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ABSTRACT

Nowadays, obesity is a major problem in societies globally which not only causes complications and disorders in physiologic health of
obese persons, but also affects psychologic health and self-confidence adversely. In this research, we intended to compare cognitive-
executive functions of the frontal lobe of the brain and lifestyle self-efficacy in persons with different body mass indices (BMI). Three-
hundred subjects with different BMI values were recruited via convenience sampling method. The questionnaires used included the Wis-
consin Card Sorting Test, and the questionnaires for executive function disorder, lifestyle self-efficacy, and the general health. For data
analysis, descriptive indices (mean, frequency) were used and for inferential indices, analysis of variance (ANOVA) was applied. The re-
sults showed that there is significant (P= 0.05) difference regarding attention shifting between persons with different BMI values. In sub-
jects with different BMI values, cognitive functions are different, and reduced cognitive function was higher in those with higher BMI. Al-
so, lifestyle self-efficacy was lower significantly (P = 0.05) in obese subjects compared to those with normal weight. Persons with differ-

ent BMI values had different cognitive functions.
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1. INTRODUCTION

besity is a major problem for societies nowadays. It is a

metabolic disorder which results in 1.5-2 times more

morbidity and mortality rates compared to persons with
normal weight. This new condition is related to technology and
becomes more obvious everyday with changes in lifestyle, de-
creased physical activity, and changes in food tastes of people in
societies. The warnings made by medical societies about obesity
demonstrate the detrimental effects of obesity on health and its
contribution to sudden death (1). The prevalence of overweight
state and obesity in Iran is estimated to be 62.2% and 28%, re-
spectively. This epidemic reflects the changes in lifestyle and
behavioral patterns in the society. Overweight state and obesity
are assessed using body mass index (BMI) calculation. The
slope of BMI distribution is increasing in many countries as well
as in Iran. The overall prevalence of obesity in Iranian popula-
tion is higher than the US, the UK, France, the Netherlands, and
Italy (2). Several studies have noted that there is relationship

between obesity in children and attention-deficit hyperactivity
disorder (ADHD) (3, 4). Some researchers believe that de-
creased level of cognitive functions is the result of obesity (5).
Some studies have shown that low level of intellectual and cog-
nitive functions is a risk factor for overweight and obesity (5-7).
The World Health Organization (WHQ) has reported that there
are more than 300 million adult individuals with obesity world-
wide. About 115 million people living in developed countries,
Europe and the US have some degrees (15-25%) of obesity (8).
Obesity is rapidly developing to an epidemic in the US (9, 10).
With increasing rate of obesity, research studies are carried out
concurrently to prevent obesity and to promote health mainte-
nance techniques. This study highlights the assessment of dif-
ferent aspects of obesity. Another importance of this study is
that it studies a simple and cost-effective method, which if ap-
plied in an accurate and correct way in screening programs to
identify high risk individuals, has a considerable efficiency. Un-
desirable habits in lifestyle of children and adolescents, in par-
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ticular sedentary lifestyle, not only is a threat to the health of
this age group, but also endanger the society for increased rates
of non-communicable disease such as cardiovascular diseases,
diabetes, osteoporosis, psychologic disorders, and even some
malignancies (10, 11). One of the causes responsible in in-
creased rates of diseases mentioned earlier is obesity. Obesity is
the result of a wide range of factors such as poor dietary habits
and decreased physical activity (12). Therefore, identification of
related factors to obesity and making policy about how to con-
front to this problem can have a significant effect in decreasing
chronic diseases burden as well as costs resulted from treat-
ments of obesity (13). Azizi et al, in 2009 in a study titled “the
brain structure of the elderly with obesity” showed that the
frontal lobe of the brain in overweight patients is decreased in
size by 4% in comparison to peer-aged normal weight subjects.
This reduced brain sized was doubled (8% reduction in brain
tissue) in those with obesity. The frontal lobe of the brain has an
important role in attention and planning (13). In addition, evi-
dence demonstrates that higher levels of ADHD, Alzheimer’s
disease, cortical atrophy, and white matter disease exist in obese
patients. Medical conditions associated with obesity (e.g., brain
pathology, hypertension, and diabetes) are likely to cause poor
cognitive functions of the brain. This information also demon-
strates the harmful effect of high BMI on cognitive functions in
healthy persons and shows that high BMI may damage cogni-
tion (especially executive function), (14). The relationship be-
tween vascular and metabolic diseases is the result of central
(abdominal) obesity measured by WHR (waist-to-hip ratio).
Higher WHR and older age have negative relationship with hip-
pocampal size. In addition, increased WHR is associated with
decreased hippocampal size and increased white matter density.
Therefore, obesity causes brain aging. A concept which has
gained much attention in weight reduction programs is the Al-
bert Bandura self-efficacy concept. He believes that someone’s
estimation of his/her own ability in a particular situation affects
his/her decision in making actions and insistence on doing them.
This estimation is a silent and forgotten variable in behavioral
weight reduction programs (15). Self-efficacy, which is in-
creased during treatment, is a predictor index for weight reduc-
tion as well as a predictor of successful weight control pro-
grams. Those who experience fluctuations in their weight usual-
ly have lower levels of self-efficacy (16).

2. MATERIALS AND METHODS

Three-hundred adult subjects with age range of 19-57 years
who were literate, right-handed and healthy without past brain
injury history or metabolic diseases (e.g., diabetes) participated
at the study. Demographic data and medical history taking were
done using a questionnaire. In addition, data regarding physical
status and cognitive function of the subjects were gathered via
the General Health questionnaire and the Executive Function
Disorder Questionnaire as well as the Wisconsin Card Sorting
Test, respectively. The independent variable was BMI and the
dependent variable was attention shifting (the ability of change
in attention sources from one stimulus to another stimulus (17).
The data analysis was done using variance analysis to compare
the data. The samples were recruited via convenience sampling

method. The eligible samples were tested during 10 weeks in
Ibn-e- Sina doctors building in a room which was suitable for
the test. To calculate the sample size, standard variation in a
similar study was determined and 90 subjects were entered to
each group. BMI measurement was done according to its stand-
ard definition as dividing the body weight in kilograms by the
square of the height in meters using a computer (17). The sam-
ples, based on their BMI, were divided into three groups includ-
ing normal weight (BMI= 18.5-24.9), overweight (BMI= 25-
29.9), and obese (BMI >30), (18).

2.1. Exclusion criteria

1. If a person had depression or social function disorder (accord-
ing to the General Health questionnaire, considering cut-off
point= 7.5)

2. Having severe depression based on the General Health ques-
tionnaire (the 28-question form).

3. Having chronic neuro-cognitive diseases which affected cog-
nitive ability of the patient. Also stroke, brain injury, epilepsy,
and psychosis were among exclusion criteria (19).

4. Having neuro-cognitive and musculoskeletal disorders and
vascular diseases (uncontrolled hypertension and diabetes) dur-
ing the last year (19).

After we assured that the samples learned the Wisconsin Card
Sorting Test, data documentation was done by software and
cognitive function of the frontal lobe of the brain in three groups
was studied. The Wisconsin Card Sorting Test: This test has 64
cards, labeled with four figures (triangle, circle, star and cross).
The number of figures on each card varies from 1 to 4. This test
has three principles: shape (4 types), number (4 states), and col-
or (four colors). The combination of these three principles forms
64 states. In fact, each card represents a state and does not re-
peat. In this test, if the test taker continues categorization based
on former principle, despite principle change by computer, or
categorize the cards on a false assumption, he/she will develop
preservative error. Preservative error, in overall, is repetition of
a previously learned response against a new stimulus. Preserva-
tive error occurs in patients with the frontal lobe injury (20).
Cluster score varies between 0 and 6. Zero refers to patients who
do not understand the overall principle of the test at all. The
Wisconsin Card Sorting Test is a standard neuropsychological
test used to measure problem-solving skills, categorization, ab-
stract thinking, the ability to maintain concepts, and cognitive
flexibility which are related to the function of the frontal lobe of
the brain (21). The Wisconsin Card Sorting Test, as a criterion
for executive functions, is used when an external phenomenon is
used to guide the behavior. In addition, this test is used to assess
attention shifting (22, 23). In the current study, the computer
version of the Wisconsin Card Sorting Test was used. This test
was designed by Weber (according to Fallgatter and Strik in
1998) for abstract behavior and executive functions (24, 25). To
evaluate lifestyle self-efficacy, the Weight Efficacy Life-Style
(WEL) questionnaire was used. This questionnaire which has
been designed by Clark, has 20 items about eating behavior self-
efficacy in which the examinees state their confidence and relia-
bility in controlling and avoidance of eating behavior in various
tempting situations based on a 5-score Likert scale (no confi-
dence to very confident) (26). All items are scored directly and
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the score range varies from 0 to 80. This 20-item questionnaire
has 5 subscales and each subscale contains 4 items. Therefore,
this test has an overall score as well as 5 additional scores relat-
ed to each subscale. Cronbach’s alpha coefficient for 5 subscales
and the whole test has been reported between 0.7 and 0.9. The
validity of this test has been verified by confirmatory factor
analysis (27). In addition, reliability of this test was verified by
test-retest method with 2-week interval on 30 subjects and alpha
values for subscales and the whole test varied from 0.73 to 0.92.

3. RESULTS AND DISCUSSION

Demographic data and medical history taking were done using a
questionnaire. In addition, data regarding physical status and
cognitive function of the subjects were gathered via the General
Health questionnaire and the Executive Function Disorder Ques-
tionnaire as well as the neuropsychologic Wisconsin Card Sort-
ing Test, respectively. As depicted in Table 1, the study was
done on 260 adult subjects with a mean age of 35.11 years and
mean educational level equal to 12.41 years.

Table 1. Demographic data and sample description in three studied groups

Normal Overweight, Obese, mean Overall
weight, mean mean (SD)* (SD)* mean
(SDy*
Number 96 96 68 260
Percent 36.9% 36.9% 26.2% 100%
Age 33.58 (8.6) 35.83(8.3) 36.24+ (9.1) 35.11
Education 12.5 (2.4) 12.68 (1.6) 11.91+ (3.2) 12.41
Body mass 24.41 (3.1) 27.31(3.4) 32.71% (4.2) 27.65
index (BMI)
Waist-to-hip 0.87 (0.08) 0.89 (0.06) 0.87+ (0.07) 0.879
ratio

"SD= standard deviation

The subjects were divided into three groups as normal weight
(96 cases), overweight (96 cases) and obese ones (68 cases).
According to Table 1, mean BMI was 27.65 and mean waist-to-
hip ratio was 0.879. As presented in Table 2, according to one-
way analysis of variance (ANOVA) test, significant difference
(P= 0.05) is observed in terms of cognitive functions between
the three studied groups; those with higher BMI had more defi-
cits in executive functions.

Table 2. One-way analysis of variance (ANOVA) in the Executive Functions Disorder Test

df * Normal Overweight, Obese, F P
weight, mean mean value
mean (SD)** (SD)**

(SD) **
the Executive | 2 469 (3.49) 578 (4.211)  6.97% 329 004
Functions (4.071)
Disorder Test
“df= degree of freedom ; ™ SD= standard deviation

To determine attention-shifting functions in persons with differ-
ent BMI values, the difference in completed clusters of the Wis-
consin Card Sorting Test in the three studied groups was deter-
mined. To achieve this, comparison of the BMI data (normal
weight, overweight, and obese) was done with one-way ANO-

VA. According to the results of this test presented in Table 3, a
significant difference (p=0.04) exists between the studied
groups. Attention shifting function was better significantly in
normal weight subjects compared to overweight and obese cas-
es. This function was better in overweight subjects than in obese
cases. With increasing BMI, the score of attention shifting func-
tion decreased; in other words, the number of completed clusters
was less. To determine difference in correct responses to the
Wisconsin Card Sorting Test in the three studied groups, Wis-
consin software test was used. As seen in Table 3, regarding the
results of this test, a significant difference (P= 0.05) was ob-
served regarding number of correct answers in the Wisconsin
Card Sorting Test between the studied groups. In other words,
those who had normal weight had more correct answers com-
pared to those who were overweight.

Table 3. Analysis of variance (ANOVA) test to compare the completed clusters of correct and incor-
rect answers to The Wisconsin Card Sorting Test (WCST) in the three studied groups

Group Normal Overweight Obese F P
weight value*
Mean +SD Mean +SD mean+SD
Completed 3.90 £0.69 3.44 £0.94 3.32+1.22 4.465 0.05
clusters
Correct 43.73 39.42 £8.42 35.56+ 10.11 10.661 0.04
answers  to +6.09
WCST
Incorrect 15.96+ 20.58 £8.42 23.94+9.79 9.899 0.05
answers  to 6.47
WCST
P value < 0.05

Overweight subjects also had more correct answers compared to
obese cases. There was a significant difference (P= 0.05) regard-
ing incorrect answers in the Wisconsin Card Sorting Test. Those
with normal weight had less incorrect answers compared to
those who were overweight. Similarly, overweight subjects had
less incorrect answers in comparison to obese individuals. To
assess lifestyle self-efficacy in persons with different BMI val-
ues, mean scores of eating behavior self-efficacy dimensions
were compared between the three studied groups. As shown in
Table 4, mean scores of self-efficacy in social pressure dimen-
sion in normal weight, overweight, and obese persons were
11.6, 10.8, and 9.4, respectively.

Table 4. Comparison of mean scores of eating behavior self-efficacy dimensions in the three studied
groups (normal weight, overweight, and obese)

Group Normal weight Overweight Obese P value*
Self-efficacy in situa- Mean +SD Mean +SD)* Mean +SD

tion

Social pressure 11.6 +4.3 10.8 +4 9.4+55 0.04
Access to food 10.1+3.9 10.4£3.9 8.3+46 0.02
Positive excitements 12.5+4.4 11.8 £3.9 10.2+ 4.5 0.02
Negative excitements 12.4+ 3.6 125+ 4.2 114+ 45 0.2
Physical discomfort 12.8+3.3 13.2+3.5 12.0+4.01 0.4
Eating behavior as a 59.5+ 15.6 54.8+ 15.1 52.3+18.2 0.01
whole

*P<0.05
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Mean score of this dimension was higher in obese cases com-
pared to other two groups, and the difference was significant
(P= 0.04) based on ANOVA test. The Tukey post-hoc test
showed that mean score of self-efficacy in situations with social
pressure is different in obese cases compared to other two
groups. Mean score of self-efficacy in access to food was lower
in obese subjects compared to other two groups (P= 0.02). The
Tukey post-hoc test showed that mean score of self-efficacy in
access to food is significantly different in obese cases compared
to other two groups. Mean score of self-efficacy in positive ex-
citement, similar to previous dimension, was lower in obese
cases than in other two groups (P= 0.02). The Tukey post-hoc
test showed that mean score of self-efficacy in positive excite-
ments is significantly different in obese cases compared to those
with normal weight. Mean score of self-efficacy in negative
excitements dimension was lower in obese cases compared to
other two groups and less self-efficacy was reported in this
group, but the difference was not statistically significant (P=
0.2). The results of self-efficacy in physical discomfort showed
that mean score of self-efficacy in this dimension was lower in
obese cases. But, this difference was not statistically significant
(P= 0.4, ANOVA test). Regarding the total score of behavior
self-efficacy, the results showed that mean scores in the three
studied groups were 59.5, 54.8, and 52.3, respectively. Mean
total score was lower in obese cases in comparison to other two
groups (P= 0.01). Post-hoc test also demonstrated that total
score of self-efficacy in obese cases showed significant differ-
ence with those with normal weight, but the difference was not
significant when comparing with two groups. Logistic regres-
sion analysis to determine predictive value of five dimensions of
weight efficacy lifestyle was done. The results showed that only
two factors (i.e., access to food and positive excitements) could
predict overweight state and obesity. Correlation coefficient
value between variables showed that 26% variance of dependent
variable is related to these two variables. Evaluation of the over-
all model showed that fitness was acceptable (P= 0.02). The
results of the current study showed that attention-shifting func-
tion, which is determined by the Wisconsin Card Sorting Test,
was significantly better in normal weight subjects compared to
overweight ones. In addition, this function was better in over-
weight group than in obese cases. There was a specific trend, as
with increasing BMI the score of attention shifting function de-
creased, correct answers decreased, and incorrect answers in-
creased. These results are comparable to former studies. For
example, Liou noted that there is a reciprocal relationship be-
tween BMI and basic metabolism in pre-frontal areas of the
brain and a positive relationship between metabolism of pre-
frontal areas and cognitive function as well as memory. These
findings were also observed in the current research (28). The
results of Azizi et al, study showed that harmful effects of obesi-
ty were only observed in males. However, in our study attention
shifting function was significantly better in normal-weight sub-
jects compared to overweight and obese cases in both genders
(29). Liou showed that BMI of greater than 30 is associated with
cognitive function deficit including executive function, atten-
tion, and memory (28). Considering significant lower score of
self-efficacy in access to food and social pressure dimensions in

obese cases, there is relationship between weight self-efficacy
lifestyle and obesity in the mentioned dimensions, but no signif-
icant difference was seen regarding negative excitements and
physical discomfort. In agreement with these findings, the re-
sults of Burke et al. study showed that access to food (13.9%),
eating in response to positive excitements (13%0, and familial
and social situations (13%) were the most important causes of
difficulty in achieving successful outcomes in weight reduction
programs. This implies lack of behavior control and low effica-
cy in these situations (30). In another study carried out in Tur-
key on obese individuals, it was observed that high score in eat-
ing behavior self-efficacy was associated with more weight loss
and low self-efficacy of positive excitements was associated
with discontinuing dietary regimens and experiencing weight
gain (31). Hoy et al. study showed that general self-efficacy
score increased from 16.7 to 26.7 and eating behavior self-
efficacy score increased from 45.6 to 76.5 from pre-intention
stage to behavior preservation state (32, 33).

4. CONCLUSION

According to the obtained results in the current study and com-
parison of these findings with other studies, it can be conferred
that in persons with different BMI values, cognitive functions
are different. Reduced cognitive function is seen in those with
higher BMI values. Therefore, increase in weight and BMI, as
an independent risk factor, can has considerable effect on
memory decline and reduced cognitive function of people 9 the
current study was done on those who aged less than 60 years).
In addition, it is concluded that lifestyle self-efficacy is signifi-
cantly lower in obese subjects compared to those with normal
weight.
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