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SUMMARY

OBJECTIVE: Lower physical fitness and poor motor performance were shown to be linked with higher levels of oxidative stress in children
and adolescents with intellectual disabilities. Therefore, a moderate aerobic exercise for 12-weeks was performed to evaluate the effects of
physical activity scores on motor functions, oxidative stress, and intelligence quotients (IQ) in school children with intellectual disability.

METHODS: A total of 65 school children aged (12-18 Yrs) were randomly included in this study. Intellectual disability (ID),motor skills,-
physical fitness(VO2max), total energy expenditure (TEE), MDA, 8-OHdG, TAC, NO, and total oxidative stress(OS)were assessed using
pre-validated WISC-1Q score test, BOT-2 test, PA questionnaire, and immunoassay techniques respectively.

RESULTS: WISC-IQ and BOT-2 set scores of intellectual and motor skills performance showed a significant correlation with physical
activity status and the regulation of oxidative stress-free radicals in school children with mild and moderate ID following 12 weeks
of moderate exercise. The intellectual and motor skills performance of the participants correlated positively with the increase in TAC
activity and physical fitness scores and negatively with MDA, 8-OHdG, NO, and Total-OS, respectively. Stepwise multiple regression
analysis of the demographic, physical status and oxidative stress parameters explained around78.0 to 93.4 % of intellectual disability
variation among schoolchildren.

CONCLUSION: Moderate aerobic training for12 weeks has a positive impact on improving intellectual ability of schoolchildren with ID via
modulating redox status, improves physical fitness, and motor skills proficiency.
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INTRODUCTION

Active life styles and normal diets play a significant
role in maintaining normal health for both children
and adult populations via controlling obesity and nutri-
tional related chronic disorders*?.

Previous research studies reported that low
levels of physical fitness and high rates of obesity
were reported in individuals with intellectual dis-
abilities (ID)**. These consequences promote health

disturbances and increase the rates of morbidity and
mortality among that populations®>.

Most individuals with ID have functional and
cognitive decline®, along with lower physical perfor-
mance, less participation in social activities, and a
sedentary lifestyle’.

The disturbance in oxidant —antioxidant status
of biological cells may be related to several reasons
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such as age-related diseases, metabolic disorders,
sedentary lifestyle like poor physical activity, or
mental stress as well as ID”". Abnormal signaling
levels of NO were significantly reported in a variety
of neurodegenerative pathologies including intellec-
tual disabilities™™.

Also, 8-hydroxy-20-deoxyguanosine (8-OHdG) as
oxidative biomarker was reported in the urine of indi-
viduals with severe motor and intellectual disabilities
(SMID)®. Similarly, a significant increase in the levels
of malondialdehyde (MDA) as oxidative free radicals
was reported in children with cerebral palsy, ID, and
autism®™™.

Motor development and brain functions in healthy
children and adolescents were shown to be correlated
with active physical performance in healthy and ID
children or adolescents with lower or poor motor func-
tions.?"™"_ This was significantly associated with a
sedentary lifestyle or low physical activity®®.

It was reported that participation of individuals
with ID to programmed physical exercise interven-
tions with varying intensities may have a positive
impact results upon motor functions, ID scores,
and quality of their life’s**". However, the phys-
iological and biochemical effects of physical exer-
cise on the status of intellectual abilities among
young individuals still have to be fully elucidated.
Therefore, this study aims to evaluate the effects
of 12-weeks of aerobic moderate exercise on motor
functions and oxidative stress in school children with
intellectual disability. In addition, we would like to
see if there is any correlation between ID scores,
motor function performance, and related oxidative
stress biomarkers.

METHODS
Participants

A total of 85 school children aged (12-18 years)
selected from different elementary and secondary
public schools in Mansoura, Egypt between 2012 and
2013 randomly participated in this study. The sample
size of 85 was selected from the list of students from
different elementary and secondary public schools in
a large geographical area of Mansoura to give estimate
power of 95 % and a significance level of 0.05 with
expected frequency of 6.3 %. None of the selected par-
ticipants have any physical disabilities to prevent them
from participating in exercise programs. Based on
the intelligence quotients (IQ), the participants were

classified into three groups; normal healthy group
(no=25; 1Q =90-114); mild ID group (no=23; 1Q=50-
70), and moderate ID group (no=37; 1Q=35-49). Prior
participation, written informed consent was obtained
from all participants. The demographic and baseline
data of participants were shown in Table 1.

Exercise Program

Participants were subjected to a supervised exer-
cise program for 45-60 minutes three times per week
for 12 weeks using treadmill'®. This test provides
the participants with maximum physical activities
corresponding to 30%-45% of VO2 max uptake®™. The
maximum exercise of moderate- intensity (65%-75%)
of each participant was calculated as training heart
rate (THR) as previously reported™®™. Also, total
energy expenditure (TEE) was evaluated by calculating
basal metabolic rates (BMR) from body mass, height,
age, sex, and type of physical activity of all partic-
ipants using a pre-validated equation as previously

reported'®'8",

Intelligence Assessment

A pre-validated Wechsler Intelligence Scale test
was used to evaluate the intelligence quotients (1Q)
of the participants before and after exercise interven-
tions™". IQ measurements of the participants were
in the range of normal (IQ =90-114) mild (1Q=50-70),
and moderate (1Q=35-49) respectively.

Motor Assessment

Motor skills among the participants were effi-
ciently evaluated before and after exercise interven-
tions by the use of pre-validated Bruininks-Oseretsky
Test of Motor Proficiency, 2nd Edition (BOT-2. A test
is a short form of 8 subtests with14 test items which
has good validity and reliability to assist motor skill
deficits among students aged 4-21 years™.

Assessment of Oxidative Stress

Estimation of total oxidative stress (OS)

The colorimetric test was evaluated to assess total
oxidative stress (OS) from the fresh capillary blood of
all participants by the use of CR 3000 instrument (free
oxygen reactive measurement (FORM) system, Catel-
lani Group, Callegari S.p.A, Parma, Italy). The princi-
ple of the test depends mainly on transition metals,
such as iron catalyzes the breakdown of hydroperox-
ides into related active free radicals which measured
at a wavelength (A; 505 nm) as shown previously?.
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TABLE 1. CHANGES IN DEMOGRAPHIC VARIABLES, PHYSICAL ACTIVITY, WISC-1Q, AND BOT-2 SCORES OF THE STUDIED
SUBJECTS FOLLOWING 12-WEEKS OF SUPERVISED AEROBIC TRAINING INTERVENTIONS (N=85; MEANS # SD).

Parameters Normal (n=25; 29.4%) Mild ID (n=23; 38.3%) Moderate ID (n=37; 61.7%)

(1Q=90-114) (1Q=50-70) (1Q=35-49)

Pre Post Pre Post Pre Post
Boys/Female 20/5 20/5 18/5 18/5 20/17 20/17
Age (years) 15618 156+1.8 158+2.8 158+28 161+3.0 161+3.0
BMI (kg/m?) 216+35 212 25" 292+26 226 +1.8™ 316t15 276+ 477
Waist (cm) 785+83 76.5 58" 1039 +125 98.5+7.3" 1085+ 3.8 100+ 8.3
Hips (cm) 96.8+34 926t 3.8 823t 124 769 +3.2° 775+164 749 39
WHR 0.81£0.09 0.78+012" 12620712 0.96+0.14* 1.4+015 11£0.16"
Systolic BP (mmHg) 126.5+36 120 +3.9” 156123 108 + 46" 120357 1M2+41
Diastolic BP (mmHg) 72.8 124 71.8 +12.8 875+ 76" 82.9+16.4" 89.5t 11.2 879 +154*
FBS (mg/dl) 812+27 78632 901+ 4.2 86.6+36™ 981+35 82.8+15"
HbATc (%) 25%0.15 21+ 018" 29%12 26+018 31096 29+015™
Physical activity (PA):
VO, max (ml/kg*min) 387 %61 457+32" 21618 33.8+29" 188+38 28.25.3™
BMR (kcal/day) 2.95£365 3928 173+254 21x4.8" 138+24 3554
TEE (kcal/day) 459+64 7.85+4 5" 264+45 465+ 35" 215+13 435t 58"
PA scores 39421 5.8%25" 196+13 26+1.8™ 15413 29414
WISC- 1Q test scores 912+ 2] 102+ 3.7 513+37 72.8+45" 37.8+5] 58.2£6.5"
BOT-2 test scores:
Fine motor precision 357+35 414£18" 214480 28.8 +35" 154 +37 21.8+36™
Fine motor integration 432+ 31 58.4+2.98" 25.36.7 31.5+39" 123+37 181+26™
Manual dexterity 305+£27 36.5+ 41" 105+34 189+29" 87+24 154371
Bilateral coordination 11.8+1.85 25.9+352" 13418 227+48™ 9521 167+46
Balance 29326 351£29" 189+47 281+39™ 163+43 241+35"
Running speed & agility 261+53 351+ 31" 16.5+29 22524 1.6 £3.5 175 £35™
Upper limb coordination 237+24 319+42 15753 213+15" 12325 157 25"
Strength 106 +6.3 13153 97447 1.4 +56" 8.7+3.7 16.2 £4.5™
Total Composite Score 488 +34 56.6%5.8" 32.7+4.2 39.8 £34™ 23635 314+26™

Values are expressed as mean +SD; "p < 0.05, **p < 0.01, **p < 0.001. Significance at p < 0.05. BMI: body mass index; WHR: waist to hip ratio; VO2 max: maximal oxygen uptake;
FBS: fasting blood sugar; HbAlc: Glycated hemoglobin; BMR: basal metabolic rate (kcal/day); TEE: total energy expenditure (kcal/day); WISC- 1Q: Wechsler Intelligence Scale test;

BOT-2 test: Bruininks-Oseretsky Test of Motor Proficiency- Second Edition.

Estimation of nitric oxide levels (NO)

Nitric oxide (NO) concentrations were evaluated as
nitrate and nitrite in all serum samples of the partici-
pants by the use of a Griess reagent as a chromophore
agent. The developed color was estimated at a wave-
length of (A; 540 nm) using high-performance liquid
chromatography assay and the NO concentration was
determined as previously reported®'2°,

Estimation of Malondialdehyde (MDA) and 8-Hy-

droxyguanine (8-OHdG)

Malondialdehyde was estimated in the serum of
the participants as a quantitative measure of lipid per-
oxidation using high-performance liquid chromatog-
raphy as mentioned previously?'®™. Serum 8-OHdG
as an oxidative biomarker of DNA damage was eval-
uated using immunoassay ELISA kit (DNA Damage
ELISA Kit, Product #: EKS-350, Stressgen Co., USA)
as reported previously™.

Estimation of total antioxidant capacity (TAC)

Serum samples of all participants obtained pre-
and post-exercise sessions were subjected for the
estimation of total antioxidant capacity (TAC) by
the use of colorimetric assay kit (K274-100; BioVi-
sion, Milpitas, CA, USA). The antioxidant activity
was measured as a function of Trolox concentra-
tion at a wavelength of (A; 570 nm) as previously
reported™®®.

Statistical Analysis

The analyses of data were performed using SPSS
version 17 and were expressed as mean + SD. Both
student’s-test and Pearson’s correlation coefficient
were used to investigating the comparison and cor-
relation of the studied oxidative variables with ID
and motor skills of all participants’ pre-and post-ex-
ercise sessions. The data was significant at P values
<0.05.
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RESULTS

A total of 85 school children aged 12-18 years were
randomly recruited in this study. Based upon WISC-
intelligence quotients (IQ) measurements, about 29.4
% of the participants (n=25) had normal 1Q score of (90-
114) with mean 91.2+2.1 WISC-IQ score, and 70.6% of
the study population (n=60) diagnosed with intellec-
tual disability; they were classified into mild 1Q ('score
50-70) and moderate (score 35-49) as shown in table (1).
Asignificant increase (p<0.01) in body mass index (BMI)
and waist to hip ratio (WHR) and decrease (p<0.01) in
VO2 max, BMR, and TEE were reported in participants
with mild and moderate ID compared to other normally
group. Also, significant improvement in adiposity mark-
ers; waist, hip, BMI, WHR, and sugar parameters (FBS
and HbA1c (%) were reported following interventions of
supervised aerobic training (table 1).

The effects of supervised aerobic exercise on intel-
lectual disability and total motor performance were
reported in all participants. The data showed signif-
icant improvement in total WISC- IQ and BOT-2 test
scores in schoolchildren with normal 1Q (p<0.05), and
those with mild (p<0.01),and moderate (p<0.01) intel-
lectual disability (ID) respectively following 12 weeks
of aerobic training compared to pre-test baseline data
(Table 1) and figure (1A).

The influence of supervised aerobic training on
BOT-2 scores was significantly (p<0.01) apparent in the
improvement of specific areas of fine motor precision,
running speed and agility, upper limb coordination,
and strength while slightly moderate enhancement
(p<0.05) was detected for the specific areas of bilateral
coordination, and balance (Table 1) and figure (1B)..

In this study, energy expenditure rates (EER),
BMR, and VO2 max were evaluated as fitness scores
among the participants. There was significantly
improvement in the level of PA fitness scores among
subjects with normal, mild, and moderate ID follow-
ing 12 weeks of aerobic training compared to pre-test
baseline data (Table 1) and figure (1C). Similarly, oxi-
dative stress makers TAC, OS, MDA, NO, and 8-OHdG
were assessed in this study. There was a significant
reduction in the levels of 0OS, MDA, NO, 8-OHdG, and
increase in the levels of TAC in normal (p=0.05), mild
(p=0.01), and moderate (p=0.01) ID subjects following
interventions of supervised aerobic training Figure
(1D, 1E, and 1F).

Also, the data showed that the improvements in
motor performance among participants with mild
and moderate ID correlated positively with TAC, TEE,

physical fitness scores, and negatively with BMI and
other stress biomarkers, OS, MDA, NO, and 8-OHdG
respectively (Table2). stepwise multiple regression
analysis revealed that, Body mass index (BMI), age,
gender, total BOT-2 scores, total oxidative stress,
MDA, NO, and 8-OHdG concentrations, TEE, and PA
fitness explained around 78.0 to 93.4 % of intellectual
disability variation among school children (Table 2).

DISCUSSION

Lower physical activity and sedentary lifestyles
were reported among adolescents and children with
intellectual disability (ID) than normal subjects*%7.

Although, the participation of subjects with ID in
exercise interventions with different intensities which
positively helps in improving of motor performance
parameters, daily activities and quality of life™*"?, still
the effective role of oxidative stress on intellectual abil-
ity and its correlation with both exercise training and
motor performance is not fully elucidated in school
children which was our concern in this current study.

In the present study, intellectual ability among
65 school children aged 12-18 years was performed
using WISC- 1Q score. About 70.6% of the study pop-
ulation (n=60) diagnosed with intellectual disability;

TABLE2. BETA COEFFICIENTS AND CUMULATIVE
R* VALUES DERIVED FROM STEPWISE MULTIPLE
REGRESSION MODELS OF THE STUDIED
DEMOGRAPHIC, PHYSICAL FITNESS, AND MOTOR
PERFORMANCE SCORES (BOT-2 TEST) AMONG
SCHOOL CHILDREN WITH ID ( N=60)

Variables Intellectual disability (WISC- 1Q score ),
n=60
Mild (n=23), Moderate (n=37),
R¥(B) " R¥(B)

Age 12.7 (0.35) 14.6 (0.45)

Gender 4.8 (0.16) 6.7 (0.28)

BMI (kg/m2) -51(018) -84 (0.250)

Total BOT-2 scores | 18.9(0.32) 17.9(0.45)

OS (mmol/I H202) | -4.9(0.12) -6.2 (018)

MDA (nmol/dl) -3.7(0m) -5.2(014)

NO (nmol/dL) -5.9(0.14) -74(017)

8-OHG (ng/ml) -2.9(0.16) -41(0.21)

TAC (nmol/pl) 115 (-0.22) 12.9 (-0.5)

Physical fitness 3.7 (-0.38) 5.8 (-042)

score (VO2 max)

TEE(kcal/day) 3.9(-0.17) 4.2(-0.27)

2R2 (%) 78% 934 %

Data presented as coefficient (R); *significance at p <0.01; *significance at p <0.001;
BMI: body mass index; OS: total oxidative stress; MDA: Malondialdehyde; NO: nitric
oxide; 8-OHdG: 8-Hydroxyguanine; TAC: total antioxidant capacity; VO2 max: maxi-
mal oxygen uptake; TEE: total energy expenditure (kcal/day).
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they were classified into mild 1Q (score 50-70) and
moderate (score 35-49). A significant increase (BMI)
and (WHR) and decrease in VO2 max, BMR, and TEE
were reported in participants with mild and moder-
ate ID compared to the normal groups. Consistent to
our study, others reported higher rates of obesity and
lower performance in physical fitness scores among
individuals with intellectual disability®**">".In the
same line, a significant correlation was reported
between BMI, gender, age, physical fitness scores
with levels of intellectual disability?°22.

In the subjects with mild to moderate ID, oxida-
tive stress-free radicals; T-OS, MDA, NO, 8-OHdG
significantly increased and TAC activity significantly
decreased. In support of our results, free radical oxida-
tive stress was reported to play a pivotal role in most
neurodegenerative brain disorders resulting from the
side effects of drugs, lower physical activity, and poor

diet>”". Also, the severity of oxidative stress among
participants with ID may be due to lack of physical
activity, a mental disability which may be associated
with free radicals oxidative cell damage and decrease
in the antioxidants™62021,

The decline in motor skills and brain functions
were significantly reported in association with a lack
of physical fitness in handling, precision of movements
and motor activity>'®24,

The current study reported that there was a sig-
nificant decrease in motor skills among schoolchil-
dren with mild and moderate ID. The data showed an

agreement with others?®?

, who reported a significant
decline in both the intellect and the development of
motor skills among children aged (7-12 years) with
different mental retardation or disabilities. Also, the
impairment in motor skills as measured by BOT-2

score test showed a significant correlation with higher

FIGURE 1: Changes in physical activity, of oxidative stress, WISC-1Q, and BOT-2 scores of the studied subjects following

12-weeks of supervised aerobic training interventions (n= 85; means + SD). In this study, there was significant improvement in
|Q scores [A]; motor proficiency scores [B]; and fitness scores [C] in normal (p=0.05), mild (p=0.01), and moderate (p=0.01) par-
ticipants following 12-weeks of supervised aerobic training interventions. Similarly, there was significant reduction in the levels of
OS, MDA, NO, 8-OHdG, and increase in the levels of TAC in normal (p=0.05), mild (p=0.01), and moderate (p=0.01) IQ subjects
flowing interventions of supervised aerobic training.

Values are expressed as mean =SD; "p < 0.05, “p < 0.01, ""p < 0.001. WISC- 1Q: Wechsler Intelligence Scale test; BOT-2 test:
Bruininks-Oseretsky Test of Motor Proficiency- Second Edition; OS: total oxidative stress; MDA: Malondialdehyde; NO: nitric
oxide; 8-OHdG: 8-Hydroxyguanine; TAC: total antioxidant capacity; TEE: total energy expenditure (kcal/day); VO2 max: maximal
oxygen uptake. Significance at p<0.05
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values of adiposity markers; BMI, WHR, oxidative
stress parameters, and lower physical fitness scores in
schoolchildren with mild and moderate ID compared
with a control group of standard 1Q which consistently
supported previously"?,

Previous research studies showed improvement in
physical activity such as balance, strength, endurance
and health self-perception along with a decrease in adi-
posity markers among participants with mild disabil-
ity following participation in exercise programs?°2.

However, rare data were found about supervised
aerobic exercise programs and their influence on
oxidative stress, motor skills, and 1Q scores among
schoolchildren with ID. So, the present study investi-
gated the effects of 12-week aerobic training of moder-
ate-intensity on ID, physical activity, motor skills, and
oxidative stress in schoolchildren. The data obtained
showed a significant improvement in intellectual
abilities as measured by WISC- IQ score of all partici-
pants with mild and moderate ID following 12-week of
moderate exercise interventions. Also, the influence of
exercise was observed in the improvements of motor
skills (BOT-2 scores), increase in TAC, physical fitness,
and a reduction in all oxidative stress-free radicals; OS,
MDA, NO, and 8-OHdG in all participants following
exercise interventions for 12- weeks.

Previously, it was reported that targeted physical
exercise programs significantly affects on physical
fitness and enhance of 1Q scores among children with
ID?"®2' Also, 10-week aerobic exercise interventions
were shown to have positive beneficial effects on phys-
ical fitness score, exercise capacity, IQ scores, and an
increment in maximum oxygen uptake (VO2 max)*.

Finally, our study showed that motor skills (BOT-2)
and IQ scores correlated positively with BMI, WHR,
physical fitness, TAC, TEE variables, and negatively
with oxidative markers OS, MDA, NO, and 8-OHdG.
Also, motor skills such as motor precision, running
speed, agility, upper limb coordination, strength,
bilateral coordination, and balance were significantly
improved in school children following 12-week of aer-
obic exercise. The data matched with recent research
works which reported a significant link between
motor skills and brain function developments with

21217

active physical performance®>?", and that moderate

aerobic exercise has a positive antioxidant effect on

brain disorders via modulating the release of oxidative

stress biomarkers3->?'

24, Finally, stepwise multiple
regression analysis of these parameters along with
age and gender explained around 78.0 to 93.4 % of
intellectual disability variation among school children.

The results of this study strengthen and signifying
enclosure of physical exercise interventions, particu-
larly those of a supervised training program to improve
intellectual ability via improving physical fitness, motor
skills proficiency and modulating redox status. In
addition modulating redox status might be considered
as diagnostic non-invasive predictors of intellectual
abilities for clinical use in epidemiological contexts;
however, further studies with larger sample size and
studying gender influence are significantly required.

In conclusion, moderate aerobic training for 12
weeks has a positive impact on improving intellectual
ability via improving physical fitness, motor skills pro-
ficiency, and modulating redox status of schoolchil-
dren with intellectual disability.
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PHYSICAL ACTIVITY IMPACT ON MOTOR DEVELOPMENT AND OXIDATIVE STRESS BIOMARKERS IN SCHOOL CHILDREN WITH INTELLECTUAL DISABILITY

RESUMO

OBJETIVO: A baixa aptiddo fisica e o baixo desempenho motor mostraram-se associados a niveis mais altos de estresse oxidativo em
criangas e adolescentes com deficiéncia intelectual. Portanto, foi realizado um exercicio aerébico moderado por 12 semanas para avaliar
os efeitos dos escores de atividade fisica nas fungées motoras, estresse oxidativo e quocientes de inteligéncia (Ql) em escolares com
deficiéncia intelectual.

METODOS: Um total de 65 criangas em idade escolar (12 a 18 anos) foi incluido aleatoriamente neste estudo. A incapacidade intelectual
(D), habilidades motoras, aptiddo fisica (VO2mdx), gasto energético total (ETE), MDA, 8-OHdG, TAC, NO e estresse oxidativo total
(SG) foram avaliados pelo teste de pontuagdo Wisc-1Q pré-validado, teste BOT-2, questiondrio de PA e técnicas de imunoensaio,
respectivamente.

RESULTADOS: Os escores do conjunto Wisc-1Q e BOT-2 do desempenho das habilidades intelectuais e motoras mostraram uma cor-
relagdo significativa com o status da atividade fisica e a requlagdo dos radicais livres do estresse oxidativo em escolares com DI leve
e moderada apés 12 semanas de exercicio moderado. O desempenho das habilidades intelectuais e motoras dos participantes correl-
acionou-se positivamente com o aumento dos escores de atividade TAC e aptiddo fisica e negativamente com MDA, 8-OHdG, NO e
Total-0S, respectivamente. Houve uma melhora significativa nas habilidades motoras, como dreas especificas de precisdo motora fing,
velocidade de corrida, agilidade, coordenagdo de membros superiores, forca, coordenagdo bilateral e equilibrio entre criangas em idade
escolar apés o programa de exercicios. A andlise de regressGo mdltipla passo a passo dos pardmetros demogrdficos, do estado fisico e
do estresse oxidativo explicou em torno de 78,0 a 93,4% da variagdo da incapacidade intelectual entre os escolares.

CONCLUSAO: O treinamento aerébico moderado por 12 semanas tem um impacto positivo na melhoria da capacidade intelectual de
escolares com DI por meio da modulagdo do status redox, melhora da aptiddo fisica e proficiéncia em habilidades motoras.

PALAVRAS-CHAVE: Aptiddo fisica. Exercicio. Deficiéncia intelectual. Estresse oxidativo. Atividade motora. Desempenho psicomotor.
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