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Abstract

Objective Obesity is characterized, among other features,
by overeating, reduced physical activity and an abnormal
accumulation of body fat. These features are thought to
result, at least in part, from the individual’s inability to
self-regulate their eating and physical activity behaviors
(E&PaB). Self-regulation of the E&PaB is a three-step
sequential process: self-observation, self-evaluation and
self-reaction. However, it is yet unclear whether deficient
self-regulation of E&PaB could predispose, facilitate and/
or consolidate obesity. Unraveling this issue is fundamental
in order to more precisely define the role of self-regulation
of E&PaB in the management of obesity.
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Methods This research was focused on the question of
whether or not self-regulation of E&PaB is related to
obesity in female undergraduate students. This population
segment seems especially vulnerable to developing obesity
since they undergo a significant shift of their E&PaB upon
their university enrollment. To address this question, a
cross-sectional study with 108 female undergraduate stu-
dents with normal weight (n = 80) or obesity (n = 28) was
performed, in which self-regulation of eating habits and
physical activity was measured by two validated scales and
a personal data questionnaire.

Results Female undergraduate students displaying lower
E&PaB self-reactions were consistently overweight or
obese. In addition, a multivariate analysis identified high
levels of self-reaction towards eating habits related to a
minor presence of overweight issues or obesity.
Conclusion Self-regulation should be an essential compo-
nent in the strategies for obesity prevention as an integral
approach that must include orientation about healthy eating
and physical activity behaviors. In addition, further studies
on the effect of self-regulation in the treatment of the
obesity are needed.

Keywords Weight control - Adolescent women - Self-
regulation - Eating behavior - Physical activity behavior

Introduction

Obesity is a non-transmissible disease characterized,
among other features, by overeating, low levels of physical
activity and supra-normal body fat storage [1]. Obesity is
often related to other non-transmissible diseases (i.e., type
2 diabetes, cardiovascular disease, dyslipidemia,
osteoarthritis, hypertension, stroke, and some cancers),
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which are lead causes of mortality among the population
[2-5].

Obesity is difficult to address because of its multifac-
torial origins. However, it has been shown that both
physical activity and eating behaviors play a substantial
role in subjects becoming overweight and developing
obesity [6-8] and that these are the most modifiable factors
[7]. There are several models and theories that have been
used to change behaviors; however those, which include
the reasoned action approach, have been the most com-
monly used [9].

In this regard, self-regulation has gained greater
importance in the processes of behavioral change in recent
years. Especially since the identification of adequate levels
of self-regulation predicts the long-term success of reach-
ing the plans [10], particularly on those interventions of
healthy eating and physical activity [11].

Several studies have shown that obese patients display
difficulties in self-regulating their eating and physical
activity behaviors (E&PaB) [12, 13]. In fact, according to
Fagundo et al., overeating is a sign of disparity among
circuits related to motivation and behaviors (involving
reward) and those implicated in inhibition response, such
as reward-saliency, motivation-drive, learning-condition-
ing and inhibitory control-emotional regulation-executive
function [14]. This is why it is believed that impaired
E&PaB self-regulation is at the core of the etiology of
obesity and that training of E&PaB must be at the center of
obesity prevention and/or treatment measures.

Self-regulation makes reference to internal processes
that occur in the subject, either in an automatized or
deliberate way [15]. These processes are focused on the
behavioral management through time and in dynamic
contexts for the achievement of goals [15]. As a process,
self-regulation occurs through the implementation of three
interdependent sub-functions: self-observation, self-evalu-
ation and self-reaction. The starting point is the self-ob-
servation of behaviors, the social and cognitive conditions
where these behaviors exist, and the subject’s self-efficacy
perception [16]. The next step consists of a self-evaluation
that the subject must make of his/her behaviors and their
measure against the established goals and ideal standards
[16]. Finally, through self-reaction, motivational strategies
are applied in order to achieve the objectives [17].

Most of the evidence of the process of weight self-reg-
ulation comes from weight loss interventions, meaning that
it comes from studies that implement a treatment in an
overweight or obese sample [11]. Only recently did our
research group observe that low levels of self-evaluation of
physical activity were associated with excess weight in
indigenous college women [18]. Thus, there is no solid
evidence that a self-regulatory condition developed by the
subject (without training) could explain weight gain or an
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unhealthy life style. Moreover, it is important to study the
association of self-regulation and obesity since there is
evidence that identifies some phenotypic features in obese
people (i.e., recurrent overeating episodes, commonly of
highly palatable food in relation to negative emotions and/
or dietary restriction) which can be the consequence of an
addiction to food and to an alteration on the inhibitory
control emotional regulation-executive function circuit
[14]. Additionally, since women show higher rates of
obesity compared to men [19], and disordered eating
associated with obesity is also especially prevalent in
women [20], it would be interesting to study E&PaB self-
regulation in women.

In Mexico, the prevalence of obesity increased from
9.5% in 1988 to 32.4% in the year 2012 [21]. Interestingly,
throughout the population, adult women are the most
highly affected, since 73% of them are overweight or obese
[22]. This condition is preoccupying because obese preg-
nant mothers could epigenetically inherit a pro-obesogenic
phenotype to their children [23, 24], thus favoring the
propagation of this phenotype in the population, generation
after generation.

Having this background in mind, we researched whether
E&PaB self-regulation was already deficient by the time of
obesity diagnosis in female undergraduate students of the
Universidad Veracruzana (Mexico). This population seg-
ment is especially vulnerable to developing or consolidat-
ing obesity since they undergo significant shifts of their
E&PaB upon their university enrollment [25]. In addition,
students entering college are still exploring their identity,
reaffirming their self-image and assessing their social role
[26], conditions that make them prone to develop psy-
chological states that predispose them to cultivate either
pro- or anti-obesogenic E&PaB.

Therefore, the purpose of this study is to determine
whether self-regulation of E&PaB could be associated with
obesity in female college students.

Materials and methods
Study design and sample

A quantitative cross-sectional study was performed. The
size of the sample was estimated considering a statistical
power of 80%, with a confidence level of 95% and a cor-
relation coefficient to detect 0.29 between BMI and self-
regulation, based on the results of a previous research [27].
Initially, 143 women were included. According to their
nutritional status they were classified as underweight (9),
normal weight (80), overweight (26) and obese (28). To
avoid biased results, students with underweight and over-
weight status were discarded from the study, since students



Eat Weight Disord

with low weight have a pathological condition, whereas the
overweight group represented an intermediate stage
between normal weight and obesity that could bias the
associations. Our final sample was made up of 108 female
undergraduate students with normal weight (n = 80) or
obesity (n = 28).

All women were randomly recruited at the Nursing
School of the Universidad Veracruzana (Mexico) after
signing an informed consent. The rate of response was
92%. Women that were physically disabled, pregnant or
that did not attend either the interview, the physical
exploration and/or test sessions were excluded from the
study. The College of Researchers at the Institute of Public
Health of the Universidad Veracruzana reviewed and
approved the protocols used to gather the data.

Instruments
Assessing self-regulation of eating behaviors

Self-regulation of eating behaviors was estimated by using
the Escala de autorregulacion de hdbitos alimentarios (self-
regulation of eating habits scale) [28]. This instrument,
validated with Mexican college students, consists of 14
questions; each rated from 1 (never) to 5 (always) based
upon the Likert’s scale. Thus, the rating scale ranges from
14 to 70 points. There are four questions that evaluate self-
observation (¢ = 0.730), other four that explore self-evalu-
ation (¢ =0.719) and six that assess self-reaction
(o« = 0.864), explaining 46.9% of the variance. Under this
instrument’s design, the higher the scores for each parameter
the better the self-regulation levels. The statistical confi-
dence of the whole test was high (o« = 0.874) [28].

Assessing self-regulation of physical activity behaviors

Self-regulation of physical activity behaviors was esti-
mated by using the Escala de autorregulacion de la
actividad fisica (Physical activity self-regulation scale)
[29]. This instrument, also validated with Mexican college
students, consists of 12 questions; each rated from 1
(never) to 5 (always) based upon the Likert’s scale. Thus,
the rating scale ranges from 12 to 60 points. Five questions
evaluate self-observation (o = 0.744), two questions
explore self-evaluation (¢ = 0.686) and five questions
assess self-reaction (o = 0.824), explaining 49.4% of
the variance. The statistical confidence of the whole test
was high (¢« = 0.846) [29].

Gathering personal data, anthropometry and body indexes

Personal information was collected through the use of a
general data sheet. This data set included information on

age, physical activity and one question in which the sub-
jects answered whether they followed a nutritional plan or
not; nevertheless the characteristics of the plans or eating
practices were not asked. Body measurement data were
collected using standardized examination procedures and
calibrated equipment [30]. Anthropometric measurements
including weight, height, waist and hip circumference were
used to calculate body mass index (BMI) (calculated as
weight in kilograms divided by height in meters squared)
and waist-to-hip ratio (WHR) (calculated by dividing the
waist circumference to the hip circumference).

Body mass index was used to diagnose obesity. Normal
weight was considered when BMI values ranged between
18.5 and 24.9 kg/m?>. Obesity was diagnosed when BMI
values were equal or greater than 30.0 kg/m? [31]. Fur-
thermore, obesity was determined in women of low height
(height under 1.5 m) when BMI was equal to or greater
than 25.0 kg/m?, according to the setting for the Mexican
population [32].

Data analysis

Collected data were analyzed under the platform of the
Statistical Package for the Social Sciences version 15
(SPSS for Windows, Version 15.0. Chicago).

Normality of data distribution was analyzed using the
Kolmogorov—Smirnov test. The variables with normal
distribution were WHR, self-regulation, self-observation
and self-evaluation of eating behaviors and self-regulation,
self-observation and self-reaction of physical activity
behaviors. The mean for these variables were presented
alongside the standard deviation, and values were com-
pared using ¢ tests for two-group comparisons.

The variables with a non-normal distribution were BMI,
age, waist circumference, self-reaction of eating behaviors
and self-evaluation of physical activity behaviors. The
median for this set of variables was presented alongside the
interquartile range and values were compared using Mann—
Whitney U tests.

Along with the above, women’s responses about their
physical activity and nutritional plans were compared using
Chi-square.

The association between variables was studied using
Spearman’s correlation. Subsequently, the results were
plotted with Applied Graph and Network Analysis (Agna)
software. Agna is a validated platform-independent
application designed for social network analysis,
sociometry and sequential analysis [33]. Finally, taking
into consideration that it is possible to use a prevalence
odds ratio as a measure of the effect size [34], a logistic
regression model was used to identify elements (inde-
pendent variables) that may be associated to obesity
(dependent variable).
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Results
Self-regulation in obese and normal weight students

Waist circumference and WHR were consistently lower in
normal weight students than in obese ones. Both groups had
high cardiovascular risk, but in women with obesity the risk
was higher, while women with normal weight followed an
eating plan more often (Table 1). These results support that
obese women sampled are a good representation of this group.

Students with obesity showed significantly lower global
scores of self-regulation of eating behavior. Accordingly,
the dimensional scores for self-reaction of eating behavior
were significantly higher in normal weight students than in
obese women (Table 2).

Self-regulation and anthropometric variables
in normal weight and obese students

Positive correlations were found among BMI, WHR, WC
and age, and between self-evaluation of eating behavior
and BMI. Self-reaction of eating behavior was negatively
correlated with WC. All dimensions of self- regulation of
E&PaB were positively correlated (Table 3).

In addition, we conducted a network analysis to estab-
lish which variables interact more heavily among the
women sampled. It is interesting to note that both self-
regulation of eating and physical activity behaviors as a
whole were the most connected variables of the network,
while the anthropometric measures were the less connected
ones. Also, with respect to the sub-scales of self-regulation,
the connectivity resides in self-observation and self-reac-
tion, and not in self-evaluation; however, the only self-
regulation variable that significantly correlates with BMI
was self-evaluation of eating behavior (Fig. 1).

Finally, regression logistic analyses showed that age,
self-evaluation and self-reaction of eating behaviors have a

significant association with obesity, in which age and self-
evaluation seems to increase the probability to develop
obesity, whereas self-reaction of eating behaviors dimin-
ishes it (Table 4).

Discussion

Overweight and obese populations have reached epidemic
proportions worldwide [21] and regionally in México [22].
Nowadays both conditions affect all age groups throughout
the population but are especially high in women. It is
imperative to develop measures in order to deal with
overweight issues/obesity since early ages. Among the
female population sampled, 26% were found to be obese.
This contrasts with the 12% estimate reported for Mexican
teenagers [22]. Although this difference could be attributed
to misrepresentation of the sample, it might also reflect
regional differences of the distribution of obesity across the
country. Also, in our sample, a higher than normal obesity
rate could be explained by the low levels of physical
activity that were reported by the students, since only 22%
of them met the World Health Organization (WHO) rec-
ommendations for this population age of conducting
moderate aerobic physical activity for over 150 min of per
week [35]. On the other hand, only around a third of the
students reported that they followed a nutritional plan;
moreover, this number was smaller among those with
obesity.

Almost all obese and half of the undergraduate female
students having normal weight showed high cardiovascular
risk, even though many of the latter students were self-
regulating their E&PaB. This observation suggests, on one
hand, that “rudimentary” self-regulation might not be
enough to avoid fat accumulation in the abdominal area in
individuals with normal weight, a sign that entails higher
health risks [36]. On the other hand, body weight is not

Table 1 Sample description Variables

Obesity (n = 28) Normal weight (n = 80) p

Age, median, IQR (years)*

Waist circumference, median, IQR (cm)?*

Waist-to-hip ratio, mean, SD
Cardiovascular risk, percentage®

Following an nutrition plan, percentage®

Physical activity, percentage®

20.0 (18.0-24.0) 20.0 (18.0-21.8) 0.60
98.4 (91.3-104.8) 74.0 (70.0-76.2) <0.001%*
0.89 (£0.06) 0.85 (£0.05) <0.01*
78.6% 51.3% 0.01*
14.3% 41.3% 0.01*
17.9% 23.8% 0.52

IOR interquartile range, SD standard deviations

* Determined using Mann-Whitney U test

® Determined using Student’s 7 test

¢ Determined using Chi-square

* p < 0.05 indicate statistical significance
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Table 2 Comparisons among
self-regulation variables in
students with obesity and
normal weight

Variables Obesity (n = 28) Normal weight (n = 80) P
Self-regulation of EB, mean, SD® 40.0 +8.9 44.1 +9.1 0.04%*
Self-observation of EB, mean, SDP 154 +2.3 16.3 +2.9 0.11
Self-evaluation of EB, mean, SD° 11.0 +3.6 10.7 +3.0 0.68
Self-reaction of EB, median, IQR* 13.0 12.0-17.5 16.5 13.0-21.0 <0.01*
Self-regulation of PAB, mean, SD" 384 483 41.3 +8.6 0.13
Self-observation of PAB, mean, SD” 18.2 +4.2 19.1 +4.2 0.35
Self-evaluation of PAB, median, IQR* 8.0 6.0-9.0 8.0 7.0-10.0 0.05
Self-reaction of PAB, mean, SD” 12.7 +4.3 13.8 +4.3 0.23

EH eating behavior, PAH physical activity behavior, /QR interquartile range, SD standard deviations

* p < 0.05 indicate statistical significance

* Determined using Mann-Whitney U test

® Determined using Student’s 7 test

Table 3 Correlations among anthropometric and self-regulation variables in nursing students (n = 108)

Variables 1 2 3 4 5 6 7 8 9 10 11
Body mass index

Waist-to-hip ratio 0.28%%*

Waist circumference 0.86%* 0.48**

Age 0.22% —0.10 0.24%*

Self-regulation of EB —0.05 —0.15 —0.12 —0.04

Self-observation of EB —0.15 —0.05 —0.16 —0.00 0.70%*

Self-evaluation of EB 0.24%* —0.05 0.17 —0.08 0.72%¥*  (0.33%*

Self-reaction of EB —0.16 —0.23* —0.24* —0.05 0.89%*  0.45%*%  (0.49%*

Self-regulation of PAB —0.04 —0.11 —0.10 —0.04  0.69%*  0.54%*%  043%*  (.62%*

Self-observation of PAB ~ —0.05 —0.10 —0.12 —0.05 0.60*%* 0.53**  0.40%* 0.48*%* (.87**

Self-evaluation of PAB —0.14 —0.01 —0.11 0.07 0.41%F  0.59%%  0.20* 0.27#*%  0.51%*  (0.38**
Self-reaction of PAB 0.03 —0.11 —0.02 —0.04 0.64%* 033%*% 042% 0.67** 0.86%* 0.59%*%  (.25%*

EB eating behavior, PAB physical activity behavior
*p <0.05, ¥ p <0.01

necessarily a good index to infer the tendencies of an
individual to accumulate abdominal fat. Therefore, pro-
grams aimed at improving E&PaB must focus not only on
overweight/obese people, but also on subjects with normal
weight. This might be particularly important if one wishes
to prevent young adults from developing obesity later in
life.

Obesity features overeating, low levels of physical
activity and supra-normal body fat storage. Obese patients
also display a deficient self-regulation of E&PaB. A
method that has been shown to be effective to help control
weight gain or obesity is to self-regulate E&PaB [13, 20]. It
is yet unclear whether this behavioral deficit appears before
or after obesity onset. In this research we report evidence
that supports the hypothesis that behavioral deficit is more
significantly detected in the obese subjects of the sample.
Even though our results cannot precisely establish whether
deficient E&PaB occurs before the onset of obesity, we

believe the data reported supports the premise that deficient
self-regulation may be a factor that promotes the installa-
tion of a flourished obesity phenotype. As previously
reported, obese subjects have poor executive function
performance with some relevant characteristics, such as
impulsivity and reduced decision-making abilities, result-
ing in inadequate self-control [14].

Thus, training of E&PaB self-regulation could be used
not only as a treatment method but also to prevent the
development of weight gain/obesity at least in young adult
individuals since a significant fraction of students with
normal weight reported to regulate their E&PaB. In support
of this possibility, previous studies have shown that train-
ing E&PaB self-regulation improves the effectiveness of
obesity treatments [37, 38]. Annesi et al. conducted a
randomized controlled trial where they randomly assigned
subjects to a 6-month physical activity support treatment
alongside with some method for weight loss: nutrition
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Fig. 1 Networks of association among the anthropometric and self-
regulation variables on nursing students. a Significant Spearman
correlations were introduced in the Agna software to build the
network of associations. BMI body mass index, WHR waist-to-hip
ratio, WC waist circumference, SE self-regulation of eating behaviors,
SOE self-observation of eating behaviors, SEE self-evaluation of
eating behaviors, SRE self-reaction of eating behaviors, SP self-
regulation of physical activity behaviors, SOP self-observation of

physical activity behaviors, SEP self-evaluation of physical activity
behaviors, SRP self-reaction of physical activity behaviors. b The
connection intensity (/) between variables (nodes) of the network was
calculated according to the number (N) of significant correlations
(p < 0.05) and the average magnitude (M) of the correlations,
I = N x M. The nodes were ordered by their intensity ranking order

®

Table 4 Associated factors to

obesity (1 = 108) Variables Crude model Adjusted model
OR CI 95% P OR CI 95% )4

Age (years) 1.2 (1.04-1.37) 0.01 1.2 (1.03-1.33) 0.01%*
Self-observation of EB 1.0 (0.79-1.31) 0.89 - - 0.67
Self-evaluation of EB 1.3 (1.08-1.64) <0.01 1.3 (1.08-1.61) <0.01*
Self-reaction of EB 0.7 (0.60-0.88) 0.001 0.8 (0.69-0.90) <0.001%*
Self-observation of PAB 1.0 (0.88-1.20) 0.71 - - 0.50
Self-evaluation of PAB 0.8 (0.59-1.16) 0.27 - - 0.35
Self-reaction of PAB 1.1 (0.94-1.38) 0.18 - - 0.15

ORs calculated by logistic regression. Those variables adjusting the ORs are not shown

EB eating behavior, PAB physical activity behavior, OR odds ratio, CI confidence interval

* p < 0.05 indicate statistical significance

education (n = 83) or cognitive-behavioral nutrition
(n = 82). There was significantly greater weight loss in the
behavioral nutrition group when contrasted with the
nutrition education group. Self-regulation for eating was a
significant predictor of weight loss over both 3 and
6 months [38].

An intriguing aspect of our results is that not all
dimensions of self-regulation were found to be altered in
obese women. Indeed, whereas self-observation and self-
evaluation were similar between normal weight and obese
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women, scores for self-reaction of eating behavior were
significantly lower in obese ones. Since the identification of
the self-reaction of eating behavior as an associative factor
for obesity includes motivational strategies in order to
achieve its goals and the implementation and monitoring of
feeding plans [28]; according to these results, the ability to
initiate and maintain feeding plans is key to deal obesity.
Although previous studies had indicated the predictive
capacity of self-regulation of E&PaB in the reduction of
weight [13] and the predictive capacity of self-regulation of
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physical activity in an overweight sample [18], the dis-
covery of this specific dimension of self-regulation asso-
ciated to obesity, makes it a key issue that must be
developed in a subject and that must be considered in the
design of health programs. It also provides information on
gaps in knowledge that lead to the inadequate self-assess-
ment of their behaviors.

It is interesting to note that self-evaluation of eating
behavior, in contrast to self-reaction, increase the proba-
bility of becoming obese. Self-evaluation of eating
behavior refers to the comparison between the current
eating and the way the subject ate before, the ideal stan-
dards of quality and quantity of the food, the food that
others take and the effects of the food consumption on the
body [28]. This fact could be explained if obese women
used unhealthy reference standards (a circumstance that
underpins the need for interventions to strengthen their
capacities) and/or if they had deficient cognitive abilities
affecting the evaluation process [39, 40]. Moreover, in
spite of the evidence about the positive effects of the mass
media to reduce the prevalence of overweight and obese
people [41], the social networks and the massive means of
communication can be also harmful, since they could
promote extremely critical and rigid standards of self-
evaluation [42, 43]. For example, there is evidence that
young women judge their appearance as worse after an
online comparison of their physical appearance [42]. In
addition, it has been shown that media broadcasting has a
negative influence in the emotions of young women, which
in turn changes their internalized standards of the ideal
body [43] and their perception of self-evaluation of eating
behavior. Thus, as can be seen, the dimension of self-
evaluation is affected by several factors and could also be a
risk condition for obesity.

Another element that was not considered in the present
study is the possible confounding effect that anxiety and
depression could have on the association found between
self-regulation and obesity. The evidence has showed that
anxiety and depression lead to an overestimation of threats
and harms, as well as negative evaluations of oneself [44].
In addition, anxiety and depression have also been asso-
ciated with a major body mass index [45]. Therefore, it is
necessary to study the effect of these factors in order to
know their association to the relationship that was found
between obesity and self-regulation.

Even though this observation seems to undermine the
use of self-regulatory processes to deal with obesity, we
think it may be explained by the fact that none of the
students have received formal training in self-regulation.
Taking this argument into account, we think our observa-
tions suggest that even a “rudimentary” self-regulation
process with adequate knowledge of food, could help
individuals reduce the possibility of developing obesity at

least when young adult ages are attained. Future studies
must then assess the impact that formal training on self-
regulatory process has on obesity prevention. In carrying
out such assessments one may want to provide formal
instruction on nutrition and physical activity, since in our
sample, some obese female undergraduate students referred
to keep track of what they eat. In addition, as has been
referred by Pich et al., the self-regulation process should be
related to an ideal body image, since the concern with body
image may represent the incentive to a more balanced food
intake and regular physical activity [46].

The main limitation of the study is its cross-sectional
design that does not establish causality of its associations.
Thus, it is necessary to confirm if self-regulation precedes
obesity with a longitudinal study. In addition, both the
design and the random selection of the sample, in which we
do not discriminate among the presence of the event or
exposure to it, resulted in groups of sizes different than as
they appear in real life, this situation can be also corrected
by a longitudinal study.

Conclusions

Since students with obesity showed significantly inferior
values of self-regulation, and the high levels of self-reac-
tion were associated with an adequate nutritional state,
self-regulation should be an essential component in the
strategies for obesity prevention as an integral approach
that must include orientation about healthy eating and
physical activity behaviors. In addition, further studies on
the effect of self-regulation in the treatment of the obesity
are needed.
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