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Abstract
Background and purpose  Recent research demonstrates a significant relationship between weight status and impaired reaction 
time in young, adult, and elderly individuals. However, most such studies were performed on small samples, used only body 
mass index as the body obesity index, used simple reaction time, and oftentimes did not consider some potential confounders 
such as age, socioeconomic status, or physical activity in their studies. The present study explored the relationship between 
various reaction time tasks and various obesity indices in a sample of youth.
Methods  Two hundred and thirty-four young males (19–24 years) underwent standard anthropometry, various information 
processing tasks (e.g., clinical reaction time, simple audio and visual reaction time, and choice reaction time), as well as an 
inhibitory control task (congruent and incongruent Simon reaction time).
Results  Results revealed no significant relationship between any of the information processing tests and body mass index, 
nor for fat percentage, waist circumference, and waist-to-height ratio after adjustment for potential confounders. A weak 
positive association was observed only between congruent Simon reaction time (but not incongruent Simon reaction time) 
and waist circumference in participants (t value = 0.199; Std error = 0.0014; p = 0.047; Cohen’s f2 = 0.09).
Conclusion  Inhibitory control, but not information processing speed, was associated only with waist circumference in appar-
ently healthy young men.
Level of evidence  Level I, experimental study.
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Abbreviations
BMI	� Body mass index
4-choice RT	� 4-Choice reaction time
PA	� Physical activity
SDLT	� Sport during leisure time

PADLES	� Physical activity during leisure exclud-
ing sport

RT	� Reaction time
RTclin	� Clinical reaction time
Simple visual RT	� Simple visual reaction time
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Simple audio RT	� Simple audio reaction time
Congruent RT	� Simon congruent reaction time
Incongruent RT	� Simon incongruent reaction time
WHtR	� Waist-to-height ratio

Introduction

The increasing prevalence of obesity is a significant public 
health concern, especially as recent research demonstrates 
a significant relationship between obesity and cognitive 
impairment [1]. However, there is little, and what is con-
sidered controversial evidence, for the association between 
weight status and some cognitive tasks, especially in young 
people.

Information processing speed, which is assessed using 
time tests such as reaction time (RT), is one of the oldest 
diagnostic methods used in modern psychology, and the first 
examinations of this parameter date back to the nineteenth 
century [2]. RT is the time interval between the application 
of a stimulus and the appearance of appropriate voluntary 
response by a subject, and which challenges relatively sim-
ple cognitive operations [3]. It has been shown that RT is 
associated with health and general cognitive ability [4] and 
can be used as a sensitive cognitive test in both healthy indi-
viduals and patients [3–8]. While there is evidence which 
suggests an obesity–impaired cognition relationship [9–15], 
the relationship between weight status and information pro-
cessing speed remains ambiguous [16–18].

Skurvydas et al. [10] observed that young males from a 
group with greater body mass index (BMI) (≥ 25) reacted 
significantly slower in simple RT than their peers with nor-
mal BMI. Nene et al. [13] compared audio and visual RT 
among a sample of young females with lower BMI (< 18.5), 
normal BMI, and greater BMI (≥ 25), and observed that sub-
jects with lower BMI (but not subjects with greater BMI) 
performed worse at visual RT than their normal weight 
peers. Deore et al. [11] found that both underweight and 
overweight young females were inferior while perform-
ing simple visual RT in comparison to their normal weight 
peers. Esmaeilzadeh [16] found no association between sim-
ple clinical RT (RTclin) and various obesity indices (either 
central or overall) in a sample of 7–11-year-old boys. In 
another study, Moradi and Esmaeilzadeh [17] observed a 
significant association only between fat percentage and vis-
ual RT in a sample of 9–11-year-old boys. They concluded 
that information processing speed impairment due to greater 
adiposity, which has been reported in the literature, may not 
be observed for some types of obesity indices or RT tasks 
during childhood.

Regarding the recently reported relationship between 
weight status and information processing speed tests some 
points should be stated. First, most of the previous studies 

investigating the relationship between weight status and 
information processing speed included a small sample of 
participants [9–11, 13–15] and used only overall obesity 
indices such as BMI [9–11, 13–15]. BMI can be influenced 
by several factors and indices, such as central obesity, which 
is more closely linked to some adverse health outcomes 
than BMI [19], and subcutaneous fat skinfold has been sug-
gested as a more reliable general obesity index than BMI 
[20]. Therefore, obesity indices may relate differentially to 
changes in cognitive function over time. In addition, some 
previous studies did not consider potential confounders such 
as age, socioeconomic status, and physical activity (PA) life-
style patterns [9–11, 13–16, 21], while socioeconomic status 
is strongly associated with cognitive ability and achievement 
during childhood and beyond [22, 23]. Furthermore, it has 
been shown that athletes are better able to respond quickly to 
a presented stimulus [24] while physically active individuals 
are capable of allocating more attentional resources toward 
the environment [25, 26]. A person’s information processing 
speed and quality can be evaluated using one (e.g., simple 
RT) or more (e.g., choice RT) stimuli, with more stimuli 
causing greater stress on decision making and leading to 
prolonged RT [27]. However, most of the studies underlying 
the association between information processing tasks and 
weight status have used only simple RT [10, 11, 13, 16–18, 
21] and reported controversial results especially in young 
people [16–18, 21]. However, it should be noted that infor-
mation processing tasks with more stimuli such as choice RT 
have rarely been used [15], and it may be possible that the 
results for cognitive tasks by greater stimuli are different in 
relation to weight status in young people [12, 15]. Therefore, 
it would be interesting to explore not only simple RT but 
also choice RT in relation to weight status in young people.

Inhibitory control is the ability to prevent planned or 
ongoing, although inappropriate actions, in a given situation 
and plays an important role in choosing proper behaviours in 
daily life [7, 8]. Like information processing speed, inhibi-
tory control task has different levels of difficulty. Inhibitory 
control task is the difference in RT between the trials in 
which response and stimuli are relevant (congruent), and 
trials in which response and stimuli are irrelevant (incongru-
ent). In general, responses are slower and less accurate when 
the response and stimuli are irrelevant [7, 8]. A few studies 
have reported the negative effect of adiposity on inhibitory 
control in young people [12, 28, 29], but a few measured 
both central and overall obesity indices [29] or included pos-
sible covariates such as socioeconomic status and PA [12].

Therefore, based on the mentioned literature above, 
there is needed for further research regarding the associa-
tion between weight status for not only simple cognitive 
tasks (i.e., simple RT), but also tasks with greater stimuli 
(i.e., choice RT, congruent RT, and incongruent RT) among 
young people.
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Following this context, the purpose of the present study 
was to examine whether there are associations between vari-
ous cognitive tasks (simple or complex) and obesity indices 
(central or overall), while controlling for potential confound-
ers such as age, socioeconomic status, and PA among a sam-
ple of apparently healthy youth.

Methods

Participants and procedure

This cross-sectional study was conducted with students, 
19–24-year-old, studying at the University of Mohaghegh 
Ardabili in the centre of Ardabil Province, North West Iran, 
during 2015 and 2016. Due to sociocultural problems, only 
male volunteers were considered. The procedure of the study 
was explained to the students (n = 481) and they were invited 
to participate in the study. 154 students were not included 
in the study due to exclusion criteria such as: not being 
19–24-year-old, daily smoking, alcohol abuse, heavy caf-
feine use, medication intake, drug abuse, reported medical 
illness, history of endocrine disorder, or cardiovascular dis-
ease. Therefore, 327 eligible students who signed the writ-
ten consent participated in the study. As 93 students did not 
complete all the measurements, or left the study, the statisti-
cal analyses were done using only complete data (n = 234). 
On the days of the experiments, participants were instructed 
to avoid caffeine drinks [30] and PA [27]. After anthropo-
metric (e.g., height, weight, waist and hip circumference, 
and fat percentage) and sociodemographic data collection 
(e.g., age and socioeconomic status), participants were 
familiarized with the procedure of the RT tests. RT Tasks 
were performed in a quiet room. Experimental sessions were 
conducted between 14:30 and 18:00, and consisted of 5 RT 
tasks performed in the same order for all participants as fol-
lows: clinical RT (RTclin), simple visual RT, simple audio 
RT, 4-choice reaction time, and Simon task. To prevent 
fatigue, after each task participants rested for 5 min [31]. 
Response accuracy was recorded for each trial and error tri-
als were excluded from the analysis.

The study design was approved by the Human Ethics 
Committee of the University of Mohaghegh Ardabili, and 
the experiment was performed in accordance with the ethical 
standards of the committee and the Helsinki Declaration.

Anthropometric variables

Subjects’ weight was measured in underwear and without 
shoes on an electronic scale (Type SECA 861) to the nearest 
0.1 kg, and height was measured barefoot in the Frankfurt hor-
izontal plane using a telescopic height measuring instrument 

(Type SECA 225) to the nearest 1 mm. Four obesity indices 
were measured:

•	 indices indicating overall obesity: BMI and fat percentage
•	 indices indicating central obesity: waist circumference and 

waist to height.

BMI was calculated as body weight in kilograms divided 
by the square of height in meters.

A Lange skinfold caliper was used to assess body fat per-
centage. Fat percentage was determined from the average of 
three measures of the thickness of three sites on the right side 
of the body (chest, abdomen, and thigh) and calculated accord-
ing to the Jackson–Pollock method [32].

Waist circumference was measured at a point immedi-
ately above the iliac crest on the midaxillary line, at minimal 
respiration to the nearest 0.1 cm [33]. Waist circumference 
was divided by height to determine the waist-to-height ratio 
(WHtR).

Possible confounders

Physical activity (PA) was measured using the 12-month recall 
Baecke PA questionnaire [34] as a valid and reliable PA inven-
tory [35]. The questionnaire consisted of 16 questions organ-
ized in three sections: PA at work, PA during leisure excluding 
sport (PADLES) and sport during leisure time (SDLT). Since 
almost all students were not working, the work section was 
excluded. Questions in each section were scored on the 5-point 
Likert scale (always, often, sometimes, seldom, and never).

Socioeconomic status was computed from parents’ edu-
cation and occupational status [36, 37]. Monthly house-
hold income was separated into the following income 
categories, counted in Iranian Rial (note 1 USD equals 
approximately 37,000 Iranian Rial): 1 ≤ 4,000,000 Rial; 
2 = 4,000,000–8,000,000 Rial; 3 = 8,000,000–12,000,000 
R i a l ;  4  =  1 2 , 0 0 0 , 0 0 0 – 1 6 , 0 0 0 , 0 0 0  R i a l ; 
5 = 16,000,000–20,000,000 Rial; 6 = 20,000,000–25,000,000 
R i a l ;  7  =  2 5 , 0 0 0 , 0 0 0 – 3 0 , 0 0 0 , 0 0 0  R i a l ; 
8 = 30,000,000–40,000,000 Rial; 9 = 40,000,000–50,000,000 
Rial; 10 ≥ 50,000,000 Rial.

The highest educational level attained by either parent 
was collapsed into the following categories: 0 = no educa-
tion; 1 = elementary; 2 = secondary 3 = incomplete high 
school 4 = completed high school; 5 = bachelor’s degree 
6 = Master of Science/Arts; 7 = PhD, Doctoral, etc.

Reaction time (RT)

Simple visual RT and 4‑choice RT

Participants performed the Deary–Liewald computer-based 
RT which included simple visual RT and 4-choice RT tasks 
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[4]. The simple visual RT task involved 8 practice trials and 
20 test trials. The participants were requested to respond 
(press space bar) to a single stimulus as quickly as possible 
(response range from 150 to 1500 ms; inter-stimulus inter-
val from 1000 to 3000 ms). The 4-choice RT task involved 
8 practice trials followed by 40 test trials. For the 4-choice 
RT, the participant was requested to press the key that cor-
responded to the correct response to four different stimuli 
(response range from 200 to 1500 ms; inter-stimulus interval 
from 1000 to 3000 ms). Response accuracy for the 4-choice 
RT task was 0.93.

Simple audio RT

Each subject completed 8 practice trials and 20 data acqui-
sition trials using RT software installed on a laptop [17]. 
When performing simple audio RT (response range from 150 
to 1500 ms; inter-stimulus interval from 1000 to 3000 ms), 
the participants were requested to press a default key (space 
bar) as soon as possible, using the index finger, which was in 
contact with the key, every time the subject heard a “beep” 
sound. Headphones were provided for clarity of sound.

Clinical reaction time (RTclin)

In addition to the above-computerized simple visual RT 
and simple audio RT tests we took a new clinical meas-
ure of RT (RTclin) which has been recently developed and 
validated [38]. Each subject participated in simple RTclin 
testing using an RTclin apparatus [16, 17]. The apparatus 
for measuring RTclin is a measuring stick, coated in high-
friction tape and marked by 5 mm increments, 0.8 m long, 
which is embedded in a weighted rubber disk. The distance 
that the apparatus fell before being caught by the subject 
was recorded in meters (m). The formula for a body falling 
under the influence of gravity (t = 0.45 ×

√

d) for each trial 
was used to calculate RTclin in seconds (s), where “d” is for 
distance (meters) and “t” is for time (seconds). Each partici-
pant executed four practice trials followed by ten trials for 
data acquisition. For each participant, mean (SD) baseline 
RTclin values were calculated.

Simon task

A small, white square was posited in the center of the display 
which remained throughout the trials (n = 100) as a gaze-
fixation point [39]. The subjects were requested to respond 
as accurately and quickly as possible to the color of an oval 
(delivered either to the right or to the left of the white gaze-
fixation square) by pressing the appropriate response key. 
The task included two equiprobable trial types as follows: 
congruent trials in which the spatial location of the stimulus 
corresponded to the task-relevant aspect of the stimulus (for 

example: right stimulus/right response) and the incongruent 
trials in which the spatial location of the stimulus corre-
sponded to the opposite spatial location of the response (for 
example: right stimulus/left response). The program [39] 
had been designed to save only true responses; therefore, 
response accuracy for the Simon task was 1.0.

Statistical analysis

Before further analysis, all data were checked for outliers 
using graphical models such as boxplot, and normality was 
cheeked using the Kolmogorov–Smirnov test and graphi-
cal models such as histograms and Q–Q plots. The initial 
Pearson product–moment correlations were conducted on 
RT tasks, demographic variables (age and socioeconomic 
status), and PA (SDLT and PADLES). Any variable which 
exhibited a significant correlation with the dependent vari-
able (cognitive tasks) was included as a covariate in the 
regression analyses. For exploring the association between 
the obesity indices and the RT tasks, four regression mod-
els were conducted as follows: (1) ordinary multiple linear 
regression analyses with non-transformed data; (2) ordinary 
multiple linear regression with transformed data (accord-
ing to the results of Table 1) using the natural logarithm 
(transformation by exponential value); (3) a generalized 
gamma regression with a link to a non-normal distribution; 
(4) robust regression with non-transformed data. All calcula-
tions were performed using R-3.5.1 program or SPSS v.21.0 
software for Windows. Package “robust” and “rsq” were 
installed in the R program for conducting robust regression 
analysis and r-squared for gamma regression, respectively. 
The significance level was set at p ≤ 0.05.

Results

General characteristics of the participants are shown in 
Table 1. According to the results of Kolmogorov–Smirnov 
test (Table 1), simple visual RT, simple audio RT, 4-choice 
RT, congruent RT, incongruent RT, SDLT, and also socio-
economic status were transformed using natural logarithm 
for using in the parametric statistics (i.e., Pearson moment 
correlation and multiple linear regression analysis).

Pearson product moment correlation (Table 2) indicated 
a significant relationship between simple visual RT and 
SDLT, while 4-choice RT was significantly correlated with 
socioeconomic status, and congruent RT was significantly 
correlated with SDLT. Incongruent RT was significantly 
associated with age, socioeconomic status, and SDLT.

Multiple linear regression analysis by including non-
transformed data and after adjustment for possible confound-
ers showed no significant relationship between any of the 
obesity indices and RT tasks except for a positive association 
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between waist circumference and congruent RT (standard-
ized β = 0.196; p = 0.025; Table 3).

Multiple linear regression analysis by including trans-
formed data and after adjustment for possible confounders 
revealed no significant relationship between any of the obe-
sity indices and RT tasks except for a positive association 
between waist circumference and congruent RT (standard-
ized β = 0.193; p = 0.03; Table 4).

Generalized gamma regression analysis after adjustment 
for possible confounders indicated no significant relation-
ship between any of the obesity indices and RT tasks except 
for a positive association between waist circumference and 
congruent RT (t value = 0.199; Std error = 0.0014; p = 0.047; 
Table 5). For interpreting the observed significant asso-
ciation between waist circumference and congruent RT, 

Cohen’s f2 [40] was used (i.e., 0.02 = small, 0.15 = medium, 
0.35 = large). For this mean, we calculated r square for the 
association between waist circumference and congruent RT 
using “rsq” package in the R program and then calculated 
effect size using the following formula: r2/(1 − r2). Since 
the calculated effect size value for the association between 
waist circumference and congruent RT was 0.09, so there 
is a weak association between waist circumference and 
congruent RT and this means that small part of variance is 
explained by these data.

Robust regression analysis after adjustment for possible 
confounders revealed no significant relationship between any 
of the obesity indices and RT tasks (Table 6).

For further exploring the association between waist 
circumference and congruent RT, we explored the 

Table 1   General characteristics 
of the participants and 
normality of the measured 
variables

K–S Kolmogorov–Smirnov, BMI body mass index, SDLT sport during leisure time obtained using Baecke 
physical activity questionnaire, PADLES physical activity during leisure excluding sport which obtained by 
using Baecke physical activity questionnaire, RT reaction time, RTclin clinical reaction time, WHtR waist-to-
height ratio, Q3 quartile three
a Outliers were detected using boxplot in the SPSS program

Variables Mean (SD) K–S (p) Outliers before transformation Outliers after 
transformation

No of outliersa Direction No of outliersa

Age (year) 20.2 (1.5) 0.15 None
SDLT 2.7 (0.75) 0.03 1 Highly above the Q3 None
PADLES 2.7 (0.6) 0.04 1 Highly above the Q3 None
Fat percentage 21.5 (10.7) 0.32 1 Highly above the Q3 None
BMI (kg/m2) 22.4 (3.5) 0.20 1 Highly above the Q3 None
Waist circumference (m) 0.83 (0.10) 0.19 None
WHtR 0.396 (0.06) 0.08 2 Highly above the Q3 None
RTclin 200.9 (20.7) 0.38 None
Simple visual RT 300.6 (33.8) < 0.01 4 Highly above the Q3 None
Simple audio RT 323.4 (64.6) < 0.01 2 Highly above the Q3 None
4-Choice RT 482.4 (58.8) < 0.01 1 Highly above the Q3 None
Congruent RT 535.9 (91.8) < 0.01 3 Highly above the Q3 None
Incongruent RT 582.9 (91.9) < 0.01 1 Highly above the Q3 None

Table 2   Relationship between 
RT tasks and demographic 
variables and PA

Natural logarithm of simple visual RT, simple audio RT, 4-choice RT, congruent RT, Incongruent RT, 
socioeconomic status, and SDLT were used in the model
RT reaction time, PADLES physical activity during leisure excluding sport obtained by using Baecke physi-
cal activity questionnaire, RTclin clinical reaction time, SDLT sport during leisure time obtained using Bae-
cke physical activity questionnaire
*Significant at p < 0.05, **significant at p < 0.01

RTclin Simple visual RT Simple audio RT 4-Choice RT Congruent RT Incongruent RT

Age 0.03 0.05 0.10 0.08 0.13 0.18*
Socioeco-

nomic 
status

− 0.06 − 0.06 0.03 − 0.25** − 0.11 − 0.17*

SDLT 0.04 − 0.07 − 0.21* − 0.09 − 0.18* − 0.21*
PADLES 0.05 0.05 − 0.07 − 0.03 − 0.10 − 0.11
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distribution of both waist circumference and congruent RT. 
For this mean, we used two-sample Kolmogorov–Smirnov 
test to observe the distribution of both waist circumference 
and congruent RT in comparison to the simulated gamma 
distribution generated by R program (Fig. 1). The two-
sample Kolmogorov–Smirnov test showed gamma distri-
bution for both waist circumference (p = .62) and congru-
ent RT (p = .23) in comparison to the simulated gamma 

distribution. Therefore, the results of this test affirm that 
the results of generalized gamma regression observed for 
the association between waist circumference and con-
gruent RT are acceptable in comparison to the results of 
robust regression.

Table 3   Multiple linear regression analysis between RT tasks and 
obesity indices by including non-transformed data and after adjust-
ment for possible confounders

RT reaction time, RTclin clinical reaction time, WHtR waist-to-height 
ratio
a The model adjusted for SDLT (SDLT is sport during leisure time 
obtained by using Baecke physical activity questionnaire)
b The model adjusted for socioeconomic status
c The model adjusted for age, socioeconomic status, and SDLT

Multicollinearity 
statistics

Standardized β p

Tolerance VIF

BMI
 RTclin 1.00 1.000 0.07 0.40
 Simple visual RT 1.00 1.000 − 0.02 0.83
 Simple audio RTa 0.99 1.004 − 0.02 0.87
 4-Choice RTb 1.00 1.000 − 0.10 0.25
 Congruent RTa 0.99 1.004 0.07 0.42
 Incongruent RTc 0.96 1.050 − 0.04 0.60

Fat percentage
 RTclin 1.00 1.000 0.13 0.09
 Simple visual RT 1.00 1.000 0.11 0.17
 Simple audio RTa 0.99 1.004 − 0.06 0.52
 4-Choice RTb 0.99 1.014 0.07 0.42
 Congruent RTa 0.99 1.004 0.14 0.10
 Incongruent RTc 0.98 1.016 0.06 0.51

Waist circumference
 RTclin 1.00 1.000 0.13 0.10
 Simple visual RT 1.00 1.000 0.06 0.41
 Simple audio RTa 0.99 1.011 − 0.05 0.54
 4-Choice RTb 0.99 1.006 − 0.001 0.99
 Congruent RTa 0.99 1.009 0.20 0.02
 Incongruent RTc 0.97 1.026 0.09 0.27

WHtR
 RTclin 1.00 1.000 0.06 0.42
 Simple visual RT 1.00 1.000 − 0.02 0.75
 Simple audio RTa 1.00 1.000 − 0.02 0.80
 4-Choice RTb 1.00 1.002 − 0.90 0.29
 Congruent RTa 1.00 1.007 0.075 0.40
 Incongruent RTc 0.95 1.049 − 0.05 0.52

Table 4   Multiple linear regression analysis between RT tasks and 
obesity indices by including transformed data and after adjustment 
for possible confounders

Natural logarithm of simple visual RT, simple audio RT, 4-choice RT, 
congruent RT, incongruent RT, socioeconomic status and SDLT were 
used in the model
RT reaction time, RTclin clinical reaction time, WHtR waist-to-height 
ratio
a The model adjusted for SDLT (SDLT is sport during leisure time 
obtained by using Baecke physical activity questionnaire)
b The model adjusted for socioeconomic status
c The model adjusted for age, socioeconomic status, and SDLT

Multicollinearity 
statistics

Standardized β p

Tolerance VIF

BMI
 RTclin 1.00 1.000 0.07 0.40
 Simple visual RT 1.00 1.000 − 0.02 0.81
 Simple audio RTa 0.99 1.004 0.001 0.98
 4-Choice RTb 1.00 1.000 − 0.11 0.20
 Congruent RTa 0.99 1.004 0.07 0.41
 Incongruent RTc 0.96 1.050 − 0.05 0.59

Fat percentage
 RTclin 1.00 1.000 0.13 0.09
 Simple visual RT 1.00 1.000 0.10 0.10
 Simple audio RTa 0.99 1.004 − 0.04 0.65
 4-Choice RTb 0.99 1.009 0.05 0.53
 Congruent RTa 0.99 1.004 0.14 0.11
 Incongruent RTc 0.99 1.023 0.07 0.39

Waist circumference
 RTclin 1.00 1.000 0.13 0.10
 Simple visual RT 1.00 1.000 0.05 0.49
 Simple audio RTa 0.98 1.011 − 0.06 0.51
 4-Choice RTb 0.99 1.002 − 0.01 0.93
 Congruent RTa 0.98 1.017 0.19 0.03
 Incongruent RTc 0.97 1.032 0.12 0.16

WHtR
 RTclin 1.00 1.000 0.06 0.42
 Simple visual RT 1.00 1.000 − 0.03 0.72
 Simple audio RTa 1.00 1.000 − 0.01 0.91
 4-Choice RTb 1.00 1.000 − 0.10 0.22
 Congruent RTa 1.00 1.000 0.07 0.43
 Incongruent RTc 0.95 1.058 − 0.05 0.52
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Discussion

The present study aimed to explore the relationship between 
various reaction time tasks and various obesity indices in a 
sample of youth. The results revealed no association between 
various information processing tests (i.e., simple and choice 
RT) and obesity indices among young male participants. 
However, we observed a weak positive association between 
waist circumference and congruent RT (but not incongruent 
RT) in young men.

It has been proven that different fat compartments carry 
differential metabolic risks [41], and there is growing evi-
dence that visceral fat and abdominal obesity are more 
correlated with individuals’ physical and mental health 

outcomes than global body mass [29, 33, 42, 43]. However, 
limited data exist regarding these concepts in association 
with cognitive function, especially in healthy young indi-
viduals [29, 42].

Although it has been reported that obesity is negatively 
related to cognitive function [44], this relationship may not 
be significant for all tasks and obesity indices [12, 16–18, 45, 
46] and even a reverse relationship may be observed between 
adiposity and some simple tasks in healthy people [21, 46]. 
In 2014, Grantham and Henneberg [21] reported that it is 
not necessarily appropriate to consider body adiposity as a 
negative factor influencing neuromuscular RT performance, 
as body lipid reserves are integral to the development of 
the nervous system (e.g., the development of myelin nerve 

Table 5   Generalized gamma regression analyses between RT tasks 
and obesity indices after adjustment for possible confounders

RT reaction time, RTclin clinical reaction time, WHtR waist-to-height 
ratio
a The model adjusted for SDLT (SDLT is sport during leisure time 
obtained by using Baecke physical activity questionnaire)
b The model adjusted for socioeconomic status
c The model adjusted for age, socioeconomic status, and SDLT

Estimate Std. error t value p

BMI
 RTclin 0.0018 0.0025 0.841 0.401
 Simple visual RT − 0.0006 0.0027 − 0.240 0.811
 Simple audio RTa 0.0001 0.0052 0.023 0.982
 4-Choice RTb − 0.004 0.0033 − 1.404 0.163
 Congruent RTa 0.0039 0.0043 0.892 0.374
 Incongruent RTc − 0.0019 0.0039 − 0.491 0.624

Fat percentage
 RTclin 0.0014 0.0008 1.705 0.090
 Simple visual RT 0.0012 0.0010 1.283 0.201
 Simple audio RTa − 0.0009 0.0020 − 0.443 0.658
 4-Choice RTb 0.0007 0.0011 0.667 0.506
 Congruent RTa 0.0026 0.0016 1.551 0.123
 Incongruent RTC 0.0013 0.0015 0.877 0.382

Waist circumference
 RTclin 0.0013 0.0015 0.877 0.382
 Simple visual RT 0.0006 0.0009 0.689 0.492
 Simple audio RTa − 0.0011 0.0018 − 0.652 0.515
 4-Choice RTb − 6.753e−05 9.830e−04 − 0.069 0.945
 Congruent RTa 0.0030 0.0014 1.999 0.047
 Incongruent RTc 0.0019 0.0014 1.365 0.175

WHtR
 RTclin 0.0161 0.0998 0.161 0.872
 Simple visual RT − 0.0588 0.1207 − 0.488 0.627
 Simple audio RTa − 0.0187 0.3134 − 0.060 0.952
 4-Choice RTb − 0.2200 0.1254 − 1.750 0.089
 Congruent RTa 0.2167 0.2494 0.869 0.387
 Incongruent RTc − 0.1211 0.2253 − 0.537 0.592

Table 6   Robust regression analysis between RT tasks and obesity 
indices after adjustment for possible confounders

RT reaction time, RTclin clinical reaction time, WHtR waist-to-height 
ratio
a The model adjusted for SDLT (SDLT is sport during leisure time 
obtained by using Baecke physical activity questionnaire)
b The model adjusted for socioeconomic status
c The model adjusted for age, socioeconomic status, and SDLT

Estimate Std. error t value p

BMI
 RTclin 0.385 0.461 0.836 0.404
 Simple visual RT 0.264 0.636 0.415 0.679
 Simple audio RTa − 1.798 1.136 − 1.583 0.116
 4-Choice RTb − 1.468 1.910 − 0.769 0.444
 Congruent RTa 1.351 2.355 0.574 0.567
 Incongruent RTc − 3.321 3.236 − 1.026 0.307

Fat percentage
 RTclin 0.293 0.176 1.661 0.099
 Simple visual RT 0.407 0.241 1.691 0.093
 Simple audio RTa − 0.557 0.430 − 1.295 0.198
 4-Choice RTb 0.429 0.694 0.618 0.538
 Congruent RTa 0.132 0.942 0.140 0.889
 Incongruent RTc − 0.826 1.263 − 0.654 0.514

Waist circumference
 RTclin 0.245 0.186 1.317 0.190
 Simple visual RT 0.359 0.215 1.669 0.097
 Simple audio RTa − 0.248 0.385 − 0.645 0.520
 4-Choice RTb 0.142 0.597 0.239 0.812
 Congruent RTa 0.557 0.857 0.650 0.517
 Incongruent RTc − 1.555 1.201 − 1.294 0.198

WHtR
 RTclin 3.173 20.819 0.152 0.879
 Simple visual RT 7.144 27.957 0.256 0.799
 Simple audio RTa − 82.670 64.398 − 1.284 0.202
 4-Choice RTc − 103.146 78.860 − 1.308 0.193
 Congruent RTa 95.280 133.470 0.714 0.477
 Incongruent RTc − 193.500 193.497 − 1.000 0.319
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sheath) and thus improved RT, even amongst individuals 
within healthy weight ranges. Gunstad et al. [45] observed 
no association between elevated BMI and various cognitive 
functioning tasks in a relatively large number of 6–19-year-
old healthy participants and suggested further similar studies 
to clarify the inconsistent results between adults and younger 
individuals. However, in another study they observed a sig-
nificant negative effect of obesity on cognitive function (e.g., 
inhibitory control) among a sample of adults [28]. Kamijo 

et al. [12], in a study exploring the association between an 
inhibitory control task and adiposity, observed that children 
with greater BMI and fat mass showed worse performance 
on the incongruent RT. However, they observed no associa-
tion between congruent RT and adiposity.

According to our knowledge, there are a few studies which 
explore the association between cognitive function and both 
central and overall obesity indices among young people and 
most studies have used overall obesity indices such as BMI 

Fig. 1   Distribution of WC and Simon congruent RT in comparison 
with the simulated gamma distributions. Distribution of waist cir-
cumference and Simon congruent RT in comparison to simulated 

gamma distributions using the two-sample Kolmogorov–Smirnov test 
to explore whether the distributions are gamma or not. WC waist cir-
cumference, Congruent RT Simon congruent reaction time
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and fat percentage [9–15, 21, 22, 28, 45]. Deng et al. [29] 
observed that, in comparison to BMI, waist circumference was 
more closely connected with inhibitory control and suggested 
waist circumference as a reliable indicator of brain function in 
young adults. Dore et al. [42] found that both waist circumfer-
ence and WHtR were significantly associated with cognitive 
function; however, after adjustment for PA, they observed a 
significant association only for waist circumference, which is 
similar to our results. Like Dore et al. [42], we are not aware 
of the reason that only a significant association was found for 
waist circumference (but not WHtR) and inhibitory control.

Some biological mechanisms such as impaired insulin 
regulation, systemic inflammation, and elevated triglycerides 
by which obesity could impair cognitive function have been 
suggested by researchers [44] as possible reasons. Unfor-
tunately, the mentioned mechanisms only have been exam-
ined in elderly people or in animals and the need for further 
research in young people has been reported [44]. Therefore, 
we are unaware of possible mechanisms of why only central 
obesity was significantly associated with inhibitory control 
in young men.

According to the published literature [10, 12, 16–18, 
21, 45, 46] and the results of the present study, there is a 
need for further research to better understand the relation-
ship between various cognitive functioning tasks requiring 
a smaller or greater amount of cognitive control and weight 
status in young individuals.

Although the present study has some strengths, includ-
ing using linear models to assess the association between 
the variables and the study including a number of potential 
confounders that are consistent with the previous literature 
on the topic, such as socioeconomic status and PA, as well 
as a homogenous sample of participants; the study has sev-
eral limitations, and these results should be interpreted with 
caution. For example, the cross-sectional nature of the study 
limits the possibility to draw conclusions about causality of 
any of the observed relationships in the participants. Fur-
thermore, the present study did not include subjects of both 
sexes, did not include more obese or underweight subjects, 
did not include samples of various age ranges, and did not 
measure adiposity of the participants using direct meth-
ods (e.g., dual-energy X-ray absorptiometry, etc.). Finally, 
although we have invited 481 individuals to participate, only 
234 met the inclusion criteria and completed all the meas-
urements. This is below the targeted sample of 250 for stable 
estimates of correlation [47].

Conclusion

In summary, we observed no association between various 
obesity indices and information processing tasks or inhibi-
tory control, except for a positive association between central 

obesity (waist circumference) and congruent RT in young 
men. It is, therefore, possible that cognitive impairment due 
to greater adiposity among young, healthy people may not be 
observed for some simple tasks [16–18]. However, accord-
ing to the study results (i.e., the small effect size), it should 
be stated that the observed association between central obe-
sity and congruent RT is weak and further studies are needed 
to establish the findings.
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