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Abstract
Dietary intake of 117 male adolescents (aged 12 to 18 years, residing in Istanbul, Turkey) with autism spectrum disorder (ASD) and classified as normal (n=39), 
overweight (n=39) and obese (n=39) according to BMI-for-age were assessed. Anthropometric measurements were taken and participants were asked to complete a 
general questionnaire, feeding assessment survey and three-day food records. Daily intakes of energy and nutrients were calculated using food records. The EAR-cut 
point method was used to investigate the prevalence of inadequacy and potential risk of excess. Dietary fibre, calcium, zinc and folate intake of many participants were 
below the DRI value. Prevalence of inadequacy for iron, vitamin A, B6 and C were lower than these nutrients. Daily consumption of sodium and cholesterol was 
higher than the recommendations. Percent DRI value for energy differed significantly in each BMI-for-age group (p<0.05) and was highest in the obese category.  
This category also had higher %DRI values for most vitamins and minerals. Percent energy values provided by macronutrients (AMDR) were not significantly 
different from each other across BMI-for-age categories and remained within the reference values.

Introduction
ASD is a range of complex neurodevelopment disorders, 

characterised by persistent deficits in social communication and 
interaction, inadequacy of nonverbal communicative behaviours and 
deficits in developing, maintaining and understanding relationships. 
These symptoms can be accompanied by restricted, repetitive patterns 
of behaviour, interests or activities [1]. Along with these core features, 
there may be a host of additional associated impairments including 
inattention, impulsivity, challenging behaviours, feeding and sleep 
problems [2-11].

ASDs can occur in all racial, ethnic and socioeconomic groups 
and they are almost five times more common among boys than girls. 
Autism and Developmental Disabilities Monitoring (ADDM) Network 
estimates the prevalence of ASD as 1 in 68 [12]. An accurate prevalence 
data is not available and for this reason global prevalence figures are 
usually used for Turkey.

Most of the current research proposes children with ASD may be at 
great risk or even greater risk for overweight and obesity in comparison 
to their typically developing (TD) peers [13-20]. The existing literature 
suggests that obesity is at least as high or higher in children with ASD 
than in TD ones [20-22]. Inadequate or excess intake of macro and 
micronutrients (such as calcium, dietary fibre, vitamin A, C and folate) 
have been reported in many studies [23-27].

School age children and adolescents in Turkey encounter 
two nutritional problems that are on each end of the nutritional 
spectrum: Obesity versus underweight and micronutrient deficiencies 
accompanying both of them [28,29]. Indeed, our previous study with 
164 Turkish individuals (male and female, aged 4-18 years) with ASD 
revealed that 58.5% of the participants were overweight and obese and 

11.0% of them were severely thin and thin (according to classification by 
BMI-for-age standards by the World Health Organization). The same 
study also found that the majority of the individuals had inadequate 
intakes of calcium, zinc, vitamin B6 and folate [20].

To our knowledge, this is the second study on the dietary of the 
Turkish adolescents with ASD. Many of other studies looked into 
social, psychological, behavioural and biochemical aspects of ASD 
in Turkish children [30-34]. Since ASD is more common in males 
than females, this study attempted investigating the dietary intake of 
Turkish male adolescents aged 12-18 years and having a normal to high 
body mass index (BMI) for-age. The study also aimed to reveal any 
possible differences in the intake levels of energy and nutrients among 
the adolescents that are categorised as normal, overweight and obese 
according to their BMI-for-age values.

Methods
Participants

A subject group of 117male individuals (39 normal, 39 overweight 
and 39 obese as classified by BMI-for-age) with ASD and aged 
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between 12 to 18 years was used. These individuals were randomly 
recruited from different autism rehabilitation centres in Istanbul (the 
most populous city in Turkey with significant financial and cultural 
importance) between December 2013 and March 2014. They were 
previously diagnosed with ASD by a paediatrician, child neurologist or 
a child psychiatrist using the Diagnostic and Statistical Manual of the 
American Psychiatric Association (DSM-IV). 

Permission to conduct the study was granted by the Ethical 
Committee of the National Education Directorate of Istanbul. All 
parents and caregivers (i.e. either unpaid or paid individuals providing 
care in one’s home or in a care setting) who volunteered to take part in 
the study gave written informed consent.

Data collection

All participants (n=117) were weighed and measured in light 
clothing without shoes using a portable scale (accuracy 50 g; Seca874, 
Seca Ltd., Birmingham) and mobile stadiometer (accuracy 1 mm; Seca 
217, Seca Ltd., Birmingham). The BMI-for-age values were calculated 
using AnthroPlus Software version 1.0.4 and the participants were 
classified as normal, overweight and obese.  There were 39 children in 
each BMI-for-age category.

Participants or their parents/caregivers were asked to complete 
two different questionnaires: (1) General questionnaire (2) Feeding 
assessment survey (FAS). Participants or their parents/caregivers also 
filled in three-day-food records after receiving standardised training 
on completing them. The training was delivered by one of the authors, 
who is a dietician. The aim of the training was to enable the participants 
to provide accurate information on portion sizes, cooking techniques, 
meal times, brand names of food products and etc. A visual food 
portion size booklet, which was prepared by the dietician, was also 
given to each of the participants. Assistance in completing the food 
records and questionnaires was available at all times during the study.

Measures
A general questionnaire, feeding assessment survey (FAS) and 

3-day food records were used. General questionnaire was prepared by 
the authors. Feeding assessment survey included questions selected 
from the “Feeding history questionnaire”, which was prepared by the 
Children’s Hospital of Philadelphia [35]. 

General questionnaire

General questionnaire included questions about the education 
level and occupation of the parents, number of individuals in the family 
and monthly income of the household.

Feeding assessment survey

Feeding assessment survey aimed to gather information on the 
foods that children opted for or avoided eating, children’s daily 
routine of feeding, drug usage and bowel movements. Some items in 
the “Feeding history questionnaire” were taken from the Children’s 
Hospital of Philadelphia. Permission to use these items was granted 
by the Manager of the Paediatric Feeding and Swallowing Centre of 
the hospital.

Three-day- food records

Food records were filled in for two weekdays and one weekend 
day by the parents/caregivers or individuals. Participants were assisted 
in recording the foods consumed out of home. A nutrition software 
program (Ebispro for Windows, Turkish Version (BeBiS 7), Pasifik 

Company) that contains information on 20,000 foods and beverages 
was used to calculate the mean daily intakes of energy and nutrients 
(protein, fat, carbohydrate, fibre, cholesterol, sodium, calcium, zinc, 
iron, vitamin A, vitamin B6, vitamin C and folate). 

Dietary assessment

For the analysis of dietary intake, the participants were divided into 
two age groups (12-13 years and 14-18 years) to correspond to the age 
groups used in Dietary Reference Intake (DRI) [36].

DRI are a set of four lists of values for measuring the nutrient intakes 
of healthy people. The four lists are Estimated Average Requirements 
(EAR), Recommended Dietary Allowances (RDA), Adequate Intakes 
(AI) and Tolerable Upper Intake Levels (UL). The EAR is the average 
amount of a nutrient that is likely to meet the daily needs of half of the 
individuals in a specific age and gender group. The RDA is the average 
daily nutrient intake level that meets the needs of nearly all (97 to 98 
percent) healthy people in a particular life stage and gender group. 
The AI is the approximate amount of nutrient that groups of similar 
individuals need to consume to maintain good health. The UL is the 
highest amount of a nutrient that can be consumed daily without harm 
in a similar age and group of individuals [37].

The EAR cut-point method [38] was used to assess the prevalence 
of the inadequacy of nutrients (protein, carbohydrate, dietary fibre, 
cholesterol, calcium, zinc, iron, sodium, vitamins A, B6 and C and 
folate) . When an EAR value does not exist for a particular nutrient, AI 
value was used (e.g. dietary fibre). UL values were used to determine 
potential risk from chronic excessive nutrient intake. 

In order to compare the daily intake of the individuals in different 
BMI-for-age categories, percent DRI values were calculated for each 
individual. Each intake value was divided by the relevant DRI value 
(RDA or AI) of the same age group (i.e. 12-13 years and 14-18 years); 
so comparison between the intakes of the individuals in different BMI-
for-age categories was possible (without considering the differences in 
age groups).

In addition to the four DRI lists aforementioned, another 
nutrition tool called “Acceptable Micronutrient Distribution Range 
(AMDR)” was used. AMDR are values for healthy ranges of intake 
of carbohydrate, fat and protein expressed as percent of total daily 
calorie intake [37].  The percent energy provided by protein, fat and 
carbohydrate was calculated and compared with the AMDR values for 
children aged 4 to 18 [36].

Statistical analysis

Statistical analyses were conducted using the Statistical Package for 
Social Sciences, SPSS (Version 20) (SPSS Inc., Chicago, IL, USA), with 
statistical significance set at p<0.05. 

For determining the significant differences in the %DRI value of 
energy and other nutrients except iron (protein, carbohydrate, dietary 
fibre, cholesterol, sodium, calcium, zinc, vitamins A, B6 and C and 
folate), non-parametric tests (Kruskal-Wallis test followed by Mann-
Whitney U tests) were used. For multiple comparisons, the significance 
level was adjusted by dividing the p value (0.05) with the number of tests 
(i.e.3). Thus, the new p value for these tests was set as 0.017. Different 
from these nutrients, for iron, ANOVA test followed by Tamhane’s T2 
test were used.

ANOVA tests were also used to assess the differences in AMDR 
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values for protein, fat and carbohydrate for different age and BMI-for-
age categories.

In order to assess the prevalence of inadequacy and the potential 
risk from chronic excessive nutrient intake, the distribution of usual 
intakes was examined after the adjustment of the data for day-to-day 
variation. This adjustment included the examination of the normality 
by the Shapiro-Wilk statistic and an ANOVA test to find out the 
within- and between-person variance [39]. Percentile values for the 
usual intake distributions of nutrients were calculated by using SPSS 
and then compared with the DRI values (such as EAR, AI and UL).

Results
General characteristics of the study group

Male individuals with ASD (n=117), aged 12 to 18 and classified 
as normal, overweight and obese according to their BMI-for-age were 
recruited. Each BMI-for-age group had 39 adolescents. The number of 
adolescents in different age groups varied between 8 and 27 (Figure1). 
Except adolescents aged 17 years, obese and overweight individuals 
constituted the majority of the other age categories.

Assessment of the adolescents’ daily nutrient intake

The percent of adolescents with intakes less than the AI for dietary 
fibre was 75-90% for the younger group (12 and 13 years) and 90-95% 
for the other group (14 to 18 years) (Table 1). 

The prevalence of inadequacy for calcium was 75-90% in both 
age groups. Zinc was another micronutrient with insufficient intake 
level: the prevalence of inadequacy was 10-25% in both the younger 
and the other group. Among vitamins, folate had a high prevalence 
of inadequacy. The values ranged between 25-50% in the younger 
group and 50-75% in the older group. Inadequate iron intake levels 
were observed only in the older group at a rate of 5-10%. In the older 
group, 25% of the children had an inadequate intake of vitamin B6. 
Inadequacy of vitamin A and C were seen in the younger and older 
groups, with a prevalence rate of 5-10% in both.

Prevalence for potential risk of excess was alarmingly high for 

sodium in particular, followed by cholesterol. More than 95% of the 
children had daily sodium intake greater than the maximum values not 
to be exceeded daily. In both age groups, the prevalence for potential 
risk of excess varied between 50-75% for cholesterol.  

Percent energy values provided by protein, fat and 
carbohydrate

When percent energy values provided by protein, fat and 
carbohydrate were evaluated across BMI-for-age and age groups 
separately, no differences were observed (p>0.05) (Table 2). In 
both groups, percent energy provided by protein and carbohydrate 
remained within the AMDR range (i.e. 10-30% for protein and 45-65% 
for carbohydrate, respectively). In the BMI-for-age group, percent fat 
value (ranging from 36.9 to 37.5%) was slightly above the upper value 
of the AMDR range (i.e. 25-35%). Similarly, when the AMDR values in 
each age group (i.e. 12 to 18 years) were investigated it could be seen 
that the percent of energy provided by fat (varying from 35.2 to 39.4%) 
was either equal to or slightly higher than the upper limit of the range.

Comparison of percent DRI for energy and nutrients between 
BMI-for-age categories

As a general trend, the percent DRI values for energy and nutrients 
increased as BMI-for-age values increased. However, the differences 
in percent DRI values for nutrients between normal, overweight and 
obese categories were not always statistically significant (Table 3). Only 
the percent DRI value of energy differed significantly in every BMI-
for-age group (p<0.05). There were no differences in the percent DRI 
values for cholesterol, vitamin A and vitamin C across groups.

Adolescents in the obese category had percent DRI values for 
protein and fibre significantly higher than the children in the normal 
category. There were no differences between the normal and overweight 
and between the overweight and obese categories for these nutrients.

Both overweight and obese categories had significantly higher 
percent DRI values for zinc, iron and vitamin B6 when compared to 
the children with a normal BMI-for-age.
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Figure 1. Percent distribution of BMI-for-age values (n=117).
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Percent DRI values of the remaining nutrients (carbohydrate, 
sodium, calcium and folate) in the obese category were higher than 
both normal and overweight categories (p<0.05). The % DRI values for 

these nutrients in the normal and overweight categories were similar 
to each other.

Discussion
A significant finding of the study was that for dietary fibre the 

intake levels of the majority of the adolescents (75-95%) were below 
the DRI value (AI). Among these adolescents 36% of them suffered 
from constipation and the remainder had normal bowel habits (data 
not shown). The AIs are set using different criteria than EAR and 
therefore they are of limited use in assessing the adequacy of groups 
[40]. Because the mean intakes for both age groups (i.e. 12-13 years 
and 14-18 years) were below the AI value in the study, the prevalence 
of inadequacy for dietary fibre could not be assumed. On the other 
hand, it can be clearly seen in Table 3 that the dietary fibre intake of 
adolescents only provided 56.3 to 73.5% of the AI value across all BMI-
for-age categories. This was in line with the studies reporting low dietary 
intake of dietary fibre in healthy adolescents and university students in 
Turkey [41-44]. Studies carried out with children with ASD reported 
lower intake levels of dietary fibre [45,46]. However, our previous study 
with Turkish children and adolescents with ASD, which recruited 115 
children (male and female) aged 4-18 years, did not reveal inadequate 
intake levels of this nutrient (20).

Inadequate intake levels of calcium in children and adolescents 
with ASD have been reported by many studies [17,23,25,45,47-49]. The 

Percentile of usual intake distribution

Nutrient EAR UL Mean 5th 10th 25th 50th 75th 90th 95th 99th

12
-1

3 
yr

s  
(n

=2
9)

Protein (g/kg) 0.76 n/a 1.36 0.82 0.92 1.10 1.43 1.60 1.73 1.92 2.10
Carbohydrate (g) 100 n/a 239 140 165 211 236 283 307 332 347
Fibre (g) 31* n/a 21 11 12 15 22 26 34 36 37
Cholesterol (mg) n/a 300ɫ 172 115 152 201 322 442 563 647 866
Calcium (mg) 1100 3000 822 359 537 571 812 1031 1274 1368 1399
Zinc (mg) 7.0 23.0 11.0 6.0 6.7 9.0 11.1 12.3 13.4 15.3 15.7
Iron (mg) 5 40 12 7.3 8.0 9.9 12.0 13.3 14.0 14.4 14.9
Sodium (mg) n/a 2200ɫ 4340 2666 2956 3302 3963 5308 6140 6992 7198
Vitamin A (µg) 445** 1700*** 1089 364 452 755 1060 1459 1820 1941 2106
Vitamin B6 (mg) 0.8 60.0 1.0 0.9 1.0 1.1 1.4 1.7 1.8 1.9 2.0
Vitamin C (mg) 39 1200 109 28 41 62 101 144 201 205 231
Folate (µg) 250 600 276 169 182 227 257 304 384 387 433

 1
4-

18
 y

rs
  (

n=
88

)

Protein (g/kg) 0.73 n/a 1.10 0.64 0.75 0.90 1.07 1.26 1.56 1.65 2.08
Carbohydrate (g) 100 n/a 289 184 208 240 270 338 390 431 485
Fibre (g) 38* n/a 24 12 14 19 23 28 32 41 49
Cholesterol (mg) n/a 300ɫ 173 99 140 195 315 469 597 633 711
Calcium (mg) 1100 3000 894 411 533 693 827 1039 1288 1385 1867
Zinc (mg) 8.5 34.0 12.0 6.6 7.9 9.1 10.5 14.0 16.6 18.0 22.0
Iron (mg) 7.7 45 13 7.5 8.0 10.6 13.0 15.0 18.1 20.0 23.3
Sodium (mg) n/a 2300ɫ 4717 2734 3084 3481 4228 5711 7074 7777 9202
Vitamin A (µg) 630** 2800*** 1496 526 624 911 1269 1594 2117 2827 7111
Vitamin B6 (mg) 1.1 80 1.0 0.8 1.0 1.1 1.4 1.7 1.9 2.1 2.5
Vitamin C (mg) 63 1800 126 46 66 90 125 157 186 211 255
Folate (µg) 330 800 314 172 189 242 301 364 441 466 637
*AI value.
** As retinol activity equivalents (RAEs).
*** As preformed vitamin A only.
ɫ Generally recommended values not to be exceeded daily, please see relevant text.
EAR: Estimated Average Intake, AI: Adequate Intake, UL: Tolerable Upper Intake Level. EAR, UL and AI values taken from the Institute of Medicine (2010).

Table 1. Assessment of the children’s daily nutrient intake (n=117).

Age*  % 
Protein

% 
Fat

% Carbohydrate

12 (n=14) 15.4 ± 3.1 38.2 ± 6.3 45.4 ± 6.9
13 (n=15) 13.7 ± 3.1 39.4 ± 6.3 45.1 ± 6.6
14 (n=8) 15.5 ± 2.3 34.8 ± 7.0 49.0 ± 5.6
15 (n=21) 13.6 ± 3.2 37.0 ± 5.3 47.6 ± 4.9
16 (n=16) 14.6 ± 2.8 36.0 ± 7.3 48.3 ± 6.5
17 (n=27) 13.5 ± 2.9 37.9 ± 7.0 47.1 ± 6.6
18 (n=16) 13.7 ± 2.6 35.2 ± 6.5 50.1 ± 6.0

ɫ Acceptable Macronutrient Distribution Ranges (AMDR) for protein, carbohydrate and fat 
are 10-30%, 25-35% and 45-65%, respectively  [36].
*There was no statistical difference between groups (p>0.05).

BMI-for-age*  
%

Protein
%
Fat

%
Carbohydrate

Normal (n=39) 14.2 ± 3.2 37.1 ± 7.5 47.5 ± 7.7
Overweight (n=39) 13.9 ± 3.4 36.9 ± 6.6 47.7 ± 6.3
Obese (n=39) 13.9 ± 2.2 37.5 ± 5.4 46.9 ± 4.4

a)

b)

Table 2. Percent contribution of protein, fat and carbohydrate to energy intake (AMDR) ɫa) 
According to BMI-for age category b) According to age.
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children with ASD) were reported to consume less than the DRI value 
for iron [45]. Iron intake does not necessarily correlate to iron status of 
the individuals, as the absorption rate of iron in the body is dependent 
on an array of factors (such as type of iron consumed, inhibiting and 
enhancing factors, health condition of the individual etc.) [37]. So, it 
can be conferred from the current study that some adolescents with 
ASD could have higher risk for iron deficiency due to lower intake 
levels but blood tests are required to confirm the occurrence iron 
deficiency anaemia.

When matched with the same gender and age group, the values for 
the prevalence of inadequacy for folate for the younger and the older 
group (between 25-50% and 50-75%, respectively), was comparable to 
the values obtained in our previous study (29.6% for the younger group, 
n=34 and 52.9% for the older group, n=52) [20]. Data from our current 
and previous study suggests that some Turkish male adolescents with 
ASD can be likely to suffer from folate deficiency, regardless of their 
BMI-for-age category.

The prevalence for inadequacy of vitamin B6 in the older group 
(less than 25% but greater than 10%) corresponded well to the values 
obtained with male adolescents aged 9-13 years (12.1%) and 14-18 
years (15.1%) in our previous study [20]. The results on vitamin B6 
deficiency in children with ASD were inconclusive due to studies 
reporting lower intakes [17,45,47] and higher intake levels than TD 
children [45].

Vitamin A and C had lower prevalence rates of inadequacy. 
Although low intake levels of vitamin A and C have been reported by 
other studies in children with ASD [23,62], our previous study with 
Turkish children [20] did not indicate the inadequacy of  any of these 
nutrients.

Apart from insufficient intake of some nutrients, there were also 
risks associated with excess consumption of sodium and cholesterol. 
More than 95% of the adolescents in the current study consumed more 
than the maximum recommended amounts set for their age group 
(2200 and 2300 mg for the younger and older group, respectively). 
Our results from the current and previous study [20] asserted that the 
potential risks of adverse effects of sodium in Turkish adolescents with 
ASD was high. This situation was not pertinent to adolescents with 
ASD but it rather reflected the salt consumption of Turkish people in 
general. It has been found that Turkish adults consume 7200 mg sodium 
on average, against the maximum daily consumption level set as 2400 
mg [63]. As no accurate data was available for the consumption levels 
of adolescents, further comparisons between adolescents with ASD 
and typically developing counterparts could not be made. However, 
excess salt consumption in this group of adolescents definitely warrants 
further studies and interventions as increased blood pressure due to 
excess consumption can be a risk factor for cardiovascular disease 
(CVD) in adulthood [64].

Potential risk for excess consumption of cholesterol was also a 
concern as was in our previous study [20]. When the normal, overweight 
and obese categories were considered, the range for potential risk of 
excess consumption was between 50 to 75% in both studies. A recent 
study reported intake levels of cholesterol in children with ASD (6-9 
years, n=40) that were slightly higher than Spanish recommendations 
[65]. Children and adolescents with high cholesterol levels are more 
likely to have high levels as adults when compared to the rest of the 
population and elevated blood levels are associated with CVD [66,67]. 
Due to these reasons, we feel that strategies and interventions are 

current study produced similar results. Low calcium intake of children 
with ASD is usually ascribed to the limitation or elimination of dairy 
products from the individuals’ diet due to the popularity of gluten 
free and casein free (GFCF) diets, which are claimed to ameliorate 
the symptoms of this disorder. Although adopted by many families, 
systematic reviews of GFCF diets could not support the use of such diets 
in the treatment of ASD [50,51]. None of the participating adolescents 
in the current was on a GFCF diet. Calcium deficiency was reported 
with typically developing Turkish children [52,53] and adults [54]; as 
well as children and adolescents with ASD in our previous study [20]. 
Unlike European countries, milk does not constitute an essential part 
of the meals and the consumption of milk and milk products in Turkey 
is lower than developed countries [55]. This and the inclination to 
limit milk and dairy products in the diet could be given as reasons for 
calcium deficiency in Turkish adolescents with ASD.

Zinc was another mineral that some adolescents with ASD were not 
taking in sufficient amounts. The prevalence rate of inadequacy (10-
25%) was similar to what was obtained in our previous study [20] with 
the same gender and age group (15.1-20.5%). As cereals and legumes 
are dominant sources for energy and protein in Turkey, zinc deficiency 
is common in healthy adults and children [56-58]. A study of Turkish 
children with ASD found that they had lower levels of zinc in plasma 
and red blood cells compared to neurotypical children (p<0.05) [31].  
However, it must be noted that reasons other than nutritional intake 
levels, such as possibility of metabolic abnormality involving zinc [31] 
or lower absorption ability in the intestinal duct [59] could also give 
rise to zinc deficiency in children with ASD.

Unlike our previous study [20], this study revealed that 5-10% of 
individuals (aged 14-18) had inadequate levels of iron intake. A study 
carried out with American children  found that 2% of the children 
(aged 2-12, n=368) had intakes less than the EAR value and the 
inadequacy of iron increased with age [60].  Another study reported a 
high prevalence of insufficient dietary iron intake in children with ASD 
(aged 2-12, n=33) and attributed this to their narrow food preferences 
[61]. Similarly, a substantial proportion of children (both TD and 

BMI-for-age
Normal*
(n=39)

Overweight
(n=39)

Obese
(n=39)

Energy (kcal) 71.3 ± 10.5a 82.7 ± 14.2b 100.1 ± 23.4c

Protein (g) 144.7 ± 36.6a 176.7 ± 61.9a,b 205.8 ± 56.4b

Carbohydrate (g) 185 ± 43a 204.3 ± 39.1a 248.3 ± 68.5b

Fibre (g) 56.3 ± 16.8a 64.8 ± 23.3a,b 73.5 ± 26.2b

Cholesterol (mg) 160.6 ± 74.6a 168.7 ± 103.9a 187.6 ± 85.6a

Sodium (mg) 58.7 ± 17.1a 290.1 ± 86.5a 372.6 ± 140.2b

Calcium (mg) 58.7 ± 17.1a 61.7 ± 21.5a 81.7 ± 29b

Zinc (mg) 94.7 ± 25.9a 112.2 ± 32.9b 131.7 ± 38.4b

Iron (mg) 108.3 ± 28.7a 125.2 ± 29.6b 140.5 ± 39.1b

Vitamin A (µg)** 142 ± 68.4a 208 ± 224a 160.2 ± 65.7a

Vitamin B6 (mg) 100.5 ± 31.4a 130.6 ± 38.5b 131.1 ± 31.5b

Vitamin C (mg) 169.1 ± 74.8a 199.2 ± 119.3a 109.6 ± 82.4a

Folate (µg) 69.2 ± 17.7a 78.5 ± 23.6a 97.7 ± 27.3b

*Different superscripts in a row denote statistical significance (p<0.05).
** As retinol activity equivalents (RAEs).
ɫAdequate Intake (AI) for dietary fibre and Recommended Dietary Allowances (RDA) for 
other nutrients were used.
ɫɫDietary Reference Intake (DRI) values for Turkish children were used (i.e. 2445 kcal for 
children aged 10-13 and 2860 kcal for children aged 14-18) [76].

Table 3. Percent dietary reference intakes (DRI) for energyɫ and nutrientsɫɫ.
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necessary to reduce the daily cholesterol intake levels of these children 
with ASD. 

Excess intake of Vitamin A in (Table 1) should be interpreted with 
caution, as the UL value for this nutrient was expressed as “preformed” 
vitamin A and therefore it includes the form that comes from animal 
sources and supplements [36,68]. The rate for excess intake of vitamin 
A (i.e. higher than 5% but lower than 10%) in the older group was 
similar to the values obtained from a gender and age-matched group 
in our previous study (6.8%) [20]. However, in the current study 10-
25% of the younger group also seemed to have consumed this nutrient 
in excess. There were a total of nine adolescents in both age groups 
with intakes higher than the UL values. Their food records and feeding 
assessment surveys revealed that none of them took supplements and 
all of them consumed the form of the vitamin supplied by the plant 
foods. Therefore, the potential risk of excess did not apply to any of 
them.

It is frequently reported that children with ASD can be overly 
selective, with aversions to specific textures, colours, smells, and 
temperatures and rigidity with respect to specific brands of foods [69,70]. 
Different dietary patterns (caused by the unusual feeding behaviours) 
and preference for specific foods can lead to the development of under 
or overweight as well as nutritional imbalances (i.e. inadequate or 
excess intake of nutrients) [13-15,18,20,25,71,72]. This study gathered 
some data on the foods that the adolescents particularly liked eating 
or refrained from, but the number of selective adolescents [24] was 
not sufficient to establish a statistical relationship between inadequate 
intakes and food selectivity.

Only the %DRI value for energy differed significantly across each 
BMI-for-age category (Table 3). There were also some other significant 
differences in %DRI values; particularly between the normal and obese 
categories. It must be noted that these values were not actual intake 
values and therefore should be treated with caution. Percent DRI values 
were obtained by dividing the actual intake values by the appropriate 
DRI value for the corresponding age group. By doing this, we aimed 
to remove the impact of age differences in adolescents within the same 
BMI-for-age group. Otherwise, age differences could have interfered 
with the interpretation of the intake data (e.g. two males with different 
ages (e.g. 12 and 18 years) can fall into the overweight category; but 
their nutritional requirements will not be the same).

As a general trend, %DRI values increased gradually as BMI-for-
age values increased (i.e. normal>overweight>obese) in the current 
study. As typically developing adolescents with high BMI-for-age 
values tend to consume energy-dense and nutrient-poor foods, the 
children in the overweight and obese categories were expected to have 
lower %DRI values for vitamins and minerals. However, %DRI values 
for most vitamins and minerals in the obese category were higher than 
the normal category. This implied that the diet of the children with 
ASD did not only consist of energy-dense and nutrient-poor foods.

An interesting finding was that the percent energy values (AMDR) 
provided by macronutrients did not differ significantly across normal, 
overweight and obese categories, despite the fact that the adolescents in 
each category had significantly different percent DRI values for energy. 
These results could be interpreted as different energy intake levels 
across BMI-for-age categories with similar ratios of energy provided 
by protein, fat and carbohydrates. The AMDR values in the study also 
remained in the recommended ranges and this was in accordance with 
the findings of the study carried out with American children with ASD 
(2-11 years, n=252) [23].

Obesity is not only caused by excess intake of calories from foods. 
Especially in the case of children with ASD, reduced physical activity 
due to physiological (such as impairment in motor skills) and social 
limitations (such as impaired communication and social interaction) 
[73], drug usage [74-76] and related chronic health conditions can also 
contribute to overweight or obesity. This study was not conducted to 
investigate the reasons overweight or obesity in the study group. The 
current study was designed as a continuation of our first study [20] 
and focused on the dietary intake of male adolescents with normal to 
high BMI-for-age values. However, we were also interested to collect 
data on the use of drugs and supplements in addition to the usual diet 
of the adolescents. Thirty adolescents were reported to use atypical 
antipsychotic drugs (73% were obese) and seven adolescents consumed 
supplements (57% of them were overweight; 3 adolescents were taking 
multivitamins and minerals, 1 adolescent  was taking omega-3 fatty 
acids and 1 adolescent was taking herbal supplement containing 
gingko biloba).

Several limitations of this study are noteworthy. As this was a 
preliminary study on the adolescents with high BMI-for-age values, a 
control group was not included. If all the participants were chosen as 
to be in the same age group (either 9-13 years or 14-18 years, as listed 
by the DRI Tables) direct use of daily nutrient intake values could have 
been possible. However, excluding one of the two age groups in the 
study would have decreased the robustness of the statistical tests and 
therefore was not preferred. The statistical power of the tests could have 
been recovered by recruiting more participants, but since participation 
was on voluntary basis this could not have been achieved. In addition, 
over- or underreporting of nutritional intake data might have affected 
the accuracy of food diaries as they were filled in by parents/caregivers 
of children instead of a nutritionist or a dietician. A direct measure of 
food intake could also have been more optimal. Lastly, all participants 
were recruited from Istanbul and therefore the data may not represent 
the children with ASD in the other parts of Turkey. In spite of these 
limitations, we believe that this is a valuable study on the dietary intake 
of Turkish adolescents with ASD, an area that warrants more detailed 
studies with the aim of correcting the nutritional imbalances and 
improving the quality of life of these individuals. 

Conclusion
This study has contributed to present knowledge on the dietary 

intake of Turkish adolescents with ASD. Although the results did not 
indicate reduced intake levels for some micronutrients in overweight 
and obese adolescents, prevalence data suggested that some individuals 
could be prone to nutritional deficiencies. Excess intakes of sodium 
and cholesterol have continued to be a concern due to the possible 
long-term effects on health. In addition to nutritional assessment, 
future studies can include biochemical tests, which will help identify 
individuals with nutritional deficiency, excess or imbalances. There 
is still a need for more studies that screen the nutritional and weight 
status of Turkish adolescents with ASD. Only then would dietary 
interventions be planned and implemented to resolve and improve the 
identified nutritional problems.
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