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Evaluation of functional training along with 
online nutritional education on autistic children’s 

metabolic status during Covid-19 pandemic-A 
randomized clinical trial
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Abstract
Physical inactivity and poor dietary pattern are considered as 
health related challenges in ASD (ASD) which seems to be af-
fected by Covid-19 pandemic. The purpose of this clinical trial 
was to investigate the effect of functional training along with 
online nutritional education on metabolic related biomarkers in 
children with ASD. 80 verified children with ASD (age=9.73 ± 
1.29, weight=49.94 ± 2.08 kg, stature=146.08 ± 40 cm, BMI per-
centile=64.88 ± 2.89, FM percentage+24.71 ± 1.48) were randomly 
divided into four groups including: (1) functional training, (2) 
online nutritional education, 3) training+ education and 4) con-
trol group. Pre-test was taken for metabolic related biomarkers 
and each experimental group received their interventions for 8 
weeks. Post-test was taken at the end of 8 weeks. The results 
from this study, did not show significant changes for WHR 
(sig=0.06). Significant changes was indicated for FM (sig˂0.001), 
TC(sig˂0.001), TG (sig=0.006), HDL (sig˂0.001), LDL (sig=0.001), 
HOMA (sig=0.04). In conclusion, functional training and online 
nutritional education can be considered as beneficial interven-
tions for metabolic related biomarkers improvement in children 
with ASD during Covid-19 pandemic.
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diabetes type 2 and cardiovascular diseases and it seems 
to improve insulin sensitivity and cardiovascular system. 
Among all types of physical activities, high intensity func-
tional training may have beneficial outcomes and pro-
tective effects on cardiovascular and metabolic system.2 
Besides physical activity and training, balanced dietary 
pattern, provides all the required macro nutrients and en-
ergy according to age and gender, though imbalanced diet 
and increased fat consumption may lead to metabolic dis-
order, dyslipidaemia and inflammation which seems to be 
modifiable via education.3

ASD (ASD), is a neuro developmental disorder which is 
diagnosed mostly at the early stage of childhood and is 
identified with social communication impairment.4 ASD 
has gained a growing trend within the recent years.5 Ac-
cording to Autism and Developmental Disabilities Moni-
toring (ADDM) and CDC reports, autism prevalence has 
increased from one per 60 one per each 54 person.6 Studies 
have suggested that physical activity level is less in chil-
dren with autism in comparison to typically developed 
children which may be as a result of both individual and 
environmental factors which have made physical activity 
to a challenge.7,8 This challenge may lead to higher obe-
sity and metabolic disorders prevalence in children with 
ASD.9 On the other hand, Nutrition related problems are 
prevalent among children with ASD which can affect their 
obesity.10 ASD children are prone to insufficient nutrition 
and nutritional deficiencies, although the consumption 
of calorie dense foods are more common in ASD which 
is responsible for 40% higher obesity prevalence in ASD 
children.11

Empowering caregivers with appropriate nutritional and 
physical activity interventions is necessary for children 
with ASD and their caregivers, in this area, anthropomet-
ric measurements and dietary pattern follow up and body 
composition, can be included.12,13 Previous studies have 
shown a reverse relation functional training with metabol-
ic syndrome and have suggested that this type of training 
may improve glucose metabolism, body FM and training 
capacity.14 Regular functional training program can have 
beneficial effect on body composition and may lead to in-
crease in Free FM (FFM) and decrease in FM (FM) in com-
parison with controls.15 Furthermore, functional training 
seems to improve lipid profile and studies have suggested 
that functional training can decrease LDL cholesterol TG 

Introduction
Covid-19 pandemic has affected individual’s life in sever-
al aspects and it seems that people with health related con-
dition including autistic individuals are the most affected.1 
Training is well known as one of the main treatment in 
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(TG), cholesterol and improve insulin sensitivity.16,17

Recent studies on the effect of nutritional education on 
dietary pattern in children with ASD, have indicated that 
gastro intestinal problems and inflammation are common 
among these children and have led to more susceptibil-
ity against inadequate calorie intake and nutrients mal 
absorption, this may be modified through caregiver’s 
nutritional education.18 Low nutritional knowledge may 
be a leading cause for nutrition related problems in chil-
dren with ASD.19 It has been suggested that nutritional 
education may improve metabolic indicators including: 
Body Mass Index (BMI), Waist To Hip Ratio (WHR), lipid 
profile and can help obesity management and its related 
outcomes in children and adolescents, although the re-
sults are inconsistent and some studies have suggested no 
significant improvements, despite improvement in nutri-
tional knowledge.20-23 In the other word, it seems that the 
effective nutritional intervention for children with ASD, it 
is unknown yet.24 The purpose of this study was to inves-
tigate the effect of functional training along with online 
nutritional education on metabolic indicators in children 
with ASD during Covid-19 pandemic. 

Methods
This study was randomized controlled clinical trial with 
pre-test and post-test assessment. The participants were 8 
years-12 years old children with ASD approved by neurol-
ogist who referred to selected autism organizations within 
the past year in Tehran, Iran. 80 verified participants were 
randomly selected by targeted selection among 100 avail-
able individuals according to Morgan’s chart. Participants 
received specific codes using random allocation software 
without researcher awareness and were randomly divid-
ed into 4 groups as following: (1) functional training, (2) 
online nutritional education, (3) training education and 
(4) control group. Codes 1-20 was assigned for functional 
training group, codes 21-40, 41-60 and 61-80 were speci-
fied for online nutritional education, training+ education 
and control groups, respectively. All the sample selection, 
randomized code specification and grouping were with-
out researcher awareness in order to prevent bias. All the 
study procedure was done under occupational therapist, 
physiotherapist and dietician supervision and cooperation. 
The study protocols were approved by the Islamic Azad 
university, science and research branch of Iran ethics com-
mittee and were registered as clinical trial at Iranian Reg-
istry of Clinical Trial with the IR.IAU.SRB.REC.1400.003 
(approved at 16.0602021) and IRCT20201211049678N1 
(approved at 29.07.2021) identification numbers and are 
available at https://ethics.research.ac.ir/and https://www.
irct.ir/search, respectively.

The inclusion criteria for this study were as follows:

• No inhibition for training, 

• No physical training experience within the past 6 
month, 

• Not reaching to puberty according to specialist ap-
proval.

Study procedure
Before the study and any interventions, caregivers were 
invited to familiarization session. All the study purpose 
and procedure were completely and clearly explained to 
the participants. All the volunteers signed letter of con-
sent. Health file was made for each participant and previ-
ous biochemical laboratory data, medication, physical ac-
tivity experience, 24 hour food recall and Food Frequency 
Questionnaire (FFQ) data were collected.25

Caregivers were instructed about how to complete FFQ 
prior to the study. All the completing processed were re-
cruited under dietician supervision. In order to simplify, 
home based scales were used and were then transmitted 
to grams according to reference database and were calcu-
lated using N4 software and Nutrition Knowledge Ques-
tionnaire (NKQ) was used to assess caregiver’s nutritional 
knowledge.26

Children’s Physical Activity Questionnaire (CPAQ) was 
used to assess physical activity status in the participants 
before and after the intervention which assess physical ac-
tivity level.27

Anthropometric measurements 
Anthropometric measurements and metabolic related bio-
markers were measured prior to the intervention. Beur-
er digital scale PS160 was used to measure participant’s 
weight with the possible lightest clothing. Seca stature me-
ter 206 with the precision of 1 mm made in Germany was 
used to measure participant’s stature. Participants should 
take off their shoes. Tape meter was used to measure waist 
and hip circumference. To measure body fat, calliper was 
used in 5 points including biceps, triceps, abdominal, su-
per iliac and subscapular. Body Mass Index (BMI) was 
assessed according to Centres of Disease Control (CDC) 
growth chart and was recorded in percentile.20

All of the metabolic related biomarkers, including lipid 
profile (TG, TC, LDL, HDL) indicator and insulin resis-
tance (HOMA) were assessed using anterior cubital vein 
blood samples before the study and after 8 weeks Inter-
ventions.

Functional training
Functional training program and it’s progression with-
in the 8 weeks, have been shown in Table 1 and Figure 
1. Functional training group participants participated in 
functional training program for 8 weeks, 3 sessions per 
week and 45 minutes-60 minutes for each session. Each 
session included warm up, stand-sit with weights, going 
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Table 1: Functional training program

3 African Journal of Diabetes Medicine

Training Protocol Repeats Rest Set num-
ber Progression Acceptance criteria

Sits to stand 
(STS)

Participants were asked to sit 
according to following situation:

hip flexion at 90◦,

knee flexion at 105◦,

ankle dorsiflexion at 15◦

feets are on the floor and hands 
were on the chest crosswise

participant was asked to stand 
from sitting position without any 
change in situation at his own 
pace. Repeats were counted

08-10 3 min 03-May

Freeload for the first week 
30% 1RM for second week

Progress from 50% to 
60% and 60%-70% 1RM 
each 2 weeks

Movements were accept-
able in case of 15 degree 
extension between hip and 
knee

Step up and 
down (SUD)

Participant was asked to:

1. stand in front of a 17 cm height 
stair 

2. go up and down the stair at his 
own pace

08-10 3 min 03-May

Freeload for the first week

30% 1RM for second week

Progress from 50% to 
60% and 60%-70% 1RM 
each 2 weeks

Reaching the foot to the 
start position

Figure 1: Unctional training progression within 8 weeks of intervention
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Titles Subtitles Duration

Food groups

·Bread and grains · 2 weeks
· Meats and substitutes · 3 sessions per week
· Fruits and vegetables · 15-30 minutes in each session
· Fats (saturated fats, MUFAs and PUFAs)
· Dairy
· Salt
· Water and fluids
· Food portions and balanced food plate

Food recommendations

· Food calorie · 2 weeks
· Processed foods · 3 sessions per week
·Simple sugars · 15-30 minutes in each session
· Fiber
· Protein sources
· Starchy sources
· Food fats (natural fats, trans fats)
· Vitamins and minerals

Healthy food choice

· Healthy food choice in outdoor · 2 weeks
· Sweeteners · 3 sessions per week
· Best cooking ways (grilling, broiling or frying) · 15-30 minutes in each session
· Nutrition facts label and their colors
. Calorie intake importance and moderate calorie     dietary choices

Nutrition related disease 
and weight management

·Fiber and disadvantages of low intake . 2 weeks
· Simple sugars and disadvantages of excessive intake · 3 sessions per week
· Salt/sodium and its related disease · 15-30 minutes in each sess
· Food additives and cancer
· Fats and cardio-vascular disease (comparison between healthy fats 
including fish or vegetable oil with trans fats)
· Bread, grains and diabetes (importance of whole grain intake instead of 
refined carbohydrates)
· Cholesterol and lipids (eggs, vegetable oils, saturated fats and ani-
mal-based fats)
· Glycemic index ( difference between whole grains and white bread, fruits 
and vegetables)
· Fats and weight management
· Weight management and high protein diets
· False and myths (elimination of fats or bread for weight loss)
· Fiber importance in weight management
· Health behavior for weight management in normal range (including not 
watching TV while eating, addressing nutrition label facts, regular weight 
assessment, supplements necessity)
· Body Mass Index (BMI) and weight ranges (underweight, normal, over-
weight and obesity)
· Obesity categories definition and diseases risk (e.g., cardiovascular 
disease)

Table 2: Online nutrition educational program

up and down the stairs, stretch movements and cool down 
under specialist supervision.28-30 

Online nutritional education
Table 2 shows online nutritional education program. Par-

ticipants in education group participated in online nutri-
tional education program for 8 weeks, 3 times per week 
for 15 minutes-30 minutes.31 Online nutrition educational 
program had targeted to improve caregivers nutritional 
knowledge in order to improve children’s dietary pattern 

quality and included 4 areas according to NKQ approach 
as following: (1) nutritional advises, (2) food groups, (3) 
health food choices and (4) diet related disease and weight 
management.32

Training+ online nutritional education 
Participants in training+ education group participat-
ed at functional training 3 session per week for 45 min-

utes-60minutes and online nutritional education program 
3 times per week for 15 minutes-30 minutes for 8 weeks. 

Control group
Metabolic related (Metabolic biomarkers) biomarkers were 
assessed before and after the study and control group did 
not receive any intervention.
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Groups Functional training Online nutritional 
education

Functional training+ online nutri-
tional education Control Sig

variables Mean ± SD Mean ± SD Mean ± SD Mean ± SD

Age (yrs) 9.60 ± 1.39 9.60 ± 1.18 9.95 ± 1.43 9.80 ± 1.24 0.8

body weight (kg) 50.45 ± 2.67 49.94 ± 1.20 49.64 ± 1.36 49.74 ± 2.68 0.63

Stature (cm) 145.81 ± 2.63 146.83 ± 2.33 146.44 ± 1.86 145.26 ± 2.60 0.18

BMI (kg/m2) 64.20 ± 1.36 64.65 ± 1.42w 66.00 ± 5.18 64.70 ± 1.49 0.23

FM (percent) 24.9 ± 1.41 24.3 ± 1.59 24.9 ± 1.44 24.75 ± 1.51 0.54

WHR 0.83 ± 0.02 0.83 ± 0.02 0.83 ± 0.01 0.82 ± 0.02 0.35

TG (mg/dl) 113.85 ± 6.29 116.85 ± 6.33 115.50 ± 6.21 110.40 ± 6.83 0.01

TC (mg/dl) 187.70 ± 5.58 190.25 ± 5.81 189.70 ± 5.09 189.05 ± 5.15 0.48

HDL (mg/dl) 41.80 ± 2.65 42.60 ± 3.17 44.05 ± 2.98 43.00 ± 3.39 0.14

LDL (mg/dl) 150.20 ± 6.09 150.75 ± 6.39 150.50 ± 6.12 149.25 ± 5.99 0.88

Insulin resistance 
(HOMA) 63.95 ± 3.55 62.45 ± 3.23 64.00 ± 3.61 64.40 ± 3.38 0.3

Table 3: Frequency and demographic comparison within the experimental groups

Variables Functional 
training

Online nutritional 
education

Functional training+online nutri-
tional education Control Sig

Groups Mean ± SD Mean ± SD Mean ± SD Mean ± SD
FM (percent-
age) Pre 24.9 ± 1.41 24.3 ± 1.59 24.9 ± 1.44 24.75 ± 1.51 0.54

Post 24.45 ± 1.61 23.50 ± 1.99 24.00 ± 1.75 25.95 ± 1.47 <0.001
WHR Pre 0.83 ± 0.02 0.83 ± 0.02 0.83 ± 0.01 0.82 ± 0.02 0.35

Post 0.82 ± 0.02 0.83 ± 0.02 0.83 ± 0.01 0.83 ± 0.02 0.06
TG (mg/dl) Pre 113.85 ± 6.29 116.85 ± 6.33 115.50 ± 6.21 110.40 ± 6.83 0.01

Post 108.25 ± 7.45 113.70 ± 5.13 111.35 ± 5.82 110.50 ± 6.95 0.006
TC (mg/dl) Pre 187.70 ± 5.58 190.25 ± 5.81 189.70 ± 5.09 189.05 ± 5.15 0.48

Post 186.55 ± 4.38 189.90 ± 5.78 184.90 ± 4.85 189.00 ± 5.04 <0.001
HDL (mg/dl) Pre 41.80 ± 2.65 42.60 ± 3.17 44.05 ± 2.98 43.00 ± 3.39 0.14

Post 42.30 ± 2.68 44.65 ± 3.08 48.95 ± 5.12 42.15 ± 2.96 <0.001
LDL (mg/dl) Pre 150.20 ± 6.09 150.75 ± 6.39 150.50 ± 6.12 149.25 ± 5.99 0.88

Post 165.20 ± 39.57 141.00 ± 7.19 146.35 ± 7.03 149.60 ± 5.90 0.001
HOMA Pre 63.95 ± 3.55 62.45 ± 3.23 64.00 ± 3.61 64.40 ± 3.38 0.3

Post 62.50 ± 3.00 62.00 ± 2.73 63.60 ± 3.00 64.40 ± 3.32 0.04
Pre 8.99 ± 1.06 8.41 ± 0.82 8.54 ± 0.75 9.69 ± 0.79 <0.001

Table 4: Interventions effectiveness comparison for metabolic-related biomarkers within the experimental groups before and after 
the interventions

Statistical analysis
Demographic and physical fitness biomarkers means were 
comprised using one-way ANOVA using SPSS version 22 
software, before the interventions between the experimen-
tal and control groups. ANCOVA and LSD tests were used 
to assess the intervention effects, as ANCOVA test com-
prises the mean difference before and after the interven-
tion with means modification and LSD test is used in case 

of any difference between the means and indicates the 
origin of difference in pair wised comparison. All of the 
statistical analysis was done in level of significance ≤0.05.

Results
The participants of this study were 80 children with ASD 
(age=9.73 ± 1.29, weight=49.94 ± 2.08 kg, stature=146.08 ± 
40 cm, BMI percentile=64.88 ± 2.89, FM percentage+24.71 
± 1.48) who participated and completed the study. There 

was no significant difference between the biological char-
acters including age, body weight and stature (sig˃0.05). 
Table 3 shows the demographic information of the partici-
pants who were divided into four groups randomly.

Metabolic-related indicators

The comparison of metabolic biomarkers before and after 
the intervention and the difference between each groups, 
are indicated in Table 4. The results have shown that there 
was no difference in Body Mass Index (BMI) in groups be-
fore the intervention (sig=0.23), although there was a sig-
nificant difference between the groups after the interven-
tion (sig˂0.001). The BMI in training group has decrease 



African Journal of Diabetes Medicine 6Vol 30 No 1 January 2022

Research Article

by 2.56 unit (SE=0.58, sig˂0.001). BMI in online education 
group has decreased by 2.79 (SE=0.58, sig˂0.001) and for 
training and education group was 3.04 (SE=0.59 sig˂0.001) 
in comparison to control group. 

There was no significant difference for FM between the 
groups prior to the study, despite the significant differ-
ence was seen after the intervention. The fat mas for func-
tional training, online nutritional education and training+ 
education, was decreases 1.58, 2.20 and 2.03 in compar-
ison to control group respectively (SE=0.47, si ˂0.001 for 
all groups).

There was no significant difference between the groups in 
WHR before the study (sig=0.35). But after the interven-
tion, the difference was near to significant level (sig=0.06). 
The WHR reduction for training and training+ education 
were 0.01 and 0.04, and for online education group no 
significant difference was seen in comparison to control 
group (sig=0.28). There was no significant difference ac-
cording to LSD test for pair comparison between training 
and training+ education.

There was significant difference in participants TG lev-
el before the study (sig=0.01) and after modification at 
the end of the study (sig=0.006). The TG reduction was 
4.82 units (SE=1.38, SIG=0.001) for training group. There 
was no significant difference for online education group 
(sig=0.27), although significant difference for training+ ed-
ucation group was seen (SE=1.41, sig=0.04). The LSD re-
sults showed no difference in paired intervention groups 
for training and training+ education group.

There was no significant difference for TClevel between 
the groups prior to the study (sig=0.48). There was a sig-
nificant difference after modification at the end of inter-
vention (sig˂0.001). There was no significant difference be-
tween training and online education with control groups 
(sig=0.12 and sig=0.98 respectively). Although there was 
a significant difference between training+ education with 
control group (SE=0.89, sig˂0.001). The LSD test results 
showed no significant difference between training and on-
line education group.

There was no significant difference between the groups 
before the intervention (sig=0.14), although there was a 
significant difference after the intervention (sig˂0.001). 
There was no significant difference between training 
group and control group (sig=0.14), although the differ-
ence was significant for online education and training+ ed-
ucation groups (sig=0.001, SE=0.78 and (sig˂0.001, SE=0.79 
respectively). The LSD test results showed significant 
difference between education and training+ education 
((sig˂0.001) and the HDL level was 3.05 mg higher in on-
line education+ training group. There was no significant 

difference for LDL between the groups before the study, 
but there was a significant difference after the intervention 
(sig=0.001). There was an increase in LDL level in train-
ing group for 14.21 mg in comparison to control group 
(SE=5.91, sig=0.02), but there was no significant difference 
between online education and training+ education with 
control group (sig=0.07 and sig=0.39) respectively. The 
LSD test results, indicated significant difference between 
training and online education groups (sig=0.001) and the 
LDL level was 25.00 mg higher in training group. More-
over, there was a significant difference between training 
and training+ education groups (sig=0.002) and the LDL 
level was 19.29 mg higher in training group. There was no 
significant difference between online education and train-
ing+ education groups (sig=0.34).

There was no significant difference for HOMA between 
the groups before the intervention (sig=0.30), but the dif-
ference was significant at the end of the study (sig=0.04) the 
HOMA level decreased in training group by 1.58 (SE=0.56, 
sig=0.006) in comparison to control groups, although the 
difference was not significant for online education and 
training+ education groups (sig=0.08 and sig=0.36, re-
spectively). The LSD test results indicated no significant 
difference between training and online education groups 
(sig=0.32) and training with training+ education groups 
(sig=0.06) and also online education with training+ online 
education group (sig=0.38).

Discussion
The purpose of this study was to evaluate the effect of 8 
weeks functional training, online nutritional education 
and their combination on metabolic related biomarkers in 
8 years-12 years old children with ASD. It has been sug-
gested that training in higher intensities including func-
tional training, may have adverse relation with metabol-
ic related factors and has been introduced as an effective 
intervention for obesity management which may ensure 
children and adolescent health in their future life.14,21 In this 
study, online nutritional education effect was assessed for 
anthropometric, metabolic related biomarkers, although 
previous studies have more focused on the effect of nu-
tritional education, not in online type and have showed 
positive effect on nutritional knowledge improvement of 
better management of ASD symptoms and complications 
including metabolic status. It has suggested, nutritional 
education may improve metabolic related indicators in-
cluding BMI in individuals. 18-20

The findings from this study have indicated that the par-
ticipant’s BMI was within 5 percentile-85 percentile and 
there was a significant difference before and after the 
study. All of the recruited interventions, including func-

Post 7.80 ± 0.95 7.60 ± 0.82 7.20 ± 0.83 8.20 ± 0.77 0.001
Pre 5.15 ± 0.88 5.08 ± 0.39 5.09 ± 0.44 5.47 ± 0.99 0.009
Post 1.72 ± 0.35 1.64 ± 0.41 1.52 ± 0.48 1.95 ± 0.37 0.003
Pre 0.04 ± 0.03 0.05 ± 0.02 0.03 ± 0.02 0.05 ± 0.02 0.01
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tional training, online nutritional education and the com-
bination of mentioned interventions, had significant effect 
on BMI percentile. The reduction in BMI was highest in 
functional training+ education group, while, online nutri-
tional education and functional training had less signifi-
cant effect on BMI reduction, respectively and functional 
training had the least effect on BMI. 

Functional training may have beneficial effects for body 
composition which seems to be an important indicator for 
metabolic status and can be considered as a predictor fac-
tor. The importance of functional training may be due to 
its effect on FM reduction and increase in lean body mass 
which lead to better body composition.15

This investigation indicated a significant difference for FM 
in participants with ASD. The comparison of intervention-
al groups has suggested that participant’s FM had a de-
scending trend following functional training which was 
parallel with previous investigations, online nutritional 
education and their combination.14

The comparison for the effectiveness of interventions 
showed that online nutritional education could have the 
most significant effect on FM reduction. Moreover, the 
combination of functional training and online nutritional 
education was more than functional training alone. Al-
though the results for WHR was near to significant and 
functional training could decrease WHR. Both online 
nutritional education and its combination with training, 
had significant effect, also, but their effectiveness was less 
which was parallel with study which showed beneficial 
effect on nutritional education on WHR.20

Functional training has been introduced as a protective 
intervention for lipid profile improvement which is con-
sidered as metabolic syndrome indicator and predictor. It 
has also been suggested that this type of physical train-
ing may improve lipid profile by decreasing TG, TCand 
LDL cholesterol level.16,2 TG decreased significantly in 
functional training and its combination with online nutri-
tional education, but there was no significant difference 
for online nutritional education alone, despite the effec-
tiveness of nutritional education and nutritional knowl-
edge improvement had significant effect on lipid profile 
in previous studies.20 Although the TG level reduced in 
comparison to the first of study. Total cholesterol, HDL 
and LDL were the other indicators for lipid profile as in-
dicators for metabolic status and metabolic syndrome 
which were assessed in the study. The results indicated 
that functional training for 8 weeks could not cause signif-
icant decrease in TCand increase in HDL level, despite the 
partial reduction in TCand partial increase in HDL level 
were seen. Although, 8 weeks of functional training could 
significantly decrease LDL level. Online nutritional edu-
cation could not decrease TCand LDL level significantly 
but significant difference was indicated for HDL level in 
education group. The combination of functional training 
and online nutritional education, could not cause signif-
icant decrease in TCand LDL and increase in HDL level 
after the intervention. 

Insulin resistance which is one of the indicators for meta-
bolic syndrome was assessed as HOMA factor via plasma 
insulin concentration. The decrease in HOMA seems to 
be an indicator for less insulin sensitivity and better glu-
cose tolerance. Researches have suggested that function-
al training may improve insulin sensitivity.2 The HOMA 
level decreased due to all of the interventions, but it was 
significant only for functional training group. According 
to these results and previous studies, functional training 
seems to be most effective intervention for glucose metab-
olism improvement.14

Conclusion
In conclusion, functional training and online nutritional 
education can be suggested as effective interventions es-
pecially during Covid-19 pandemic for children with ASD 
as they can have beneficial effects on body composition 
and metabolic indicators. The results for the effectiveness 
of alone interventions or their combination, varies for each 
variable, but as these are considered as non-invasive inter-
vention and may lead to better health related indicators 
and may improve autistic individual quality of life.
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