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ABSTRACT
The organoleptic characteristics of sucrose encourage its consumption in excessive amounts that result in increa-
sed body weight and possible involvement of other health indicators. In contrast, physical activity reduces body 
weight and promotes health and well-being, however the question remains as to what type of physical activity 
is the most effective to achieve those goals. The objective of the current study was to compare the effect of vo-
luntary (VA) vs forced physical activity (FA) on body weight in organisms that consume sucrose daily. Twenty, 
three-month-old Wistar female rats were assigned either VA or FA; both groups were exposed to beverages with 
8% sucrose concentration. The results showed that consuming sucrose daily increased body weight, despite 
being an active organism. However, this increase was by 11% in the VA group and 8.4% among the FA group. 
Therefore, although neither type of physical activity proposed in this study was effective to reduce body weight, 
FA influenced body weight gain less. Another interesting result was that VA registered a greater effect by redu-
cing the consumption of sucrose. In conclusion, performing physical activity delays, but does not reverse, body 
weight gain from sucrose consumption.
Keywords: Body weight gain; Feeding behavior; Physical activity; Sucrose consumption. 
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INTRODUCTION
From an evolutionary perspective, organisms are designed 

to move and stay alive, on the contrary, not moving produces 
changes that impair adaptation and chances of survival1. 
According to the World Health Organization (WHO), physical 
inactivity is one of the main risk factors in global mortality. In 
2016 it was calculated that approximately 6% of the deaths 
registered worldwide were caused by this factor. In addition, 
it was indicated as the main cause of 21% to 25% of breast 
and colon cancers, 27% of diabetes and 30% of ischemic 
heart disease cases2,3.

The non-performance of physical activity favors the 
accumulation of energy in the body, with no alternative 
route of expenditure to generate energy regulation between 
intake and expenditure, which is why a sedentary lifestyle is 
considered harmful for health4,5,6. Another factor that in a high 
percentage accompanies physical inactivity and contributes 
to the deterioration of health is related to food, specifically 
with excessive consumption of caloric sweeteners7,8.

In industrialized countries, it has been observed that one 
of the main factors associated with increases in epidemics, 
such as obesity and type 2 diabetes mellitus is sweetened 
food and beverage intake, since it produces overfeeding and 
continuous body weight gain. In addition, it has been linked 
to other conditions such as cavities, arthritis, spinal cord 
damage, herniated discs, metabolic diseases, kidney stones, 
gout, constipation, pancreatitis, and increased metabolic 
complications, such as hyperinsulinemia, hyperglycemia, 
hypertension, and insulin resistance. On this basis, the 
relationship between caloric sweeteners intake and health 
deterioration has been established7,8,9.

Sweet flavors have a privileged place in the sense of taste 
and the consumption behaviors (i.e., eating and drinking) 
of mammals. Humans are particularly exposed to various 
dietary modifications from gestation to death, in which early 
exposure to sweetened foods and beverages has become 
usual. Calories from sugary foods and beverages have little 
nutritional value, despite their high caloric density, so constant 
intake in amounts greater than nutritional requirements its 

being linked with disease development10,11.
In contrast, performing physical activity reduces body 

weight due to energy expenditure, as well as the consumption 
of palatable foods and beverages12. One of the most important 
beneficial effects of performing physical activity is the energy 
balance through different metabolic processes12,13,14.

When faced with sweetened foods and beverages, 
performing voluntary physical activity has been effective 
in reducing caloric intake from a sucrose solution at 
24% concentration and reducing body weight gained by 
consuming them15. However, it would be interesting to 
identify, what happens when the available sugar drink has 
a lower concentration and physical activity is forced. That 
is, the organism runs the amount induced by the researcher 
and not the one that was possibly carried out as a self-
regulation strategy. Although this effect is not present in all 
organisms, it has been identified that those in which physical 
activity does not reduce body weight, a protective effect is 
generated. That is, when comparing the body weight gain 
of sedentary and active subjects who consume sweeteners, 
a lower increase in body weight is observed in those who 
perform physical activity15,16.

The beneficial effect of physical activity on body weight 
control is greater when the speed at which it is performed is 
increased. It has been observed that the so-called negative 
energy balance increases depending on how physical activity 
is carried out, it is precisely this (i.e., modifying variables such 
as speed and intensity) that could be a functional strategy 
for body weight loss17,18.

As it is possible to identify in the evidence referred 
previously, in humans and murine models, regular physical 
activity is beneficial for health. However, there are various 
conditions in which the results of performing this behavior 
favor the body to a greater extent. For example, when physical 
activity is carried out in a controlled way and breathing is 
adequate, the body experiences a feeling of well-being. 
Likewise, when carried out in an induced manner, oxidative 
levels are kept constant, while when it is done voluntarily, 
behavioral, and physiological responses are presented 

RESUMEN
Las características organolépticas de la sacarosa incentivan su consumo en cantidades excesivas que tienen como resultado 
el incremento del peso corporal y la posible afectación de otros indicadores de salud. En contraparte, la realización de acti-
vidad física reduce el peso corporal y favorece la salud y bienestar, pero ¿cuál es la manera más efectiva de realizar actividad 
física para lograr esos objetivos? Se planteó como objetivo comparar el efecto de la actividad física voluntaria (AV) contra el 
de la actividad física forzada (AF) sobre el peso corporal en organismos que consumen diariamente sacarosa. Se utilizaron 
veinte ratas hembras de la cepa Wistar de tres meses de edad, agrupadas en: (1) actividad voluntaria; (2) actividad forza-
da. Ambos expuestos a una bebida al 8% de concentración de sacarosa. Los resultados mostraron que consumir sacarosa 
diariamente incrementa el peso corporal, a pesar de ser un organismo activo. Sin embargo, este aumento fue en un 11% en 
AV y del 8.4% en AF. Por lo que, si bien ningún tipo de actividad física propuesto en este estudio fue efectivo para reducir 
el peso corporal, realizar actividad física de forma forzada influye en que la ganancia de el peso corporal sea menor. Otro 
resultado de interés, fue que realizar actividad física voluntaria registró un mayor efecto al reducir el consumo de sacarosa. 
En conclusión, realizar actividad fisica retrasa, pero no revierte la ganancia de peso corporal ante el consumo de sacarosa.
Palabras clave: Actividad física; Comportamiento alimentario; Consumo de sacarosa; Ganancia de peso corporal.
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irregularly. Determining these conditions was one of the 
reasons that prompted interest in evaluating the effect of 
induced activity in animal models. This study starts with 
the question: Is it more effective to perform voluntary or 
forced physical activity as a strategy to control body weight 
gain when consuming sweeteners? To achieve a plausible 
answer to such question, the aim was to compare the effect 
of voluntary physical activity against forced physical activity 
on body weight in organisms that consume sucrose daily.

Finally, it is pertinent to emphasize that from the perspective 
of this study, voluntary physical activity is called that which 
the subject performs without manipulation in an established 
period, while in forced physical activity the researcher uses 
instruments to program the intensity and duration under which 
physical activity will be performed19,20,21. Also, it is important 
to consider that, although in human beings the concepts of 
physical activity and exercise are used to describe different 
conditions that an organism performs, in murine models 
the concept of physical activity is used indiscriminately to 
describe the same phenomenon22,23,24.

MATERIALS AND METHODS
Subjects

Twenty, three-month-old female rats of the Wistar 
strain were used at the beginning of the study, which were 
reared and gestated in the Animal Facility of the Instituto de 
Investigaciones en Comportamiento Alimentario y Nutrición 
(IICAN), South University Center, University of Guadalajara.

Apparatus and materials
External activity wheels from the Lafayette Instrument® 

trademark were used. Additionally, in the forced activity 
group, each wheel had a rotating motor placed at the top, 
which was controlled by an Activity Wheel Monitor® software.

A standard rodent pellet diet was used from the commercial 
brand Purina Rodent Laboratory Chow 5001 with the following 
nutritional formula: moisture 12.0 % max., fat 3% min., Ash 
7% max., calcium 1.0% min., protein 23 % min, fiber 6% 
max, ELN 49% w diff and phosphorus 0.600% min. A portion 
(100 g) of standard food provides 466 kcal. Bottled water 
and 240 ml of a sucrose solution at 8% concentration were 
given as drinks, using standard sugar mamá coneja®, with a 
caloric intake of 32 kcal per 100 ml consumed.

Experimental protocol
An experimental AB protocol was used, in which the 

subjects are their own controls, comparing the data intra 
and intergroup. Therefore, under this design, the inclusion 
of an extra control group is considered unnecessary. The 
experimental animals were divided into two groups: forced 
physical activity and voluntary physical activity, each composed 
of 10 subjects. The study lasted 60 days, divided into two 
phases of 30 days each: (1) sedentary lifestyle and standard 
diet; (2) physical activity (p1), standard diet, and sucrose 
drink (p2). Throughout the study, standard water and food 
were available ad libitum, in phase 2 the subjects had access 

to 240 ml of a sucrose drink at 8 % concentration. Subjects 
were exposed to 12/12 h light-dark cycles. Physical activity 
was carried out daily during the dark period. Body weight, 
food and drink consumption were recorded daily.

Physical activity protocol
All subjects performed 30 minutes of physical activity 

daily during the dark period. For the VA group, physical 
activity was performed voluntarily, while the FA group did 
it in a moderate forced way at a speed of 15 m/min.

Ethical considerations
Management of the subjects for this study was carried 

out under the criteria established in Official Mexican 
Standard NOM-062-ZOO-1999 technical specifications for 
the production, care and use of laboratory animals. It was 
also registered before the Ethics Committee of the Center 
for Studies and Research in Behavior of the CUCBA of the 
University of Guadalajara with the registration number 
CUCBA/CEIC/CE/006/2020.

Statistical analysis of the results
Statistical treatment of data was carried out using the IBM 

SPSS Statistics software from SPSS AN IBM Company® version 
26. Student t-test was applied to compare the within-subject 
means in the variables of body weight, food and caloric 
intake, and inter-subject for the analysis of the consumption 
of sucrose solution. Variables were expressed as mean ± SD 
with statistical significance of p<0.05.

RESULTS
Regarding the body weight variable, a statistically 

significant increase was identified in both groups from P1 
to P2, with p= 0.003 in the group of voluntary physical 
activity and p<0.001 in that of forced physical activity 
group. However, after physical activity, the body weight gain 
was 32.4 g in VA while the FA group was 22.7 g (Table 1).

Regarding the variable of caloric intake, data obtained 
is presented in Table 2. A trend towards an increase in total 
consumption was identified in both groups in phase 2. In 
voluntary activity it was identified that the highest caloric 
intake was from food and not the sweetened solution 
(46.5 ± 11.2 kcal vs 35.0 ± 11.6 kcal). In forced activity, an 
opposite effect was observed, registering an intake of 49.1 
± 9.5 kcal from the sweetened solution and 30.6 ± 9.5 kcal 
from the food. There was no statistical significance in the 
intergroup comparison.

On the other hand, changes in eating behavior were 
observed in both groups. Although there was no statistical 
significance, a trend towards a decrease in the consumption 
of standard food was identified when the sucrose drink was 
available. Regarding drinking behavior, the forced activity 
group presented higher consumption of sweetened solution 
compared to the voluntary activity group. Which, in turn, 
represents a higher consumption of sucrose (3.7 g higher). 
However, no statistical significance was observed (Figure 1).
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Activity Group Phase 1 Phase 2 p Weight gain

Voluntary (n= 10) 262±16 g 295±16 g 0.003* 32.4 g (10.9%)

Forced (n= 10) 248±21 g 271±27 g 0.000* 22.6 g (8.4%)

Note. Values expressed as means ± SD with statistical significance from p<0,05 by Student t test. Intragroup comparison. Weight gain 
from difference P2-P1.

Table 1. Body weight.

Caloric intake (kcal) P1 P2 p
 Food Food Solution Total

Voluntary (n= 10) 76.7±6.2 46.5±11.2 34.9±11.5 81.5±17.1 0.792

Forced (n= 10) 69.3±3.8 30.6±9.5 49.1±9.5 79.7±7.1 0.697

Table 2. Caloric intake.

Note. Values expressed as means ± SD with statistical significance from p<0.05 by Student t test from the intragroup comparison of the 

total intake.

Figure 1: Eating behavior. Values 
expressed as means ± SD with p <0.05 
for statistical significance from Student 
t test. Intragroup comparison in 1A and 
intergroup comparison in 1B and 1C. 
In 1A, the black bars represent the 
data obtained from phase 1. Gray bars 
represent the data from phase 2. VA= 
Voluntary activity FA= Forced activity.
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DISCUSSION
For the body to function properly, it requires collaborative 

work between various biological functions and behavior. 
Particularly, from the perspective of eating behavior studies, 
it is essential that subjects behave in the environment in order 
to stay alive, performing behaviors that allow adjustment 
and adaptation to various environmental and physiological 
changes25,26,27,28.

Considering the homeostatic theory29, which provides 
the basis for behavioral regulation theory26, the present 
investigation proposed to evaluate the scope of behavior as a 
means to regulate physiological function and behavior itself, 
under two particularities: the first related to the intake of a 
sweetened drink and the second related to accommodation 
conditions that allow the performance of moderate physical 
activity, in order to establish the conditions by which the 
subjects have excessive intake of sugar-added beverages 
in a controlled environment, the response of which is 
associated with the development and maintenance of 
chronic degenerative non-communicable diseases, and the 
conditions of access to a activity wheel, as an alternative to 
counteract the effects on body weight gain30,31.

In general, the simple fact of carrying out physical activity 
has behavioral, metabolic, and physiological consequences 
in the body, however, how they are presented will depend 
on the type of physical activity carried out, when and how 
(i.e., duration, speed, and intensity, among others)32,33,34,35,36. 
Body weight and fat mass reduction is highlighted as some of 
the main results of starting a physical activity program37,38,39. 
In particular, in organisms exposed to a palatable diet, 
decreases in the consumption of this type of diet has also 
been observed when physical activity is performed12,13,14,40.

The results of this study coincide with those obtained by 
various authors, in which the effect of performing physical 
activity on the running wheel on the reduction in food intake 
has been reported, both in a standard diet5,30,35, when the 
diet is rich in fat35 and when it is rich in carbohydrates, 
particularly sugar12,13,14,40; as well as the effect of consuming 
sweetened foods and beverages as a reducer of standard 
food intake36,37. 

On the other hand, consuming palatable foods and 
beverages, such as those added with sucrose, results in 
an increase in body weight and thus an increase in the 
probability of developing chronic degenerative diseases39,40. 
Due to this, various strategies have been proposed to reduce 
its consumption.

Although, it has been shown that physical activity leads 
to a decrease in the consumption of this type of food and 
drinks, together with its reducing effect on body weight, 
the present study proposed to demonstrate what type of 
physical activity (voluntary or forced) is more effective to 
generate such an effect in subjects who consume a sucrose 
drink daily.

From the results obtained, it is confirmed that consuming 
sucrose daily significantly increases body weight. However, 
this increase is less when forced physical activity is 

carried out. In this sense, forced physical activity could 
be an effective strategy to control weight gain despite not 
modifying the diet, however, it is necessary to consider that 
the amount of physical activity performed determines its 
effect. This is, it is important to consider that there was no 
body weight reducing effect, only less weight gain. Given 
this, it is important to highlight that feeding is essential in 
weight control processes12,13,14,35.

Another interesting result was the effect of physical 
activity on sucrose drink intake. It was identified that subjects 
on the voluntary physical activity program registered lower 
consumption, compared to those on the forced physical 
activity one. However, the total caloric intake was higher in 
the voluntary activity group. This is attributed to the energy 
needs produced by both types of physical activity and the 
sucrose metabolization time, that is, a rapidly absorbed 
calorie40. Forced physical activity produces a constant energy 
expenditure, so it is likely that it requires a nutrient that will 
supply energy almost immediately upon completion27,29,30 in 
comparison with voluntary physical activity, which, being 
episodic, generates another type of expense, in which the 
main source of energy was standard food12,13,14. Therefore, the 
energetic demands after completion are greater in subjects 
who executed a forced physical activity program. But this 
should be verified in another study, in which the consumption 
of the drink after physical activity is measured. Thus, even 
though caloric intake was received in large quantities from 
the sweetened drink in all groups, it is important to consider 
the differences in the total caloric consumption of each one 
in the different exposure conditions.

Based on the findings of Satvat et al.41 and the data 
obtained from the present study, it is concluded that the 
responses of the subjects regarding food consumption and 
what this represents in caloric intake depends on physical 
activity conditions they are exposed to and the concentration 
of the sweetened drink available.

Why an organism consumes a food or drink that generates 
harmful effects on its health is another topic of interest for 
eating behavior. For example, in this study it was identified 
that despite weight gain, the subjects continued to consume 
the drink. The unhealthy overeating responses of the body to 
sucrose-added foods and beverages can be explained from 
various perspectives. For example, adaptively, sweet taste 
has a fundamental role in the evolution of various species, 
since it represents a non-toxic energy supply that quickly 
satisfies energy demand, as well as being a stimulus that 
indicates that its intake will provide calories, energy, and 
satiety almost immediately after consumption, therefore, 
intake is constantly reinforced by the physiological and 
psychological consequences it generates. In addition, its 
hedonic properties act as positive reinforcers that incite 
intake response24,36,40.

CONCLUSION
The objective of the current study was to compare the 

effect of voluntary physical activity versus forced physical 
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activity on body weight in organisms that consume sucrose 
daily. The results showed that consuming sucrose daily 
increases body weight, despite being an active organism, 
but forced physical activity influenced body weight gain 
less. However, it is important to consider that to regulate 
and reduce body weight in amounts considered healthy, it is 
necessary to implement multidisciplinary strategies, promoting 
behavioral and metabolic changes, modifying the diet and 
performing physical activity on a regular basis. In this study, 
it was shown that physical activity influences the decrease 
in sucrose consumption, but not body weight gain. Future 
research could include dietary modification by restricting 
the amount of drink available or reducing the amount of 
added sucrose and, in addition to energy expenditure, 
promote caloric deficit. In addition, other physical activity 
protocols could be considered to corroborate its influence 
in reducing sucrose consumption or to obtain data from 
the manipulation of this variable, either by increasing the 
time or period of exposure.
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