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Abstract

Introduction: Autism is a neuropsychiatric disorder. Multiple 
factors have been identified as causes of autism spectrum 
disorder. Many studies indicated genetic as the main risk 
factor, but environmental risk factors are also seen as 
contributing factors. Exposure to environmental pollutants 
such as endocrine disrupting chemicals (EDCs) can occur as 
early as in the mother’s womb. The main concern of EDCs 
in food packaging are Bisphenol A (BPA) and phthalates. 
The objectives of this study are to develop and validate a 
questionnaire for the assessment of habitual usage of plastic-
based food contact materials (FCM) as a proxy for exposure to 
this group of EDCs. 
Material and Methods: The questionnaire developed by 
organising a focus group discussion among experts. An 
interview-guided pilot study was then done to 250 respondents 
for construct validation process. In the validation process, 
test-retest study for reliability, Cronbach alpha for internal 
consistency, exploratory factor analysis and confirmatory 
factor analysis were done. 
Results: The questionnaire achieved kappa value ranged 
between 0.800 to 0.900 for knowledge, 0.610 to 0.815 for 
perception and 0.607 to 1.000 for self-care product section. 
Cronbach alpha value ranged between 0.600 to 0.780. 
Conclusions: Exploratory and confirmatory factor analysis 
approved the final model for phase one consisting of four 
domains with total of 13 items and final model for phase two 
consists of three domains with total of nine items.
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Introduction

The autism spectrum disorder (ASD) is a range of conditions 
classifi ed as neuro developmental disorders that have an onset 

since infancy. Its clinical presentation is characterised by impairment 
in reciprocal social interaction, communication with others and by a 
preference for repetitive, stereotyped behaviours.

Based on the recent report by the Autism and Developmental 
Disabilities Monitoring (ADDM) Network, the overall ASD prevalence 
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estimate of 16.8 per 1,000 children (one in 56 children) 
aged eight years in 2014. Prevalence of ASD reaching 
nearly 3% in some communities and representing an 
increase of 150% since 2000.1

Autism is a neuropsychiatric disorder. Multiple 
factors have been identifi ed as causes of autism 
spectrum disorder, however the cascade of the disease 
is still not clearly defi ned.2 One of the main factors of this 
condition was genetic as identifi ed by Folstein and Rutter 
in 19773 in their twin study and the gene region involved 
was reported as 15q11-13 by Nurmi et al. in 2003.4 
In a systematic review done by Rossignol5 regarding 
factors associated with ASD, he identifi ed four main 
factors contributing which are: immune dysregulation or 
infl ammation, oxidative stress, mitochondrial dysfunction 
and environmental toxicant exposures.

Food (and beverages) contact materials (FCM) 
are all materials and articles intended to come into 
contact with food, such as packaging and containers, 
kitchen equipment, cutlery and dishes.6 Diff erent 
materials are used to pack foodstuff s such as plastics, 
paper, cardboard, metals, glass, regenerated cellulose, 
ceramics, rubbers and elastomers, waxes, wood, 
cork, and textiles. Most metal cans have polymeric 
coatings, and paper or carton packaging often is coated 
or laminated with plastic as the eff ective food contact 
material, essentially making plastics the main food 
contact material in today’s packaging landscape.7

Chemicals leaching into food will increase human 
exposure, and cause long-term impact on health. Even 
at low concentrations, chronic exposure to endocrine 
disrupting chemicals (EDC) is toxicologically relevant. 
Concerns increase when humans are exposed to 
mixtures of similar acting EDCs and/or during sensitive 
windows of development.8 The most concerned EDCs 
in food packaging are BPA and phthalates. Exposure 
estimates based on food, air, dusts, consumer product 
concentrations and intake rates indicate that diet is 
likely to be a major source of exposure to BPA and 
DEHP [di(2-ethylhexyl)phthalate].9,10 BPA and phthalate 
exposures were substantially reduced when diets were 
restricted to food with limited packaging.11

The objectives of this study are to develop and 
validate a questionnaire for the assessment of habitual 
usage of plastic-based FCM as a proxy for exposure to 
this group of EDCs.

Material And Methods

The questionnaire is developed by organising a 
focus group discussion (n=5). Later, the questionnaire 

was face validated by a small group of respondents 
which includes experts from their respective fi elds 
(n=10). They are specialists in Public Health, Toxicology, 
Family Medicine, Paediatric, Nutrition, English and Malay 
language expertise. An interview guided pilot study 
was done among 250 respondents for reliability and 
validation proses. Sample size of 250 was used based 
on fi ve respondents per item for structural equation 
modelling using analysis for a moment structures.12 
Mothers with children aged between two to 10 years old 
was selected as respondent.

Data was analysed with IBM Statistical Package 
for Services Solutions (SPSS) version 23.0 and IBM 
SPSS AMOS (analysis for a moment structures) version 
23.0 for reliability and construct validity. Ethical approval 
obtained from The National University of Malaysia 
research ethics committee.

Results

Questionnaire development:
The questionnaire consisted of six sections 

(A - F). The data was collected via interview guided 
questionnaire and pictures were used to facilitate 
respondent’s understanding.

a. Section A is related to sociodemographic, 
socioeconomic data and personal information.

b. Section B is related to the ante-natal history, birth 
history, vaccination history and admission history 
of the child. 

c. Section C is related to the history of the mother 
during pregnancy and a year after birth. 

d. Section D is assessing the exposure of occupation 
and house environment to the subject during the 
antenatal and infancy periods. 

e. Section E is about knowledge and perception of 
the mother regarding environmental toxicants (BPA 
and Phthalates). 

f. Section F is related to the exposure of BPA and 
Phthalates by the practice of using plastic-based 
food contact materials. It is divided into 2 phases 
which are the mother’s exposure during antenatal 
period and the child exposure during infancy. In 
this section, scoring are according to frequency 
in which the choices of ‘Never’; ‘1-3 times every 6 
months’; ‘1-3 times a month’; ‘Once a week’; ‘2-4 
times a week’; ‘Once every day’; ‘Everytime’, are 
used.

Questionnaire was developed based on literature 
review. Table 1 shows the concept, items and sources 
of the questionnaires.
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Questionnaire validation:

After discussions with the experts in face validation 
process, some question items were dropped as they 
were confusing or repeating or had signifi cant answers. 
The likert scale was also changed from 7 likert scales 
to 5 likert scales because the scales used initially was 
misleading and overlapping. 

A pilot study was conducted at a government 
agency involving the staff  and users of the facility among 
mothers with two to 10 years old children. A total of 250 
respondents had answered the questionnaires. Before 
the pilot study, random 30 respondents were selected 
to complete the test-retest study. Respondents were 
required to complete the set of questions and repeat 
them again after 1-2 weeks. 

In the knowledge section (Table 2), all 9 questions 
showed almost perfect agreement that range between 
0.800 to 0.900. In perception section (Table 3), six out 
of eight questions have a kappa value which indicates 
substantial agreement value from 0.610 to 0.815. Two of 
the questions in the perception section scored 0.557 and 
0.604 which is moderate agreement. For the practice 
section (Table 4), from 46 questions in Phase one, six 
questions have moderate agreement and 40 questions 
have almost perfect agreement. In phase 2 (Table 5), 
out of 18 questions, eight have moderate agreement 
while 10 questions showed strong and almost perfect 

agreement. For self-care product section, the kappa 
value ranged from 0.607 to 1.000 except for talcum 
usage which scored 0.464. 

Table 6 shows the cronbach alpha value for each 
part. During the analysis, items that have Corrected 
Item-Total Correlation values   of 0.3 to 0.7 are included. 
The cronbach alpha value obtained is from 0.600 to 
0.780. After the analysis, the number of items also 
changed. In perception section, two items (B1c code 
question and B1d code) were removed because they 
had a low Corrected Item-Total Correlation value. In the 
practice section for phase one, the items decreased 
from 18 items to 13 items and for phase two, the items 
decreased from 14 items to nine items.

For construct validity, two analyses have been 
conducted, Exploratory Factor Analysis (EFA) and 
Confi rmatory Factor Analysis (CFA). 

Exploratory Factor Analysis conducted for the 
practice in the usage of plastic based food contact 
materials has two parts, Phase one and Phase two in 
view of the diff erence in the method of exposure and 
time of exposure. In initial model, during phase one, 
the questions were divided into eight domains with 45 
items. While for Phase two, the questions were divided 
into two domains and the number of items is 18 items. 
A model has been generated after the exploratory factor 
analysis. 

Table 1: Concept, items and source in development of questionnaires

Concept Items Source

Knowledge

i. Plastic Safety Indication- 4 items Food Standards Agency 2015 13
ii. Plastic resin identifi cation number-1 item Plastics Industry Trade Association 14

iii. International and national action on Bisphenol A/ 
Phthalates- 4 items

Malaysia Food Act 1983 Section 34 (g) 
15; European Parliament 2005, 2007 
16,17; United States Congress 2008 18

Perception
i. Plastic usage in contact with food and beverages- 4 items Nam et al. 2010 19; Welshons et al. 

2006 20ii. Toxic materials in plastic based container- 2 items

Practice

i. Eating self-cooked food- 1 item
Rudel et al. 201111; Carwile et al. 
201121

ii. Buying the groceries – 2 items
iii. Organic foods – 1 item
iv. Eating outside food – 4 items
v. Utensils for cooking, serving and storing food – 6 items Rudel et al. 201111
vi. Policarbonate container usage – 2 items Carwile et al. 200921

vii. Packed/tinned food/beverages - 15 items
Welshons et al. 2006 20; Cao et al. 2010 
22, 2011 23

viii. Packed/tinned food/beverages usage in various 
conditions- 7 items

Amiridou & Voutsa 2011 24; Le et al. 
2008 25; Cao & Corriveau 2008 26; Nam 
et al. 2010 19; Welshons et al. 2006 20

ix. Feeding bottle usage
Nam et al. 2010 19; Biedermann-Brem 
et al. 2008 27.
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Table 2: Kappa value in test-retest for knowledge 
section (n=30)

Item Kappa
1. Safe for food and beverage symbol (B2i) 0.900
2. Microwave safe symbol (B2ii) 0.900
3. Freezer safe symbol (B2iii) 0.833
4. Dishwasher safe symbol (B2iv) 0.800
5. Resin identifi cation number (B3) 0.867
6. Ban on selling polycarbonate feeding 

bottle containing Bisphenol A by 
Malaysian government (B4)

0.833

7. Ban on usage of Bisphenol A or 
Phthalate ester in manufacturing of food 
containers and packages. (B5)  

0.833

8. Know regarding Bisphenol A free 
products. (B6)

0.833

9. Know regarding Phthalates free 
products. (B7)

0.867

Table 3: Kappa value in test-retest for perception 
section (n=30)

Item Kappa
1. All plastic containers can be used for food 

and beverage (B1a)
0.613

2. All plastic containers can be used for hot 
food and beverages (B1b)

0.610

3. Reused plastic container is still in good 
condition (B1c)

0.624

4. Change baby feeding bottle every 6 
months (B1d)

0.557

5. Improper use of food packaging/ 
container can leach chemicals into foods 
(B1e) 

0.815

6. Chemicals leached from food packaging / 
container may harm your body (B1f)

0.691

7. How often do you choose Bisphenol A 
(BPA)–free products for your plastics use. 
(C18)

0.604

8. Is it easy for you to get BPA free products 
(C20)

0.657

Table 4: Kappa value in test-retest for practice section 
in phase 1 (n=30)

Item Kappa
1. Home cooking (C1) 0.735
2. Pre-packed raw materials (C2i) 0.793
3. Loose raw materials (C2ii) 0.629
4. Organic raw materials (C2iii) 0.650
5. Using non plastic utensils during meal 

preparation (C3i)
0.709

6. Using plastic utensils during meal 
preparation (C3ii)

0.654

7. Using plastic container for storing food 
(C4i)

0.604

Item Kappa
8. Using non plastic container for storing 

food (C4ii)
0.783

9. Using plastic kitchenware for serving food 
(C5i)

0.522

10. Using non plastic kitchenware for serving 
food (C5ii)

0.683

11. Using personal plastic drinking bottle (C6) 0.771
12. Drink from a large quantity polycarbonate 

dispenser (C7)
0.813

13. Eat out or pack outside food (C8) 0.819
14. Eating fast food (C9) 0.762
15. Choosing packed food (C10i) 0.600
16. Choose to dine in with freshly cooked 

meals (C10ii)
0.696

17. Re-use plastic containers (C11) 0.536
18. Heating food in plastic containers (C12) 0.773
19. Using plastic containers to serve food or 

drinks that are still hot (C13)
0.762

20. Consume packaged water /food that was 
left in the hot sun (C14)

0.623

21. Frequency of taking canned food/ packed 
food: Fish (C16i)

0.688

22. Frequency of taking canned food/ packed 
food: Meat (C16ii)

0.855

23. Frequency of taking canned food/ packed 
food: Corn (C16iii)

0.647

24. Frequency of taking canned food/ packed 
food: Tomato sauce (C16iv)

0.694

25. Frequency of taking canned food/ packed 
food: Soup (C16v)

0.443

26. Frequency of taking canned food/ packed 
food: Vegetables (C16vi)

0.597

27. Frequency of taking canned food/ packed 
food: Green Beans (C16vii)

0.688

28. Frequency of taking canned food/ packed 
food: Baked Beans (C16viii)

0.838

29. Frequency of taking canned food/ packed 
food: Condensed milk (C16ix)

0.739

30. Frequency of taking canned food/ packed 
food: Evaporated milk (C16x)

0.821

31. Frequency of taking canned food/ packed 
food: Milk powder (C16xi)

0.609

32. Frequency of taking canned food/ packed 
food: Snacks (C16xii)

0.636

33. Frequency of taking canned food/ packed 
food: Ice cream (C16xii)

0.770

34. Frequency of taking canned food/ packed 
food: Chocolate (C16xiii)

0.820

35. Frequency of taking canned food/ packed 
food: Chewing gum (C16xiv)

0.679

36. Frequency of taking canned food/ packed 
food: Canned drinks (C16xv)

0.720

37. Taking food / beverages from damaged / 
dented can (C17)

0.379



Autism Spectrum Disorder Questionnaire

186 J. Nepal Paediatr. Soc.

Table 5: Kappa value in test-retest for practice section 
in phase 2 (n=30)

Item Kappa
1. Using plastic feeding bottle (C23) 0.587
2. Using glass feeding bottle (C24) 1.000
3. Using very hot water during preparation 

of milk in the feeding bottle (C25) 0.661

4. Using warm water during preparation of 
milk in the feeding bottle (C26) 0.773

5. Washing feeding bottle with detergents 
(C27) 0.605

6. Boil/ steam/ immerse feeding bottle in 
hot water before usage (C28) 0.541

7. Choose BPA –free products for feeding 
bottles (C29) 0.712

8. Using plastic kitchenware to serve food 
for child (C30) 0.488

9. Use glass kitchenware to serve food to 
your child (C31) 0.675

10. Use plastic container to serve food that 
is still hot for child (C32) 0.551

11. Use plastic container to store food for 
child (C33) 0.515

12. Use glass container to store food for 
child (C34) 0.653

13. Child playing with plastic toys (C35) 0.478
14. Child placed plastic toys in his/her 

mouth (C36) 0.482

Table 6: Cronbach alpha value for each section

Section No of item Cronbach 
AlphaInitial Final

Knowledge 9 9 0.78
Perception 6 4 0.66

Practice (Phase 1) 18 13 0.70
Practice (Phase 2) 14 9 0.60
Self care products 13 13 0.72

Table 7: Loading factor for practice in usage of plastic-
based food contact materials by mothers 
during pregnancy (phase 1)

Item Domain
1 2 3 4

Using plastic 
kitchenware for 
serving food (C5i)

0.678

Heating food in plastic 
containers (C12) 0.666

Using plastic 
container for storing 
food (C4i)

0.414 0.369

Home cooking (C1) 0.765
Using non plastic 
kitchenware for 
serving food (C5ii)

0.658

Choosing packed 
food (C10i) 0.494

Using plastic 
utensils during meal 
preparation (C3ii)

0.374 0.459

Eating fast food (C9) 0.803
Frequency of taking 
canned food/ packed 
food (C16)

0.780

Pre-packed raw 
materials (C2i) 0.588 0.342 0.335

Using plastic 
containers to serve 
food or drinks that are 
still hot (C13)

0.502 0.444

Re-use plastic 
containers (C11) 0.736

Consume packaged 
water /food that was 
left in the hot sun 
(C14)

0.674

Fig. 1: The model for practice in usage of plastic based 
food contact materials by mothers during pregnancy 
(phase 1)

Fig. 2: Model for practice in usage of plastic-based 
food contact materials after birth up to 1 year old 
(phase 2)
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this MLE method, it is necessary to fulfi l the assumption 
of Multivariate Normality (MVN) where this assumption 
is fulfi lled if the critical ratio (cr) for multivariable kurtosis 
is < 5. The model has been found to have cr = 11.179. 
Therefore the model does not satisfy the assumption 
for multivariate normality. Since assumptions for 
multivariate normality are not met, the Asymptotically 
Distribution-Free method was used.29 The value of 
CMIN/DF = 2.067 (< 3), Goodness of Fit Index GFI = 
0.946 (> 0.90), Approximation Goodness of Fit Index 
AGFI = 0.916 (> 0.90), Tucker-Lewis Index TLI = 0.759 
(> 0.90 ), Comparative Fit Index CFI = 0.821 (> 0.90), 
Root Mean Squared Error of Approximation RMSEA 
= 0.065 (< 0.08). Bootstrap method has also been 
implemented for cross validation of the model that 
has been generated. The Bollen-stein Bootstrap test 
on this model gives a value of p = 0.274; in which the 
test did not reject the null hypothesis and the model is 
considered correct.

Table 9 shows the loading factor of the practice of 
using plastic-based food contact materials after birth 
and up to one year old (Phase two). The conditions 
for the factor exploration analysis have also been met, 
in the assessment of the adequacy of the sampling is 
satisfactory (Kaiser-Meyer-Olkin KMO = 0.623) and 
the Bartlett’s Test of Sphericity value indicates there is 
relationship pattern between the data and that the data 
is appropriate for the factor exploration analysis (χ2 = 
274.153, df = 36, p < 0.001). All items have diagonal 
elements in the Anti-Correlation Matrix above 0.5, that is 
between 0.523 up to 0.815.28

This model describes 54.981 percent of the 
total variance in this preliminary study. For domain 
1, it consists of three items of questions and has an 
Eigen value of 2.187 which represents 24.299 percent 
variance in the data. Domain two consists of three items 
with Eigen value = 1.532 and this represents 17.027% 
variance. Meanwhile, domain three consists of three 
items with Eigen value = 1.229 representing 13.655% 
variance in data.

Figure 2 is the model obtained after the confi rmatory 
factor analysis is conducted for the practice in usage 
of plastic-based food contact materials after birth up to 
one year old (phase two). The model is analysed using 
the Maximum Likelihood Estimation (MLE) method. This 
model meets the assumption of Multivariate Normality 
(MVN) where it is fulfi lled if the critical ratio (cr) for 
multivariable kurtosis is < 530 and from this model, the 
critical ratio obtained was 4.372. In this way, the value 
of CMIN/DF = 1.627 (< 3), Goodness of Fit Index GFI 
= 0.967 (> 0.90), Approximation Goodness of Fit Index 
AGFI = 0.938 (> 0.90), Tucker-Lewis Index TLI = 0.897   

Table 8: Loading factor for practice in usage of plastic 
based food contact materials after birth up to 
one year old (phase 2)

Item
Domain

1 2 3
Using plastic feeding bottle 
(C23)

0.789

Boil/ steam/ immerse feeding 
bottle in hot water before 
usage (C28)

0.726

Washing feeding bottle with 
detergents (C27)

0.632

Child playing with plastic toys 
(C35)

0.778

Child place plastic toys in his/
her mouth (C36)

0.811

Using plastic kitchenware to 
serve food for child (C30)

0.479

Use plastic container to serve 
food that is still hot for child 
(C32)

0.763

Using very hot water during 
preparation of milk in the 
feeding bottle (C25)

0.695

Use plastic container to store 
food for child (C33)

0.654

Table 7 is the loading factor obtained after running 
the exploration analysis in phase 1. This model is found 
to comply with confi rmatory factor analysis conducted 
subsequently. The conditions for the exploratory factor 
analysis have also been met, in which the evaluation for 
adequacy of sampling is 

satisfactory (Kaiser-Meyer-Olkin KMO = 0.745) 
and the value of Bartlett’s Test of Sphericity shows that 
there is a relationship pattern between the items (χ2 = 
483.925, df = 78, p < 0.001). All items have diagonal 
elements in the Anti-Correlation Matrix of above 0.5 
(0.659 to 0.808)28.

This model describes 53.6 percent of the total 
variance in the pilot study data. Domain 1 consists 
of three items with an Eigen value of 2.999 which 
represents 23.072 percent variance in the data. Domain 
2 consists of four items with Eigen value = 1.765 and 
this represents 13.579% variance. Domain 3 consists of 
3 items with Eigen value = 1.189 representing 9.144% 
variance in the data. Whereas, domain 4 consists of 3 
items with Eigen value = 1.015 and represents 7.808% 
variance in data.

Figure 1 is the model obtained for practice section 
in phase 1 after the exploratory factor analysis was 
conducted. Initially the model was analysed using the 
Maximum Likelihood Estimation (MLE) method. Using 
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(> 0.90), Comparative Fit Index CFI = 0.931          (> 0.90), 
Root Mean Squared Error of Approximation RMSEA = 
0.050 (< 0.08) was found. Therefore this model is fi t to 
be used.

After both exploratory and confi rmatory factor 
analysis were carried out, the fi nal model for phase one 
consists of four domains with 13 items compared to the 
initial model that consist of eight domains and 18 items. 
The fi nal model for phase two consists of three domains 
with nine items compared to two domains and 14 items 
initially.

Discussion

During validation process, there are several 
items of questions that are considered important in 
the assessment of exposure to the plastic-based food 
contact materials were left out from the fi nal model. Due 
to the importance of the questions and after discussions 
among researchers, the important questions were 
grouped and analysed separately as another factor. 
According to all indicator points in the validation process, 
these questionnaires have gone through a systematic 
process, therefore they are valid and reliable to be used 
in studying the exposures of bisphenol A and phthalates 
ester from plastic based food contact materials. 

Diet is the main route for bisphenol A and phthalate 
esters (endocrine disruptor chemicals) to enter the 
human body. Bisphenol A and phthalate esters are 
widely used in the manufacturing of plastics and 
plastic-based food contact materials are the main 

source of these endocrine disruption chemicals. This 
questionnaire assesses the exposure to plastic-based 
food contact materials as reported by respondents. 
There were no comparisons between the results of this 
questionnaire with the level of bisphenol A and phthalate 
esters in human body due to unavailability of accredited 
laboratory during this study.    

However, the questionnaire is able to provide an 
estimate of exposure, in which it assessed the exposure 
based on the habitual use of plastic-based food contact 
materials for each individual. This questionnaire shows 
a long-term exposure to plastic-based food contact 
materials for each individual because human habits 
are diffi  cult to change. In contrary, by using laboratory 
methods, the concentration of bisphenol A and phthalate 
esters will be analysed using their metabolites in urine 
samples. It indicates short-term exposure because of 
the short lifetime of bisphenol A and phthalate esters in 
human body. 

The questionnaire can be improved in the future 
by comparing it with concentrations of bisphenol A and 
phthalate esters in the human body.  This is to ensure 
the questionnaire is good in estimating the exposure of 
the chemicals.

Conclusion

Based on the results of validation, this questionnaire 
can be used to assess the exposure of bisphenol A and 
phthalate esters in plastic-based food contact materials. 
However, it can be improved if the questionnaire is 
validated with a laboratory method.
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