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ARTICLE INFO ABSTRACT

Handling Editor: Jerrilyn Cambron Aim: The primary aim was to compare the body awareness (BA) level in adults with obesity and non-obese adults.
The secondary aim was to investigate the physical parameters associated with BA and compare them between
adults with obesity and non-obese adults.

Method: Thirty-two adults with obesity and age and sex-matched 32 non-obese adults were included in the study.
The outcome measures were the Body Awareness Questionnaire, International Physical Activity Questionnaire-

Short Form and Functional Reach Test to detect BA, physical activity (PA), and dynamic balance level, respec-

Keywords:
Obesity

Body awareness
Physical activity

Balance
Proprioception Flve%y. Reaction time was assessed by the Nelson Foot Reaction Test and knee and trunk position error by
Reaction inclinometer.

Results: There was no significant difference between the obese and non-obese group in terms of BA score (p =
0.18) and PA level (p = 0.50). Lower dynamic balance was observed in the obese group (p = 0.003). Only the
trunk position error was higher in the obese group in the measurement of joint position error (p = 0.010). There
were no significant differences in the right and left feet reaction times between the groups (p = 0.68 and p =
0.23). There were no relationships between BA score and PA level (p = 0.93), dynamic balance (p = 0.82), joint
position error (p = 0.14), and right (p = 0.33) and left (p = 0.25) reaction times.

Conclusion: There was no significant difference in body awareness between the non-obese and the obese group
and there was no association between body awareness and the physical parameters. However, adults with obesity
had impaired balance and proprioception compared to non-obese ones.

1. Introduction

Excessive weight and obesity are defined as abnormal or excessive fat
accumulation that can adversely affect health, posing a serious public
health problem (WHO, 2021). When the energy obtained from food
exceeds the energy expended, there is an increase in body fat tissue,
leading to obesity (Romieu et al., 2017). Obesity increases the risk of
developing cardiovascular and metabolic disorders such as atheroscle-
rosis, type II diabetes, and metabolic syndrome. It also contributes to
certain types of cancer, musculoskeletal problems, and various psy-
chosocial disorders (Burgess et al., 2017). In addition to these diseases
and syndromes, one of the issues which may be negatively affected by
obesity is body awareness (Mehling et al., 2009).

From a neuroscience perspective, body awareness refers to the
brain’s perception of the messages it receives from other parts of the
body and the external environment. These messages encompass both
corporal and extracorporeal awareness information. Over time, this in-
formation is integrated to form the body’s experiences. These knowledge
and experiences play a crucial role in an individual’s understanding,
interpretation, and social interactions with their own body and envi-
ronment (Berlucchi and Aglioti, 2010). Individuals with obesity often
experience changes in their perception of their bodies, experiencing a
disparity between their actual and perceived bodies. Neuroscience
suggests that one explanation for this lies in the challenges related to
integrating and processing sensory information. Additionally, alongside
the genetic, environmental, and psychological factors contributing to
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obesity, there is growing recognition of awareness deficits as concurrent
risk factors in its development and persistence. (Liné et al., 2022).

Research has revealed several key findings regarding body aware-
ness in adults with obesity. It has been found that women with obesity
had lower levels of mindful eating compared to those with normal
weight, suggesting a potential link between body awareness and weight
management. Similarly, the importance of dietary habit awareness in
obesity and weight control has been highlighted. Individuals with
obesity have been shown to demonstrate awareness of their condition
and its impact on their health, emphasising the role of self-perception in
obesity. Collectively, these studies underscore the significance of body
awareness in the context of obesity (Alasmari et al., 2017; Okop et al.,
2016). Additionally, it has been shown that body awareness changes
with sudden weight loss after bariatric surgery (Varli et al., 2022).

Over the years, there has been a change in individuals’ perception of
weight. It is stated that generally thin people define themselves as fatter
than they are. Individuals with obesity define themselves as thinner
without being aware of their weight which increases the risk of obesity
(Morotti et al., 2013). For individuals with obesity to be treated, they
must begin to recognize themselves as obese and to perceive their bodies
in a real and conscious way (Ata et al., 2014). Therefore, it is important
to examine how body awareness differs in individuals with obesity
compared to those without obesity. However, studies examining how
body awareness differs in adults with obesity and non-obese adults are
limited.

1.1. Rationale

Considering this information, evaluating the level of body awareness
and the parameters that may influence body awareness could be crucial
in managing obesity since the complex relationship between body
awareness and obesity, seeking to uncover important insights that could
improve obesity management strategies. By investigating the differences
between how individuals perceive their bodies and their actual physical
states, particularly among those struggling with obesity is crucial.

1.2. Aim of the study

The primary aim of this study is to compare the level of body
awareness in individuals with obesity and age and sex-matched non-
obese individuals. The secondary objective is to investigate the physical
parameters associated with body awareness and compare them between
adults with obesity and non-obese adults. This study holds significant
global importance as it addresses a pressing public health issue. With
obesity rates on the rise worldwide, understanding the intricate dy-
namics of body awareness in relation to obesity becomes paramount.

2. Method

This was a cross-sectional, controlled study, approved by a university
ethics committee and conducted in accordance with the Declaration of
Helsinki. The protocol of the study was registered on ClinicalTrials.gov
(NCT05974514).

2.1. Participants

Sixty-four adults who met the inclusion criteria were included in the
study. Participants were grouped as 32 adults with obesity [body mass
index (BMI) > 30 kg/mz], and 32 non-obese adults (BMI: 18.5-24.9 kg/
m?) who were age and sex-matched (control group) with the study
group.

The inclusion criteria consisted of adults with obesity aged 18-65
years, who did not receive obesity-related treatment 6 months before the
study, and non-obese adults. Exclusion criteria included musculoskel-
etal, neurological, and rheumatological disorders (fractures, sprains or
strains, spine surgery, advanced respiratory or orthopaedic problems),
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malignancy and pregnancy within the last 12 months, which might
interfere with evaluations were the exclusion criteria.

The G*power 3.1 calculator program was used to define the sample
size. “Correlation bivariate normal model” was chosen to determine the
relational status between the variables. According to the analysis per-
formed with a 95% confidence level, 80% power, and standardized ef-
fect size (Cohen’s large value: 0.60), it was calculated that a total of 60
individuals should be included (Cramer et al., 2016).

2.2. Measures

Data about the participants’ sociodemographic information,
anthropometric measurements, body awareness, PA level, dynamic
balance, proprioception and reaction time were collected. Written
informed consent was obtained from each participant at the time of
enrolment.

2.2.1. Sociodemographic and clinical information

Sociodemographic information such as age, height, weight, educa-
tional status, and cigarette smoking, alcohol use of the participants was
collected with the information form.

2.2.2. Anthropometric measurements

Weight was measured using the body analysis scale. Participants
were asked to remove their shoes and socks, and then stand on the de-
vice with their heels touching the electrodes and their knees fully
extended. For the measurement of height, the device was prepared with
a tape measure fixed on a flat wall surface. Hip, thigh, calf and
abdominal circumference were measured using a measuring tape (150
cm, 60 inches, accurate to 0.1 cm).

2.2.3. Body awareness

The Body Awareness Questionnaire (BAQ) was developed by Shields
etal., in 1986 (Shields et al., 1989). The Turkish version, whose validity
and reliability study were conducted by Karaca et al., was used in this
study (Karaca and Bayar, 2021). This questionnaire includes physical,
emotional, and social aspects of a person’s susceptibility to normal or
abnormal bodily conditions and processes, questioning susceptibility to
physical reactions. There are 18 statements in the questionnaire, each
scored between 1 and 7 points (1 = Not at all suitable for me, 7 =
Completely suitable for me). The total score is 126 and higher indicates a
better body awareness level (Karaca and Bayar, 2021).

2.2.4. Physical activity level

The Turkish reliable and validated version of the International
Physical Activity Questionnaire-Short Form (IPAQ-SF) was employed to
evaluate self-reported PA levels (Saglam et al., 2010). It comprises seven
questions assessing the regularity and duration of walking, moderate
and vigorous intensity exercises, and total sitting time on a weekday
throughout the preceding week. PA level is categorized as low, moder-
ate, and high (Healey et al., 2020).

2.2.5. Dynamic balance

Dynamic balance was evaluated with the functional reach test (FRT).
FRT was performed as reported by Duncan et al. (1990). The subject
stood next to the functional reach measurement device, extended one
arm horizontally at approximately 90°, and placed a closed fist against
the sliding bar of the device. The head of the third metacarpal was
marked as the starting position. The participant was asked to go as far as
he could without taking a step, and the final position of the metacarpal
was recorded. Participants were given 2 attempts before the test. Then
the test was repeated 3 times and the average of the 3 measurements was
recorded in ‘cm’ (Duncan et al., 1990).

2.2.6. Joint position sense
The joint position sense assessment was conducted using a Baseline
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bubble inclinometer (model 12-1056, Fabrication Enterprises; White
Plains, New York) by evaluating the position error in bilateral knee
joints and the trunk. Knee joint measurements were performed in a
sitting position, with the individual’s eyes closed. The evaluated joint
was bare, without socks or shoes, by attaching the apparatus designed to
be perpendicular to the axis of knee flexion to the lower leg. Partici-
pants’ knees were passively moved from the starting position [90-degree
(°) flexion] to a 30° flexion position, and after a 5-s wait at this point,
participants were instructed to hold this angle in mind before returning
to the starting position. After a 5-s rest, individuals were asked to
actively reproduce the target angle themselves. The same procedure was
repeated three times at 45° and 60° of knee flexion. The absolute dif-
ference between the criterion and reproduced angle was taken as a
measure for proprioceptive accuracy, and the average of the deviation
amounts observed during the three repetitions was calculated. (Baert
et al., 2018; Romero-Franco et al., 2019).

To evaluate trunk position error, participants were asked to sit in an
upright position and perform a 30° trunk flexion for 3 s while being
guided to feel the exact angle. Subsequently, they were instructed to
return to the neutral position. The difference between the flexion angle
performed by the individual during the test and the target 30° angle was
recorded as the trunk position error. The tests were repeated 5 times,
and the lowest and highest degrees of trunk position error were dis-
carded, while the average of the remaining 3 test scores was used as the
error magnitude (Jung et al., 2014).

2.2.7. Reaction time

The Nelson Foot Reaction Test was used to evaluate individuals’
reaction speed. Participants were invited to remove their shoes and sit
on a chair. During the test, the foot was positioned 2.5 cm away from the
wall at the toes and 5 cm away at the heel. A physiotherapist held a 30
cm ruler against the wall at the level of the dominant foot’s big toe to
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ensure consistent positioning. The physiotherapist counted backwards
from three, one number at a time, and released the ruler when saying
"zero." The individual was instructed to catch the falling ruler with their
foot, and the position of the foot on the ruler was recorded in centi-
metres. This process was repeated 20 times. The average value was
calculated by excluding the lowest and highest 5 values out of the 20 and
recorded in centimetres. The obtained average value was then used in
the formula "Reaction Time = \/ 2 x Distance (cm)/980 cm/s% to
calculate the reaction time in seconds and recorded accordingly (Tamer,
2000).

2.3. Statistical analysis

The Jamovi program (Version 1.0.7) was used for the statistical
analysis of study data. The variables were defined with their mean,
standard deviation, percentage, and median with minimum and
maximum values. The normality of the data was evaluated using
skewness, kurtosis values, Q-Q plots, Box Plots, and histograms, along
with the Shapiro-Wilks test. Normally distributed data were analysed
using a parametric test (Independent-Samples T-test) and non-normally
distributed data were analysed using a non-parametric test (Mann-
Whitney U test). The relationships between variables were examined
using Spearman correlation coefficients. Values with p < 0.05 were
considered statistically significant.

3. Results

Thirty-six adults with obesity (BMI >30 kg/m?) who were followed
at the internal medicine unit were invited to participate. Four in-
dividuals did not meet the eligibility criteria. Therefore, a total of 64
participants including 32 individuals with obesity and age and sex-
matched 32 non-obese individuals (BMI: 18.5-230 kg/mz) were

Obese group Ideal weight group
(n=36) (n=32)

Total excluded (n=4)

Pregnancy (n=1) ~
Musculoskeletal pain |

(0=3)
Assessment
v v

Short Form)

inclinometer)

e Body awareness (Body Awareness Questionnaire)
e Physical activity level (International Physical Activity Questionnaire-

e Dynamic balance (Functional Reach Test)
e Proprioception sense (Joint position sense assessment with bubble

e Reaction time (Nelson Foot Reaction Test)

Analysis

Analysed
(n=32)

Analysed
(n=32)

Fig. 1. Flow chart of the study.
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included in the study. No unexpected effects were observed during the
assessments. The flow chart of the study is shown in Fig. 1.

3.1. Sociodemographic and clinical characteristics

No significant differences were found in age, sex, marital status and
smoking between the groups (p > 0.05). Education status and alcohol
consumption were significantly different between the groups (p < 0.05).
Additionally, 75 % of the participants (n = 24) of the obese group were
class I obese (BMI: 30-34.9) (Table 1).

3.2. Comparison of differences in anthropometric measurement values,
body awareness, PA level, and dynamic balance

No significant difference was found in height between the groups (p
> 0.05). Weight, BMI, hip circumference, and right and left circumfer-
ence of the thigh, calf and abdominal region were higher in the obese
group (p < 0.05). No significant difference was found in body awareness
score and PA level (p > 0.05). The dynamic balance scores were lower in
the obese group (p < 0.05) (Table 2).

3.3. Comparison of differences in joint position sense and reaction time

A statistically significant difference was found between groups only
in the trunk position error among the joint position assessment. In the
obese group, the trunk position error was higher than in the non-obese
group (p < 0.05). No significant difference was found in reaction times
between the obese and non-obese groups (p > 0.05) (Table 3).

Table 1
Demographic and clinical characteristics of participants.

Non-obese group (n Obese group(n=32) p

=32)
Median (Min-Max)/n Median (Min-Max)/n
(%) (%)
Age 39.5 (18-59) 38 (22-59) 0.37°
Gender 0.76"
Female 25(39.1) 24 (37.5)
Male 7 (10.9) 8 (12.5)
Marital status 0.80"
Married 17 (26.6) 18 (28.1)
Single 15 (23.4) 14 (21.9)
Education status 0.02¢
d
Primary school 0 (0) 314.7)
Middle school 3(4.7) 4(6.3)
High school 15 (23.4) 5(7.8)
Bachelor’s degree 14 (21.9) 18 (28.1)
Master’s degree 0(0) 1(1.6)
Doctorate 0(0) 1(1.6)
Smoking 0.26"
Yes 7 (10.9) 11 (17.2)
No 25 (39.1) 21 (32.8)
Alcohol 0.03¢
Consumption d
Never 32 (50) 28 (43.8)
Rarely 0 (0) 4(6.3)
Classification of
obesity
Class I obesity 24 (75)
Class 2 obesity 6 (18.72)
Class 3 obesity 2 (6.25)

@ : Mann Whitney U test used.
b Chi-square test used.

¢ : Fisher’s Exact test used.

4 :<0.05.
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3.4. Correlation of the body awareness score with PA level, dynamic
balance, proprioception and reaction time

No statistically significant correlation was found between the body
awareness score and other parameters (p > 0.05) (Table 4).

4. Discussion

Although there is an increasing number of studies examining the
body awareness on general health, there is limited study which inves-
tigate body awareness in individuals with obesity. Therefore, our study
is comprehensive research aimed to investigating body awareness in
individuals with obesity and the parameters that may affect body
awareness in this population. In general, the research results suggested
that was no difference between the obese and non-obese group in terms
of body awareness and body awareness was not associated with other
parameters. However, dynamic balance and proprioception were
negatively affected in adults with obesity. Since most of the individuals
with obesity were class I obese individuals, authors aware that the re-
sults of the study cannot be generalised to all individuals with obesity.
On the other hand, it is noteworthy that proprioception and balance
were found to be affected even in class I which reflects the early obesity
stage.

Studies have indicated that individuals with varying BMIs exhibit
differences in body awareness (Ata et al., 2014). Moreover, individuals
with binge eating disorder may experience changes in body awareness,
perceiving themselves as having a different body (Albertsen et al.,
2019). Furthermore, evidence suggests an increase in body awareness
following bariatric surgery and this increase is found to be proportional
to BMI and the amount of weight lost (Varli et al., 2022). On the other
hand, according to the results of our study, the body awareness scores of
obese and non-obese groups were similar. This result may be related to
the heterogenous distribution of participants’ BMI in study group. The
mean BMI of the obese group was 34.1 kg/m? and the group consisted
mostly of class I obese participants (%75). This may have caused the lack
of a significant difference between the groups in terms of BA. Future
studies comparing body awareness of individuals with obesity should
have a more homogeneous distribution of obesity class. Additionally,
the difference between the abovementioned studies and our study may
be due to the fact that our study included a wider age range of partici-
pants, whereas the previous studies had more specific focus groups.
Furthermore, gender, cultural backgrounds, social influences, and life-
style factors may affect body awareness.

Obesity is affected by many variables such as gender and alcohol
consumption. Studies consistently demonstrate a higher prevalence of
obesity among women compared to men, a pattern observed across
various age demographics (Keita et al., 2014; Fisher et al., 2012). This
gender difference in obesity prevalence is influenced by multiple factors,
including social structures, gender relations, and individual interactions
with society (Fisher, 2015). Considering that most of our obese group
involved female participants, this is consistent with the literature.
Additionally, studies consistently demonstrate a positive correlation
between alcohol intake and obesity-related health issues, particularly
among men (Kim et al., 2021; Chakraborty, 2014). High alcohol con-
sumption, including episodes of binge drinking, is associated with an
increased likelihood of obesity, hypertension, and dyslipidaemia (Kim
et al., 2021). Our study showed that obese participants had higher
alcohol consumption consistent with the literature. Understanding the
intricate interplay between factors like gender, alcohol consumption,
and obesity is crucial for promoting body awareness and fostering
healthier lifestyles.

Studies showed that that engaging in regular physical activity can
enhance body awareness and individuals who have been practising ex-
ercise for an extended period demonstrate increased levels of body
awareness (Tihanyi et al., 2016). Furthermore, different types of exer-
cise may have varying effects on body awareness, with practices like
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Table 2
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Comparison of anthropometric measurement, body awareness, physical activity level and dynamic balance of the participants.

Non-obese group (n = 32)

Obese group (n = 32)

Mean (SD)/n (%) Median (Min-Max) Mean (SD)/n (%) Median (Min-Max) P
Height (m) 160 (150-182) 163.5 (8.93) 164 (150-185) 165.9 (9.33) 0.29¢
Weight (kg) 66.5 (45-85) 66.5 (9.37) 92.5 (75-141) 93 (13.47) <0.001° ¢
BMI (kg/mz) 24.8 (20-29.4) 24.8 (2.79) 33.9 (30.1-45.7) 33.8 (3.67) <0.001° ¢
Hip C. (cm) 104 (84-113) 103.4 (6.25) 119 (100-150) 119.8 (10.75) <0.001% ¢
R. Thigh C. (cm) 54 (44-65) 54 (5.25) 61.5 (48.5-74.5) 61.2 (6.72) <0.001° ¢
L. Thigh C. (cm) 54 (45-64) 53.9 (5.06) 62.5 (48-72.5) 61.3 (6.46) <0.001° ¢
R. Calf C. (cm) 38 (32-48) 38.1 (3.52) 42.0 (36-73.5) 43.2 (6.42) <0.001% ¢
L. Calf C. (cm) 38 (31-48) 38 (3.65) 42.5 (36-70) 43.2 (5.94) <0.001° ¢
Abdominal C. (cm) 89.5 (71-101) 88.3 (7.68) 107 (91.5-136) 107.4 (8.57) <0.001% ¢
BAQ score 92.1 (15) 97 (66-121) 86.3 (11.9) 86 (63-108) 0.09°
IPAQ-SF category 0.55"
Inactive 15 (23.4) 13 (20.3)
Minimally active 17 (26.6) 18 (28.1)
Very active 0 (0) 1(1.6)
IPAQ-SF (MET-min/week) 1190 (1379) 711 (110-6930) 964 (1004) 792 (0-4158) 0.51¢
Functional reach test (cm) 38.7 (7.07) 33.3 (26.0-52.3) 33.3(6.93) 33 (18.6-54.6) 0.003" ¢

BMI: Body mass index, C.: circumference, R.: right, L.: left, BAQ: Body Awareness Questionnaire, IPAQ-SF: International Physical Activity Questionnaire-Short Form,

MET: metabolic equivalent of task.
2 : Student’s t-test used.
b . Chi-square test used.
: Mann Whitney U test used.
:<0.05.

c
d

Table 3
Comparison of differences in proprioception sense and reaction time between
the groups.

Non-obese group (n =  Obese group (n =

32) 32)
Median (Min-Max) Median (Min-Max) P
Proprioception sense
RKJPS 30° 1.60 (0-10) 1.60 (0-8.3) 0.55
LKJPS 30° 1.60 (0-6.6) 1.60 (0-10) 0.18
RKJPS 45° 1.60 (0-10) 1.60 (0-10) 0.13
LKJPS 45° 1.60 (0-6.6) 1.60 (0-11.6) 0.56
RKJPS 60° 0.80 (0-5) 1.60 (0-13.3) 0.11
LKJPS 60° 0.80 (0-5.3) 1.60 (0-6.6) 0.21
TPS 30° 2 (0-15) 3.15 (0-15) 0.02"
R. Nelson foot reaction 21.45 (14.10-26.7) 22.37(11.70-27.8) 0.61
test (sec)
L. Nelson foot reaction 21.75 (16.40-26.9) 22.35 (7.20-27.8) 0.20
test (sec)

Mann Whitney U test used, RKJPS: right knee joint position sense, LKJPS: left
knee joint position sense, TPS: trunk position sense, R.; right, L.: left.
# :<0.05.

Table 4
Correlation of the body awareness score with PAL, dynamic balance, proprio-
ception and reaction time.

BAQ Score

Spearman’s rho p
Physical activity level 0.02 0.86
Proprioception sense
RKJPS 30° —0.04 0.74
LKJPS 30° —0.23 0.05
RKJPS 45° -0.17 0.16
LKJPS 45° -0.18 0.13
RKJPS 60° —0.06 0.59
LKJPS 60° -0.11 0.35
TPS 30° -0.14 0.35
Functional reach test (cm) 0.07 0.53
R. Nelson foot reaction test (sec) 0.03 0.79
L. Nelson foot reaction test (sec) 0.05 0.68

RKJPS: right knee joint position sense, LKJPS: left knee joint position sense, TPS:
trunk position sense, *: p < 0.05.
% p < 0.001.
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yoga being associated with higher levels of body awareness compared to
other forms of exercise (Martin et al., 2013). Additionally, physical ac-
tivity has been linked to positive effects on body awareness levels,
particularly in non-obese individuals (Kalkisim et al., 2022). In our
study, the PA level of the obese group was similar to that of non-obese
individuals and there was no correlation between PA level and body
awareness. This finding may be explained by the fact that the studies
mentioned earlier suggest a positive relationship in non-obese in-
dividuals and those practising specific types of activities like yoga which
are different from our study. Our results consistent with Varl et al.’s
study indicated that PA levels were the same between post-bariatric
surgery patients and individuals with normal BMI levels and no corre-
lation between the PA level and body awareness (Varli et al., 2022). This
situation may differ for individuals with obesity and different in-
terventions may be needed to improve body awareness and adopt a
positive relationship with physical activity.

Several studies have demonstrated a significant relationship between
body weight and balance impairment. It has been stated that obesity was
associated with reduced postural stability on unstable surfaces and body
weight may be an important risk factor for falling (Hue et al., 2007). It
was showed that the increased body weight resulted in functional
adaptation which was characterized by a reduced postural sway con-
nected with an important reduction of the dynamic stability range
(Blaszczyk et al., 2009). In our study, dynamic balance scores were
lower in the obese group similar to the results from previous studies.
These findings may be since when an individual with obesity is subjected
to a small to moderate forward oscillation, the abnormal distribution of
body fat in the abdominal region leads to an increased restorative ankle
torque required to regain balance (Corbeil et al., 2001). In a study
investigating the relationship between balance and body awareness
level in active athletes showed that a moderate positive correlation
between balance and BAQ (Bilgin U et al., 2023). Additionally, it was
stated that balance was not related to body awareness in college students
(Helmick, 2023). Due to our findings, there was no correlation between
dynamic balance and body awareness in the obese group. To the best of
our knowledge, there is no study investigating the correlation between
balance and body awareness in individuals with obesity. The reason that
there was no association between balance and body awareness, despite
differences among groups, may be attributed to the outcome measure
used to assess balance.
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Body awareness is the subjective aspect of conscious awareness
involving proprioception and inner perception. The emergence of body
awareness gives individuals the sensation that they possess a new
physical form (Albertsen et al., 2019; Spaniolas et al., 2016). According
to our findings, position error in the trunk which indicates reduced trunk
position sense was higher in the obese group consistent with the liter-
ature showing that obesity affects proprioception (Numanoglu et al.,
2014; Wang et al., 2008). In addition, there was no correlation between
body awareness and proprioception sense. In a studyit was demon-
strated that no significant association between proprioception assessed
at the elbow joint and body awareness (Horvath et al., 2019).
Conversely, Varli et al. stated that body awareness scores increase and
the deviation in joint position sense decreases (Varli et al., 2022). The
reason for different results in the literature might be due to the variation
between the samples and joint position sense measurement areas of the
body. Additionally, the reason for the lack of correlation between body
awareness and balance and joint position sense in our study may be due
to the high number of class I obese individuals in the obese group.

Individuals with obesity with excessive fat accumulation in the
abdominal region have been shown to require faster ankle reactions and
exert more effort to regain balance. This indicates a higher risk of falling.
Therefore, we evaluated the foot reaction time of the participants.
Several studies have stated a positive association between reaction time
and obesity measured by BMI (Deore et al., 2012; Gentier et al., 2013).
In contrast, our findings showed that foot reaction time was similar
between the groups. A study reported no relationship between reaction
tests and BMI in young males (Esmaeilzadeh et al., 2020). A different
study, no differences were observed in reaction time between overall
obesity or body composition groups consistent with our results in young
adult men (Narimani et al., 2019). On the other hand, another study
stated that only a significant association was detected between reaction
time and % fat in 9-12-year-old schoolboys (Moradi and Esmaeilzadeh,
2017). In addition, Esmaeilzadeh stated that there was a weak positive
association between waist circumference and reaction time
(Esmaeilzadeh et al., 2020). The different results in the literature may
stem from the use of various parameters in defining obesity, such as BMI,
body fat percentage, waist circumference, and others (Corbeil et al.,
2001). Moreover, no correlation was found between body awareness
and reaction time.

Obesity, a complex condition characterized by excessive body fat
accumulation, necessitates a comprehensive approach beyond simplistic
views of diet and exercise. Central to this approach is body awareness,
encompassing physical, emotional, and cognitive aspects of bodily ex-
periences (Barbosa et al., 2020). Within the biopsychosocial framework,
obesity arises from interactions among biological, psychological, and
social factors. Genetic predispositions, stress, trauma, and cultural
norms all play roles in weight regulation and eating behaviours. Body
awareness is key in addressing obesity, empowering individuals to un-
derstand their eating patterns, hunger cues, and emotional triggers
(Rosenbaum et al., 2016). While our study has primarily focused on
relationship between the physical parameters and body awareness, it is
important to address obesity from a biopsychosocial perspective.

4.1. Strengths of the study

Despite these limitations, we believe that our study will contribute to
the field, since it assumes a comprehensive approach by comparing body
awareness levels and various physical parameters between individuals
with obesity and non-obese individuals. This holistic assessment pro-
vides an understanding of the impact of obesity on individuals. Addi-
tionally, the study’s inclusion of matched groups based on age and sex
enhances the comparisons’ validity. For individuals with obesity, the
results of the study could help them understand their body awareness
and balance abilities. This could contribute to the development of
personalized strategies for managing obesity. Additionally, the study is
important for healthcare professionals and caregivers supporting
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individuals with obesity. The findings could help them understand the
physical challenges associated with obesity and coping strategies,
thereby enabling them to provide more effective support.

4.2. Limitations

The results of this study should be considered in view of some lim-
itations. Firstly, in our study, the majority of the participants in the
obese group had class 1 obesity, which is the lowest obesity classifica-
tion and obesity was expressed only in terms of BMI. Secondly, the
majority of females in both groups may create a gender effect. Lastly,
there is a lack of assessment of conditions that may have an impact on
body image, such as mental health.

5. Conclusion

Through comparing the levels of body awareness between in-
dividuals with obesity and those non-obese to understand how in-
dividuals perceive their bodies and their actual physical states, and
examining relevant physical parameters, our goal was to provide clini-
cians and researchers a perspective for managing obesity. In conclusion,
there was no significant difference in body awareness between the non-
obese and the obese group which consisted mainly of participants with
class I obesity and there was no association between body awareness and
the physical parameters. However, adults with obesity had impaired
balance and proprioception compared to non-obese ones. Although the
hypothesis of this study that body awareness would be lower in in-
dividuals with obesity was not confirmed, findings shed light on the
impact of obesity on balance and proprioceptive abilities. Further in-
vestigations should focus on examining body awareness in studies with a
homogeneous distribution of obesity class.

Data availability

The data that support the findings of this study are available from the
corresponding author upon reasonable request.

Statement of the authors

We would like to inform you that this study has not been presented or
published anywhere. The manuscript is not under simultaneous
consideration by any other publication. All of the authors of the
manuscript approve of the material submitted for publication.

Funding

This study is supported by the Scientific and Technological Research
Council of Tiirkiye (TUBITAK) through the 2209-A University Student
Research Projects Support Program (2022, 1st Term).

Note

This study was presented as an oral abstract at the 9th National
Physiotherapy and Rehabilitation Congress (October 26-28, 2023,
Turkey).

CRediT authorship contribution statement

Ezgi Eryi1ldiz: Writing — review & editing, Writing — original draft,
Supervision, Methodology, Investigation, Formal analysis, Data cura-
tion, Conceptualization. Elifnur Delibas: Writing — review & editing,
Writing — original draft, Methodology, Data curation, Conceptualiza-
tion. Ilayda Melek Kesgin: Writing — original draft, Methodology, Data
curation. Ipek Beyza Ozturk: Writing — original draft, Investigation,
Data curation. Burcu Ersoz Huseyinsinoglu: Writing — review & edit-
ing, Writing — original draft, Visualization, Supervision, Methodology,



E. Eryildiz et al.
Investigation, Conceptualization.
Declaration of competing interest

The authors declare that they have no known competing financial
interests or personal relationships that could have appeared to influence
the work reported in this paper.

Acknowledgements

The authors of this study thank all participants for their cooperation
of them.

References

Alasmari, H.D., Al-Shehri, A.D., Aljuaid, T.A., Alzaidi, B.A., Alswat, K.A., 2017.
Relationship between body mass index and obesity awareness in school students.
J. Clin. Med. Res. 9 (6), 520-524. https://doi.org/10.14740/jocmr2987w.

Albertsen, M.N., Natvik, E., Raheim, M., 2019. Patients’ experiences from basic body
awareness therapy in the treatment of binge eating disorder -movement toward
health: a phenomenological study. J Eat Disord 7, 36. https://doi.org/10.1186/
s40337-019-0264-0.

Ata, A., Vural, A., Keskin, F., 2014. Body perception and obesity. Ankara Med J 14 (3),
74-84.

Baert, I.A.C., Lluch, E., Struyf, T., Peeters, G., Van Oosterwijck, S., Tuynman, J., Rufai, S.,
Struyf, F., 2018. Inter- and intrarater reliability of two proprioception tests using
clinical applicable measurement tools in subjects with and without knee
osteoarthritis. Musculoskelet Sci Pract 35, 105-109. https://doi.org/10.1016/].
msksp.2017.11.011.

Barbosa, M.R., Penaforte, F.R., Silva, A.F., 2020. Mindfulness, Mindful Eating and
Intuitive Eating in the Approach to Obesity and Eating Disorders.

Berlucchi, G., Aglioti, S.M., 2010. The body in the brain revisited. Exp. Brain Res. 200
(1), 25-35. https://doi.org/10.1007/s00221-009-1970-7.

Bilgin, U., Okan, L., Gokyurek, B., Colak, M., A, K., 2023. Does functional movement
analysis and balance have a relationship with body awareness level? Journal of
Population Therapeutics & Clinical Pharmacology 30 (16), 38-48.

Blaszczyk, J.W., Cieslinska-Swider, J., Plewa, M., Zahorska-Markiewicz, B.,
Markiewicz, A., 2009. Effects of excessive body weight on postural control.

J. Biomech. 42 (9), 1295-1300. https://doi.org/10.1016/j.jbiomech.2009.03.006.

Burgess, E., Hassmen, P., Pumpa, K.L., 2017. Determinants of adherence to lifestyle
intervention in adults with obesity: a systematic review. Clin Obes 7 (3), 123-135.
https://doi.org/10.1111/cob.12183.

Chakraborty, S.P., 2014. Analysis of NHANES 1999-2002 data reveals noteworthy
association of alcohol consumption with obesity. Ann. Gastroenterol. : Quarterly
Publication of the Hellenic Society of Gastroenterology 27, 250-257.

Corbeil, P., Simoneau, M., Rancourt, D., Tremblay, A., Teasdale, N., 2001. Increased risk
for falling associated with obesity: mathematical modeling of postural control. IEEE
Trans. Neural Syst. Rehabil. Eng. 9 (2), 126-136. https://doi.org/10.1109/
7333.928572.

Cramer, H., Thoms, M.S., Anheyer, D., Lauche, R., Dobos, G., 2016. Yoga in women with
abdominal ObesityHa randomized controlled trial. Dtsch Arztebl Int 113 (39),
645-652. https://doi.org/10.3238/arztebl.2016.0645.

Deore, D.N., Surwase, S.P., Masroor, S., Khan, S.T., Kathore, V., 2012. A cross sectional
study on the relationship between the body mass index (BMI) and the audiovisual
reaction time (ART). J. Clin. Diagn. Res. 6 (9), 1466-1468. https://doi.org/10.7860/
JCDR/2012/4440.2534.

Duncan, P.W., Weiner, D.K., Chandler, J., Studenski, S., 1990. Functional reach: a new
clinical measure of balance. J. Gerontol. 45 (6), M192-M197. https://doi.org/
10.1093/geronj/45.6.m192.

Esmaeilzadeh, S., Farzizadeh, R., Kalantari, H.A., Mahmoudi, A., Dziembowska, I.,
Kostencka, A., Narimani, M., Aghajani, S., 2020. Is obesity associated with impaired
reaction time in youth? Eat. Weight Disord. 25 (2), 415-425. https://doi.org/
10.1007/540519-018-0614-y.

Fisher, M.J., Chilko, N., 2012. Gender and Obesity.

Fisher, M.J., Chilko, N., 2015. 6 Gender and Obesity.

Gentier, 1., Augustijn, M., Deforche, B., Tanghe, A., De Bourdeaudhuij, I., Lenoir, M.,
D’Hondt, E., 2013. A comparative study of performance in simple and choice
reaction time tasks between obese and healthy-weight children. Res. Dev. Disabil. 34
(9), 2635-2641. https://doi.org/10.1016/j.ridd.2013.04.016.

Healey, E.L., Allen, K.D., Bennell, K., Bowden, J.L., Quicke, J.G., Smith, R., 2020. Self-
Report measures of physical activity. Arthritis Care Res. 72 (10), 717-730. https://
doi.org/10.1002/acr.24211. Suppl 10(Suppl.

Helmick, C., 2023. The Relationships Among Proprioception, Balance, and Cognitive
Perception of Body Awareness in College Students. Murray State University.

Horvath, A., Ferentzi, E., Koteles, F., 2019. Proprioceptive accuracy is not associated
with self-reported body awareness, body competence, and affect. Phys. Int. 106 (4),
347-354. https://www.ncbi.nlm.nih.gov/pubmed/31896267.

1348

Journal of Bodywork & Movement Therapies 40 (2024) 1342-1348

Hue, O., Simoneau, M., Marcotte, J., Berrigan, F., Dore, J., Marceau, P., Marceau, S.,
Tremblay, A., Teasdale, N., 2007. Body weight is a strong predictor of postural
stability. Gait Posture 26 (1), 32-38. https://doi.org/10.1016/j.
gaitpost.2006.07.005.

Jung, K., Kim, Y., Chung, Y., Hwang, S., 2014. Weight-shift training improves trunk
control, proprioception, and balance in patients with chronic hemiparetic stroke.
Tohoku J. Exp. Med. 232 (3), 195-199. https://doi.org/10.1620/tjem.232.195.

Kalkisim, S.N., Erden, A., Kanber Uzun, O., Ertemoglu Oksuz, C., Zihni, N.B., Can, M.A.,
2022. Relationship between body awareness level and musculoskeletal pain
complaints, physical activity level and emotional status in healthy people. Acta
Neurol. Belg. https://doi.org/10.1007/s13760-022-02056-2.

Karaca, S., Bayar, B., 2021. Turkish version of body awareness questionnaire: validity
and reliability study. Tiirk Fizyoterapi ve Rehabilitasyon Dergisi 32 (1), 44-50.

Keita, A.D., 2014. Obesity and Gender.

Kim, B., Nam, H., Yoo, J., Cho, Y., Choi, D., Jung, C., Mok, J., Kim, C.H., 2021.
Association between alcohol consumption status and obesity-related comorbidities
in men: data from the 2016 Korean community health survey. BMC Publ. Health 21.

Liné, C., Lachal, J., Andrieu, B., 2022. Obesity and interoceptive awareness: a
preliminary qualitative study of hospitalized adolescent girls with obesity.
L’Evolution Psychiatrique 87 (1), el-el8.

Martin, R., Prichard, 1., Hutchinson, A.D., Wilson, C., 2013. The role of body awareness
and mindfulness in the relationship between exercise and eating behavior. J. Sport
Exerc. Psychol. 35 (6), 655-660. https://doi.org/10.1123/jsep.35.6.655.

Mehling, W.E., Gopisetty, V., Daubenmier, J., Price, C.J., Hecht, F.M., Stewart, A., 2009.
Body awareness: construct and self-report measures. PLoS One 4 (5), e5614. https://
doi.org/10.1371/journal.pone.0005614.

Moradi, A., Esmaeilzadeh, S., 2017. Simple reaction time and obesity in children:
whether there is a relationship? Environ. Health Prev. Med. 22 (1), 2. https://doi.
0rg/10.1186/512199-017-0612-0.

Morotti, E., Battaglia, B., Paradisi, R., Persico, N., Zampieri, M., Venturoli, S.,
Battaglia, C., 2013. Body mass index, Stunkard Figure Rating Scale, and sexuality in
young Italian women: a pilot study. J. Sex. Med. 10 (4), 1034-1043. https://doi.org/
10.1111/jsm.12045.

Narimani, M., Esmaeilzadeh, S., Pesola, A.J., Azevedo, L.B., Moradi, A., Heidari, B.,
Kashfi-Moghadam, M., 2019. Impact of obesity on central processing time rather
than overall reaction time in young adult men. Eat. Weight Disord. 24 (6),
1051-1061. https://doi.org/10.1007/540519-019-00752-2.

Numanoglu, E.A., Can, F., Erden, Z., 2014. Do body mass, body mass index and body fat
ratio have an effect on proprioception? Orthop J Sports Med 2.

Okop, K.J., Mukumbang, F.C., Mathole, T., Levitt, N., Puoane, T., 2016. Perceptions of
body size, obesity threat and the willingness to lose weight among black South
African adults: a qualitative study. BMC Publ. Health 16, 365. https://doi.org/
10.1186/512889-016-3028-7.

Romero-Franco, N., Montano-Munuera, J.A., Fernandez-Dominguez, J.C., Jimenez-
Reyes, P., 2019. Validity and reliability of a digital inclinometer to assess knee joint
position sense in an open kinetic chain. J. Sport Rehabil. 28 (4), 332-338. https://
doi.org/10.1123/jsr.2017-0221.

Romieu, L., Dossus, L., Barquera, S., Blottiere, H.M., Franks, P.W., Gunter, M., Hwalla, N.,
Hursting, S.D., Leitzmann, M., Margetts, B., Nishida, C., Potischman, N., Seidell, J.,
Stepien, M., Wang, Y., Westerterp, K., Winichagoon, P., Wiseman, M., Willett, W.C.,
Balance, L.w. g. o.E., Obesity, 2017. Energy balance and obesity: what are the main
drivers? Cancer Causes Control 28 (3), 247-258. https://doi.org/10.1007/s10552-
017-0869-z.

Rosenbaum, D.L., White, K.S., 2016. Understanding the complexity of biopsychosocial
factors in the public health epidemic of overweight and obesity. Health Psychol.
Open 3 (1), 2055102916634364.

Saglam, M., Arikan, H., Savci, S., Inal-Ince, D., Bosnak-Guclu, M., Karabulut, E.,
Tokgozoglu, L., 2010. International physical activity questionnaire: reliability and
validity of the Turkish version. Percept. Mot. Skills 111 (1), 278-284. https://doi.
org/10.2466,/06.08.PMS.111.4.278-284.

Shields, S.A., Mallory, M.E., Simon, A., 1989. The body awareness questionnaire:
reliability and validity. J. Pers. Assess. 53 (4), 802-815.

Spaniolas, K., Kasten, K.R., Celio, A., Burruss, M.B., Pories, W.J., 2016. Postoperative
follow-up after bariatric surgery: effect on weight loss. Obes. Surg. 26 (4), 900-903.
https://doi.org/10.1007/s11695-016-2059-6.

Tamer, K., 2000. Sporda fizyolojik fiziksel performansin ol¢iilmesi ve degerlendirilmesi.
Bagirgan Yayimevi.

Tihanyi, B.T., Sagi, A., Csala, B., Tolnai, N., Koteles, F., 2016. Body awareness,
mindfulness and affect: does the kind of physical activity make a difference?
European. J. Ment. Health 11 (1-2), 97.

Varli, U., Naz, L., Yilmaz, H., 2022. Investigation of body awareness and affecting factors
in patients with bariatric surgery. Obes. Surg. 32 (3), 829-836. https://doi.org/
10.1007/511695-021-05864-2.

Wang, L., Li, J.X., Xu, D.Q., Hong, Y.L., 2008. Proprioception of ankle and knee joints in
obese boys and nonobese boys. Med. Sci. Mon. Int. Med. J. Exp. Clin. Res. 14 (3),
CR129-135. https://www.ncbi.nlm.nih.gov/pubmed/18301356.

WHO, 2021. Obesity and Overweight. World Health Organisation from. https://www.
who.int/news-room/fact-sheets/detail /obesity-and-overweight#: ~:text=For/
20adults/2C/20WHO/20defines/20overweight,than/200r/20equal/20to/2030.
(Accessed 4 July 2023).


https://doi.org/10.14740/jocmr2987w
https://doi.org/10.1186/s40337-019-0264-0
https://doi.org/10.1186/s40337-019-0264-0
http://refhub.elsevier.com/S1360-8592(24)00372-3/sref3
http://refhub.elsevier.com/S1360-8592(24)00372-3/sref3
https://doi.org/10.1016/j.msksp.2017.11.011
https://doi.org/10.1016/j.msksp.2017.11.011
http://refhub.elsevier.com/S1360-8592(24)00372-3/sref5
http://refhub.elsevier.com/S1360-8592(24)00372-3/sref5
https://doi.org/10.1007/s00221-009-1970-7
http://refhub.elsevier.com/S1360-8592(24)00372-3/sref7
http://refhub.elsevier.com/S1360-8592(24)00372-3/sref7
http://refhub.elsevier.com/S1360-8592(24)00372-3/sref7
https://doi.org/10.1016/j.jbiomech.2009.03.006
https://doi.org/10.1111/cob.12183
http://refhub.elsevier.com/S1360-8592(24)00372-3/sref10
http://refhub.elsevier.com/S1360-8592(24)00372-3/sref10
http://refhub.elsevier.com/S1360-8592(24)00372-3/sref10
https://doi.org/10.1109/7333.928572
https://doi.org/10.1109/7333.928572
https://doi.org/10.3238/arztebl.2016.0645
https://doi.org/10.7860/JCDR/2012/4440.2534
https://doi.org/10.7860/JCDR/2012/4440.2534
https://doi.org/10.1093/geronj/45.6.m192
https://doi.org/10.1093/geronj/45.6.m192
https://doi.org/10.1007/s40519-018-0614-y
https://doi.org/10.1007/s40519-018-0614-y
http://refhub.elsevier.com/S1360-8592(24)00372-3/sref16
http://refhub.elsevier.com/S1360-8592(24)00372-3/sref17
https://doi.org/10.1016/j.ridd.2013.04.016
https://doi.org/10.1002/acr.24211
https://doi.org/10.1002/acr.24211
http://refhub.elsevier.com/S1360-8592(24)00372-3/sref22
http://refhub.elsevier.com/S1360-8592(24)00372-3/sref22
https://www.ncbi.nlm.nih.gov/pubmed/31896267
https://doi.org/10.1016/j.gaitpost.2006.07.005
https://doi.org/10.1016/j.gaitpost.2006.07.005
https://doi.org/10.1620/tjem.232.195
https://doi.org/10.1007/s13760-022-02056-2
http://refhub.elsevier.com/S1360-8592(24)00372-3/sref27
http://refhub.elsevier.com/S1360-8592(24)00372-3/sref27
http://refhub.elsevier.com/S1360-8592(24)00372-3/sref28
http://refhub.elsevier.com/S1360-8592(24)00372-3/sref29
http://refhub.elsevier.com/S1360-8592(24)00372-3/sref29
http://refhub.elsevier.com/S1360-8592(24)00372-3/sref29
http://refhub.elsevier.com/S1360-8592(24)00372-3/sref30
http://refhub.elsevier.com/S1360-8592(24)00372-3/sref30
http://refhub.elsevier.com/S1360-8592(24)00372-3/sref30
https://doi.org/10.1123/jsep.35.6.655
https://doi.org/10.1371/journal.pone.0005614
https://doi.org/10.1371/journal.pone.0005614
https://doi.org/10.1186/s12199-017-0612-0
https://doi.org/10.1186/s12199-017-0612-0
https://doi.org/10.1111/jsm.12045
https://doi.org/10.1111/jsm.12045
https://doi.org/10.1007/s40519-019-00752-2
http://refhub.elsevier.com/S1360-8592(24)00372-3/sref37
http://refhub.elsevier.com/S1360-8592(24)00372-3/sref37
https://doi.org/10.1186/s12889-016-3028-7
https://doi.org/10.1186/s12889-016-3028-7
https://doi.org/10.1123/jsr.2017-0221
https://doi.org/10.1123/jsr.2017-0221
https://doi.org/10.1007/s10552-017-0869-z
https://doi.org/10.1007/s10552-017-0869-z
http://refhub.elsevier.com/S1360-8592(24)00372-3/sref43
http://refhub.elsevier.com/S1360-8592(24)00372-3/sref43
http://refhub.elsevier.com/S1360-8592(24)00372-3/sref43
https://doi.org/10.2466/06.08.PMS.111.4.278-284
https://doi.org/10.2466/06.08.PMS.111.4.278-284
http://refhub.elsevier.com/S1360-8592(24)00372-3/sref45
http://refhub.elsevier.com/S1360-8592(24)00372-3/sref45
https://doi.org/10.1007/s11695-016-2059-6
http://refhub.elsevier.com/S1360-8592(24)00372-3/sref47
http://refhub.elsevier.com/S1360-8592(24)00372-3/sref47
http://refhub.elsevier.com/S1360-8592(24)00372-3/sref48
http://refhub.elsevier.com/S1360-8592(24)00372-3/sref48
http://refhub.elsevier.com/S1360-8592(24)00372-3/sref48
https://doi.org/10.1007/s11695-021-05864-2
https://doi.org/10.1007/s11695-021-05864-2
https://www.ncbi.nlm.nih.gov/pubmed/18301356
https://www.who.int/news-room/fact-sheets/detail/obesity-and-overweight#:&tnqh_x223C;:text=For/20adults/2C/20WHO/20defines/20overweight,than/20or/20equal/20to/2030
https://www.who.int/news-room/fact-sheets/detail/obesity-and-overweight#:&tnqh_x223C;:text=For/20adults/2C/20WHO/20defines/20overweight,than/20or/20equal/20to/2030
https://www.who.int/news-room/fact-sheets/detail/obesity-and-overweight#:&tnqh_x223C;:text=For/20adults/2C/20WHO/20defines/20overweight,than/20or/20equal/20to/2030

	Investigation of physical parameters influencing body awareness in adults with obesity: An observational, controlled study
	1 Introduction
	1.1 Rationale
	1.2 Aim of the study

	2 Method
	2.1 Participants
	2.2 Measures
	2.2.1 Sociodemographic and clinical information
	2.2.2 Anthropometric measurements
	2.2.3 Body awareness
	2.2.4 Physical activity level
	2.2.5 Dynamic balance
	2.2.6 Joint position sense
	2.2.7 Reaction time

	2.3 Statistical analysis

	3 Results
	3.1 Sociodemographic and clinical characteristics
	3.2 Comparison of differences in anthropometric measurement values, body awareness, PA level, and dynamic balance
	3.3 Comparison of differences in joint position sense and reaction time
	3.4 Correlation of the body awareness score with PA level, dynamic balance, proprioception and reaction time

	4 Discussion
	4.1 Strengths of the study
	4.2 Limitations

	5 Conclusion
	Data availability
	Statement of the authors
	Funding
	Note
	CRediT authorship contribution statement
	Declaration of competing interest
	Acknowledgements
	References


