
per meal. Low-energy density food was defined as 0.6 kcal/g,
whereas high-energy density food was 1.4 kcal/g. Each group
was provided with some sample foods. For LDE, reducing fat
intake and choosing carbohydrate- and/or water-rich foods (e.g.,
boiled eggs, tomatoes, low-fat yogurt, fruits, and vegetables) were
encouraged. Cookies, rice cakes, and fat-rich items were
recommended to HDE. To verify their energy intake and food
weight, the subjects were instructed to keep dietary records
indicating types of foods consumed, portions, the location at
which each meal was consumed, and time spent eating, among
others. In addition, they recorded the level of their perceived
hunger before dinner at 17:30 [18]. This information was
obtained through communication between the subjects and the
investigator by mobile phone messages on a real-time basis.

Lunch program

Lunch was provided to the subjects during weekdays (i.e., five
days a week). For both groups, an isocaloric diet (487 + 27 kcal
for LDE and 483 =26 kcal for HDE) was provided. However,
the amounts of food differed: 814 +202 g for LDE and 365 +
68 g for HDE (P <0.05). For example, a lunch for LDE was
composed of sweet potato 200 g, apple 200 g, cucumber 100
g, cherry tomato 250 g, and low fat milk 200 ml which was
equivalent of 485 kcal, while that for HDE was composed of
cereal 60 g, whole milk 200 ml, and apple 100 g, equivalent
of 483 kcal. The energy density for the lunch program was
approximately 0.6 kcal/g for LDE and 1.3 kcal/g for HDE. Each
lunch meal was weighed (Tanita, Japan), and its caloric value
was calculated. The subjects were encouraged to consume all
the food provided. If they did not finish, the leftover was weighed
and calculated for the energy intake. Their lunch was supplied
in blind, and each group was unaware of the composition of
the other’s lunch.



416 Effects of food density with exercise on weight

Exercise sessions

After each lunch, all the subjects took part in aerobic exercise
sessions in which they exercised on a stationary bike at 60%
of their estimated maximal heart rate for 40 minutes. The target
heart rate was calculated as [(220-age)-resting heart rate] x 0.6
+resting heart rate. This protocol was selected because this
intensity was assumed to be a moderate to vigorous activity and
that the duration could be greater than 200 minutes per week
[3]. The subjects maintained the cadence of 60 rpm following
an electric metronome. Both before and after each session, the
subjects warmed up and cooled down for 10 minutes each. In
the first week, the workload was adjusted to match the
individual’s exercise intensity and readjusted in Week 3. This
readjustment was done because of changes in the fitness level
as a result of the physical training. Exercise intensity was
monitored throughout the sessions by the investigators. The
subjects were instructed not to engage to any other exercise
programs or vigorous activities beyond the daily routine over
the course of the study.

Measurements

Both before and after the program, the subjects’ physical
characteristics such as their height, weight (DS-102, Dong Sahn
Jenix, Korea), body fat content (using a bioelectrical impedance
method, InBody 3.0, Biospace, Korea), and waist/hip girth were
measured. The body mass index was calculated as kg/m’. Blood
samples were collected twice from antecubital veins after 12
hours of overnight fasting both before and after the program.
The 5 ml sample of whole blood was centrifuged at 3,000 rpm
for 10 minutes. The serum was separated and stored at -36C
for later analysis. The samples were analyzed for triglycerides
(TG), total cholesterol (TC), and high-density lipoprotein
cholesterol (HDL-C) by enzymatic colorimetric methods (Vistalab
Selectra, Merck, Germany). Low-density lipoprotein cholesterol
(LDL-C) was calculated using Friedewald ez al. [25]’s formula.
Blood glucose before and two hours after each lunch was
measured (Ektachem DT60 II, Kodak, USA). The dietary records
were analyzed to confirm the energy value and weight of food
consumed each week by using CAN-pro 3.0 (Korean Nutrition
Society, Korea). A nine-point Likert scale was used for perceived
satiety; 1: extremely hungry, 9: extremely full.

Statistical analysis

The data were analyzed using SPSS 14.0 for Windows. All
the values were expressed as means and standard deviations. The
pre- and post-testing results for each group were compared using
the paired t-test, and the differences between the groups were
compared using the independent t-test. The results were examined
for their statistical significance (P < 0.05).

Results

All the subjects complied with the study requirements, that
is, they followed the required dietary and exercise program. The
changes in the morphological variables are shown in Table 1.

Table 1. Physical characteristics of subjects and changes after the four-week
program

LDE (n=11)" HDE (n=12)"
Group )
Pre Post Pre Post

Age (yrs) 22.0+1.0 - 21.8+16 -
Height (cm) 160.6+ 2.1 - 163.8+5.0 -
Weight (kg) 66.5+6.6 64.6+6.8* 645+72 629+7.5
Body mass index 258+1.9 25.0+2.0* 24131 23.5+3.1*
(kg - m?)
Body fat content (%) 35.4+3.5 33.9+4.3* 345143 33.1+4.3*
Waist girth (cm) 31.5+27 30.3+2.5* 31.3+£37 29.0+3.6*
Hip girth (cm) 39.0+£21 37.7+20° 385+37 38425

0.81+£0.05 0.80+0.05 0.81+0.12 0.76+0.06

*Denotes significance at the 5% level (a paired t-test)

" LDE: the “low-energy density diet plus exercise” group
HDE: the “high-energy density diet plus exercise” group

? Mean =+ SD

Waist-to-hip ratio

Table 2. Dietary composition and daily energy intake

Lunch energy value  Lunch weight Daily energy intake

Group

(kcal) (9) (kcal)
LDE" 487 27 814 + 202 1,404 + 150
HDE" 483 +26 365 + 68 1,551+ 259

*Denotes significance at the 5% level (a paired t-test)
YV LDE: the “low-energy density diet plus exercise” group
HDE: the “high-energy density diet plus exercise” group

Table 3. Nutrient composition by group

Group Protein (%) Fat (%) Carbohydrate (%)
LDE" 11.3+24 8.4+50 80.3+6.9
HDE" 11.3+2.8 12.3+98 76.4+116

Y LDE: the “low-energy density diet plus exercise” group
HDE: the “high-energy density diet plus exercise” group

Table 4. Estimated average fiber and selected vitamin/mineral intake per day

LDE" HDE"
Fiber (g) 7.02+3.61 5.54 +1.64
Vitamin A (ug) 592 + 185 477 + 244
Vitamin By (mg) 0.71+0.34 0.69 +0.25
Vitamin B (mg) 0.78 +0.42 0.54+0.13
Niacin (mg) 11.22+8.71 9.77 +4.57
Vitamin Bs (mg) 0.74+0.32 1.49+1.10
Vitamin C (mg) 453+353 39.2+329
Vitamin E (mg) 6.23+5.22 9.84+6.21
Calcium (mg) 378+333 498 + 424
Iron (mg) 9.77 +4.24 12.20+3.38
Phosphorus (mg) 748 + 362 692 +123
Zinc (mg) 6.32+3.30 5.96+1.12
Sodium (mg) 2,314+ 924 2,598 +437
Potassium (mg) 1,689 + 724 1,867 + 502

VDE: the “low-energy density diet plus exercise” group
HDE: the “high-energy density diet plus exercise” group
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Table 5. Blood lipid profiles before and after the weight management program

» LDE" HDE"
Serum lipid 2
Pre’ Post Pre Post
Total Cholesterol ~ 156.7+25.9 1604+21.2 1785+27.3 178.3+29.2
(mg/dL)
Triglycerides 775+308 754+339 70.6+434 74.7+58.0
(mg/dL)
HDL-Cholesterol 53.0+11.8 47.1+9.6* 59.2+11.2 51.5+11.4*
(mg/dL)
LDL-Cholesterol 88.2+266 98.1+246 1052243 111.9+24.0
(mg/dL)

*Denotes significance at the 5% level (a paired t-test)

LDE: LDE: the “low-energy density diet plus exercise” group
HDE: the “high-energy density diet plus exercise” group

% Mean =+ SD

Table 6. Blood glucose response after 12 hours of overnight fasting and 2 hours
after lunch

Week LDE" HDE"
1 Before lunch (mg/dL)? 95.3+6.1 89.9+6.8
2 hr post lunch 96.3+5.9 103.6+9.9
2 Before lunch 90.4+4.2 88.3+3.4
2 hr post lunch 102.0+5.2 102.8+9.9
3 Before lunch 90.8+6.1 89.5+3.8
2 hr post lunch 1024 +6.9 106.2+7.2
4 Before lunch 91.7+3.9 89.0+25
2 hr post lunch 101.3+£5.2 103.2+5.1
V' LDE: the “low-energy density diet plus exercise” group
HDE: the “high-energy density diet plus exercise” group
? Mean + SD
Table 7. Perception of hunger
Week LDE" HDE"
129 3.00 +0.39 2.31£0.22*
2 2.80+0.28 2.54 +0.46
3 3.29+0.19 2.63+0.28*
4 3.32+0.15 2.37 £0.28*
Total 3.10+£0.26 2.46 +0.28*

*Denotes significance at the 5% level (a paired t-test)

Y LDE: the “low-energy density diet plus exercise” group
HDE: the “high-energy density diet plus exercise” group

?'Mean + SD

IA nine-point Likert scale was used for perceived satiety (1: extremely hungry; 9:
extremely full),

Both groups showed decreases in their weight, body mass index,
fat content, and waist girth (P <0.05) after four weeks. Their
weight and body fat decreased by 1.9 kg and 1.6 kg and by
1.5% and 1.4% for LDE and HDE, respectively. There were no
changes in the waist-to-hip ratio for both groups. There were
no group differences in these morphological variables after the
program.

The energy value of lunch for both groups was slightly below
500 kcal, whereas the weight of the meal for LDE was two times
greater than that for HDE (P <0.05) (Table 2). There was no
difference in the recorded total daily energy intake between the
groups. The composition of nutrients they consumed during the
program was similar for both groups (Table 3). Table 4 shows
the estimated average fiber intake and the selected vitamin and

mineral intake.

Table 5 shows the fasting blood lipid level both before and
after the program. There were no differences in the measured
parameters except for HDL-C, which decreased for both groups
after the program (P <0.05). There was no change in blood
glucose levels before and after their lunch for both groups, and
the levels were within the normal range (Table 6).

The sensation of hunger before dinner was relatively stronger
for HDE than for LDE (P <0.05), and this was clear except for
Week 2 (Table 7).

Discussion

In this randomized study, restricting daily energy intake and
engaging in a regular exercise program led to decreases in the
subjects’ body weights and body fat, and the decreases were clear
for both groups. Nonetheless, the perception of fullness was
higher for LDE than for HDE before dinner, indicating that the
subjects in the HDE group were more likely suffered from the
sensation of hunger. Previous studies have suggested that a
decrease in dietary energy intake is associated with weight loss
[6,7,23] and that this is more pronounced with a diet reflecting
low-energy density food [6,23,24]. Because previous research has
shown that weight management is more effective if a diet
program is combined with an exercise regimen [1,13], the present
study investigates whether combining energy restriction by
low-energy density food consumption with elevated energy
expenditure by an exercise program is effective for weight
management. The present study not only provides further
evidence of the effect of dietary energy restriction on weight
loss but also demonstrates the efficacy of a strategy combining
a low-energy density diet with an exercise program for weight
management.

The rough estimation of the daily energy balance indicates that
both groups exhibited energy deficits. If an individual’s resting
metabolic rate (RMR) is assumed to be 1 keal-kg body weight™-
hr' [26], the average energy deficit per day as a result of dietary
restriction was approximately 193 kcal and -3 kcal for LDE and
HDE, respectively. If bicycling at 60% of the maximum capacity
represents 6 metabolic equivalent, then for this study, the
metabolic cost during the exercise can be calculated as (6 kcal'kg
body weight"hr' x individual body weight) x (40 min/60 min)
[26]. Accordingly, the exercise energy expenditure were 266 kcal
and 258 kcal and total energy deficit per day for the LDE and
HDE groups were 459 kcal and 255 kcal, respectively. The
magnitude of weight loss was determined for both groups based
on differences in their energy balance, but those did not match.
For example, the difference in weight loss was approximately
19% (1.9 kg vs. 1.6 kg), whereas that in the energy balance
was approximately 80% (459 kcal vs. 255 kcal). The subjects’
energy deficits per day (459 vs. 255 kcal) were calculated by
weight; they were 2.17 kg for LDE and 1.20 kg for HDE
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(assuming a non-protein respiratory quotient of 8.0, 33.3% of
carbohydrate, 66.7% of fat metabolism, the caloric equivalent
of 4 kcal-g'l for carbohydrate and 9 kcal~g'l for fat, and a 30-day
study period), showing higher and lower calculated values than
those actually measured for LDE and HDE, respectively. The
results have a practical implication: the difference in the negative
energy balance between LDE and HDE can be magnified if the
duration of study is prolonged. Also, the difference is more likely
to be accentuated by differences in the sensation of hunger.

An important finding is the effectiveness of a low-density
dietary strategy incorporating exercise in controlling the
sensation of hunger. The subjects who had more food felt more
full before dinner. Many studies have demonstrated that the
energy density and amount of food were important environmental
determinants of energy intake [20,27]. Further, it has been
postulated that combining cognitive and orosensory factors with
physiological responses related to gastric distention and emptying
is a possible mechanism of fullness control [20]. However, such
studies have only considered the efficacy of dietary volume or
energy density and not considered the role of exercise in the
control of hunger sensation. If both exercise and caloric
restriction are recommended for controlling body weight, there
is no reason for not considering both the modification of food
density and the inclusion of exercise in weight management
programs. Nevertheless, it remains unclear whether exercise
alone could accentuate or blunt the sensation of fullness. The
present study provides evidence that exercise programs involving
changes in dietary food density can influence the sensation of
hunger. The present results, together with the findings of previous
research, suggest that combining the dietary intake of low-density
food with an exercise program may be a feasible strategy for
reducing both body weight and the sensation of hunger. Further,
such a strategy is likely to induce individuals to continue
participating in their weight management programs.

Many studies have demonstrated that weight loss after a
decrease in dietary fat is associated with concomitant total energy
intake reduction [28]. Strategies to reduce dietary energy density,
such as varying the types of foods or diets either by fat content
reduction or by consuming more quantity of fiuits and vegetables,
have been found to be effective for reducing energy intake [5,18,
19,29]. Both restricting fat intake and reducing fat by increasing
fruit and vegetable intake have been shown to result in marginal
weight loss [18,24,28]. Ello-Martin er al. [18] suggested that
water-rich foods can help reduce not only dietary energy density
but also fat intake. A strategy combining dietary energy density
with fat reduction has been found to be more effective in
controlling hunger and reducing body weight than that involving
only fat reduction. Increasing the intake of water-rich food foods
such as fruits and vegetables has been shown to lead not only
to effective weight management but also to a wide range of other
health benefits [30,31]. In the present study, similar levels of
dietary fat intake (in terms of dietary composition) led to similar
amounts of weight loss for both groups. To the authors’

knowledge, the present study is the first to demonstrate the weight
loss patterns by combining changes in food density and exercise
intensity.

Previous studies have suggested that self-reported dietary
records may lead to underreporting and thus underestimated
dietary intake results [32] and compliance bias [33]. However,
because such findings are likely applicable to obese subjects, it
is unlikely that the subjects in the present study reported less
than what they consumed. In addition, because they were closely
supervised within a relatively short period, it is likely that the
results reflect no compliance bias. Previous studies have reported
that subjects adhere better to study programs when they interact
frequently with the program supervisor [34]. It is important to
determine whether the prolonged adherence to both a low-energy
density diet and an exercise program is possible. Previous studies
have examined whether programs involving a low-energy density
diet for weight loss can be maintained for more than two years
[35], but no study has included exercise in such a program
[18,36]. Thus, future research should examine the effectiveness
of long-term programs that combine a low-energy density diet
with exercise.

The present research study is limited by the length of the study.
It is likely that that the subjects in the LDE group adhered better
to the program because they consumed a greater amount of food
and felt less hungry. Thus, it is likely that these subjects would
have lost more weight if the study was conducted over a longer
period [37]. In addition, from a practical point of view, future
research should examine the effects of programs combining a
low-energy density diet with exercise by using a wider range
of subject groups.

Overall, the results suggest that a strategy combining a low-
energy density diet with exercise for weight loss is more effective
for slightly overweight young females. Both the LDE and HDE
groups showed a similar pattern of weight loss, but those in the
LDE group felt less hunger than those in the HDE group. Because
both a low-energy density diet and exercise have been found
to be effective for controlling and maintaining body weight, diet
strategies that combine a low-energy density diet with a
moderate-intensity exercise program may be effective for weight
management. In addition, such a strategy may encourage
individuals to participate in the weight management program
longer because it can reduce the sensation of hunger.
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