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Original Research Article

Avoidance of junk food during pregnancy, lactation and early years of child life:
A step towards the prevention of attention deficit hyperactivity disorder

Abstract:

Background: Attention deficit hyperactivity disorder (ADHD) is a neurodevelopmental disorder
which leads to a myriad of psychiatric and stoical consequences. Aim: Analyze the relationship
between junk food and soft drinks (JESDs) consumption of pregnant and lactating mothers and
their children and the development of ADHD and related disorders among children. Methods:
Primary school children in Kohat, Khyber Pukhtonkhuwa Province, Pakistan were surveyed.
Results: Among 1200 children interviewed, 752 were entered into the analysis. The children's
JESDs intake pattern is as follows: 144 (19 %) mild, in 144 (19 %) moderate, 464 (61.70 %)
excessive. The mothers' JEFSDs consumption pattern was 181 (14.1%) mild, 209 (27.8%)
moderate, 362 (48.1%) excessive. All levels of JESDs consumption in children were
significantly associated with variable degrees of ADHD or the related conditions [*(df=3)17.5, p
0.0006]. Also, all levels of JFSDs consumption of the mothers were significantly associated with
JFSDs in respective children [x*(df=2), 13.948, p 0.0009]. Boys were consistently at greater risk
for ADAH and related psychological disorders [x*(df=3), 8.17, p 0.042]. Conclusions: The
frequency of ADHD and related psychological disorders among young children increase with
increased JFSDs consumption of the children. Children to mothers used to consuming JFSDs
during pregnancy or lactation tend to be JESDs consumers. Cultural and economic factors could
impact the likelihood of ADHD variably between both genders in Pakistani child populations.

Keywords: ADHD, students, junk food, Kohat, Pakistan.
Introduction:

Epidemiological studies have shown that infants exposed to an increased supply of nutrients
before birth are at increased risk of becoming overweight or obese in later life. [1,2] Further, the
effect of junk food consumption by mothers-to-be ewes upon the eating attitude of respective
newborns lambs during early life and as they grow up has been recently asserted. Experimental
research led by Beverly Miihlhdusler in Australia is the first to show such effect at this early age
of a child's life. [3] Inferences from Miihlhdusler et al., work [3] indicate that junk food during
pregnancy leads to “programming” of the ewes’ lambs-to-be and they become addicted to a high
fat and high sugar diet by the time they are weaned. In these experiments, it was found that

a junk food diet in pregnancy and lactation desensitized the normal reward system fueled by
these highly palatable foods. The offsprings in these studies were less sensitive to opioid
hormones (“feel good" hormone); which are produced by the body as a “reward response” (in
response to fat and sugar) indicate that the “reward pathway” (opioid signaling pathway) in the
offspring was less sensitive than those whose mothers were eating a standard diet.
Experimentally too, fetal exposure of maternal junk food in rats seriously interrupts the neuronal
pathways of the mesolimbic reward center by altering the receptor expression in these
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specialized areas of brain and as a result the offsprings of these rats prefer fatty food intake over
other foodstuffs. [4]

Effects of junk food on neurological and behavioral health: The term junk food was explained
by Michael Jacobson for certain categories of food which have either little or no nutritional value
or have nutritional value but contain unhealthy ingredients: artificial colorings (AFCs) and
preservatives; or completely unhealthy for use. [S] As far as the effect of junk food on the
individual’s health, the provision of hyperactivity and or inattention disorders, specifically
ADHD particularly in children has been a matter of extensive research in a variety of community
and experimental settings. The burden of these disorders upon the community and the individuals
warranted diligent work to mitigate these risks. For instance, ADHD alone affects up to 10% of
children in the United States, and the prevalence of this disorder has increased steadily over the
past decades. [6] The exact cause of ADHD is unknown. However studies suggest that it is
associated with a disruption in dopamine-mediated signaling whereby dopamine D, receptors are
reduced in reward-related brain regions. [7] This same pattern of reduced dopamine signaling is
observed in various reward-deficiency syndromes associated with food and drug addiction, as
well as in obesity.

Some researchers concluded that if mothers refrain themselves from eating junk food during
pregnancy can prevent the abnormal neuronal circuitry in the mesolimbic reward centers of the
offspring, and hence increased junk food preferences in childhood and later in life. [4,8].

Junk foods, in turn, by large contain toxic ingredients, which are incriminated in the development
of inattention/hyperactivity and ADHD symptoms. Many studies recently have been working in
this track and conclude that food preservatives, particularly AFCs are causing increased ADHD
symptoms among children in the general population. [9] However, there are still a controversy
about such relationship and its strength. [10-14] The issue is that AFCs are mainly present in junk
foods. [15-19] The effect of AFCs on brain function mimics that of addictive drugs, such as
cocaine and heroin which interfere with neuronal activity of brain. [20] These pathways are
seriously interrupted by the in-utero exposure of fetus to junk food, which increases the
offspring’s preference for junk food [21] which will compel them to over-eat junk food later in life
as compared to others. [22] On the other hand, the role of many factors other than JFSDs in
causing and influencing the tendency for ADHD has been addressed in a large body of research.
Genetic factors have been suggested by many investigators as a principal culprit for ADHD. [23]
On the other hand, environmental factors have also been highlighted as risk for genetically
predisposed individuals to the development of ADHD behavioral changes. [24,25]

Yet, as a whole the remarkable increase in the liability and frequency of hyperactive in subjects
with sustained junk food use has been consistently emphasized. [26,27]. The theory of sagvolden
et al., [28] still offer an explanatory model of ADHD anatomical and functional disturbances as
being caused predominantly by a hypo-dopaminergic mesolimbic (affecting the mesocortical and
nigrostriatal) system, leading to abnormal reward and extinction processes. In fact, most ADHD
mechanisms studies and trials data have been derived from observations on rat species, and
sagvolden et al., [28] model has been perceived by some as an oversimplification of ADHD
pathophysiology. This criticism reflects the subsequent limitation of the use of animal models to
explain higher mental disorders in human. [29]
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Presentation and complications of ADHD (and related disorders): According to the Diagnostic and
Statistical Manual for Mental Disorder, 4™ Edition (DSM-IV) diagnostic criteria, ADHD is a
neurodevelopmental disorder characterized by impairment in the executive functions of brain that
includes inattention, hyperactivity and impulsivity. [30] In practice, too, inattention, hyperactivity
(restlessness in adults), disruptive behavior, and impulsivity are common ADHD criteria. [31,32]
With this symptomatology profile, it is often difficult to define ADHD and related disorders, as it is
hard to draw a line at where normal levels of inattention, hyperactivity, and impulsivity end and
significant levels requiring interventions begin. Thereby, ADHD is diagnosed before the age of six
and out of these diagnosed cases 60 % shows ADHD symptoms in their adulthood. [33] According to
the DSM-V, symptoms must be present for six months or more to a degree that is much greater than
others of the same age, [34] and they must cause significant problems functioning in at least two
settings (e.g., social, school/work, or home). As far as presentation, ADHD individuals could

be predominantly inattentive, predominantly hyperactive-impulsive, or a combination of both
presentations. [32] Clinically, inattentive ADHD patients are easily distracted, miss details,
frequently switch from one activity to another, become bored with a task after only a few minutes,
have difficulty learning something new, poorly completing or turning in homework assignments,
daydream, and struggle to follow instructions. [35] Likewise, hyperactive/impulsive ADHD patents
tend to be fidget and squirm in their seats, talk nonstop, touching or playing with anything and
everything in sight, have trouble sitting still during school, have difficulty doing quiet tasks or
activities, blurt out inappropriate comments, act without regard for consequences, and interrupt
conversations or others' activities; [35] On the other hand, ADHD associated disorders occurs in
about two-thirds of the time. Some commonly associated conditions include a) learning disabilities
(20-30% of ADHD children) with developmental speech and language disorders, [36] b) “Tourette
syndrome”, [35] which encompasses a broad spectrum of motor and vocal tics of variable severity
and chronicity, [37] ¢) “oppositional defiant disorder” (ODD) and conduct disorder (CD) [38] which
mainly involve antisocial behaviors such as stubbornness, aggression, temper tantrums, lying, and
stealing, d) “restless legs syndrome”, which is often attributed to iron deficiency anemia associated
with ADHD mostly in boys, [38], and e) sleep disorders (either as ADHD comorbidity or as a side
effect of ADHD medications). Further, ADHD is a predisposing factor of other psychiatric conditions
such as antisocial personality disorder, bipolar depression (BPD) symptoms, [39] and substance
abuse. [40] Other consequences include low educational level, poor socioeconomic conditions and
tendency towards criminality. [41,42]

Sex variation: Whereas junk food impacts the executive functions such as inattention,
hyperactivity and impulsivity, [30] observations also suggest that males are at greater risk of
developing neuro-psychological ailments related to such exacerbated neurological functions,
namely ADHD symptoms or related varieties. Most studies on the impact of palatable food
intake on the mesolimbic reward system have been conducted in males. [4] In their controlled
trial on the effect of maternal junk food feeding of rat dams on altering food choices and
development of the mesolimbic reward pathway in the offspring, Ong, et al. (2011), [4] found
that chronic intake of a palatable cafeteria diet (CD) and subsequent abstinence influence fat mass,
food intake and key gene expression of the mesolimbic reward system unequivocally differently in males
and females. While chronic CD intake increased fat mass in all CD rats but body weight and chow intake
were reduced during the period of cafeteria diet abstinence, probably due to reduced tyrosine hydroxylase
(TH)- mRNA in male CD and CD withdrawal rats, but increased in female counterparts, together with a
reduced dopamine active transporter (DAT), D1 mRNA in CD and CD-W females, but increased in CD
males, compared to Controls. Likewise, p-opioid receptor expression was reduced in CD and CD-W
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males but not females]. The study concluded that investigating sex differences in the neurobiological
response to palatable food intake in future researches should include both sexes. This work was based
on the hypothesis that JESDs intake in the perinatal period may lead to increased food preference
towards junk food among offsprings, and who in turn become liable to developing ADHD or
related symptoms.

Methods:

This school based retrospective study was conducted between September 2015 and January 2016
on 1200 children, 4 — 7 years of age, randomly selected from the primary school system of Kohat
educational district, Khyber Pukhtunkhuwa, Pakistan. Twelve schools were included in the
survey, six of them were private institutions and six governments’ and all were randomly
selected considering rural, urban, and gender wide distributions. Data collection took place at
two study settings, school and home. Further, predesigned instruments and clinical interview of
selected children would be utilized to collect study data. The instrument part consists of two sets
of questionnaire forms. One set is to be distributed among school teachers and consists of a
consent form and a self-reporting questionnaire reflecting DSM-IV diagnostic criteria for rating
of children inattention and hyperactivity during school time. Another set consists of a consent
form and three other predesigned questionnaires to be sent to the parents of the sample students
(through the cooperation of school administration). The parent-administered questionnaires were
meant to collect data from parents, as will follow: a) the first questionnaire sent to the mothers
and addresses demographic criteria and different types of food intake, both healthy and junk
during the course of respective pregnancy, (including first, second and third trimester; b) the
second questionnaire covers food preferences of respective children so as to ascertain the child’s
healthy and junk food and their weekly food menu; c) the third questionnaire relates to
symptoms of ADHD and related disorders, as derived from DSM-IV diagnostic criteria. The
students’ JESDs eating habit for each sample unit could be divided into three levels: mild JFSDs
eaters who use 1-20 junk food items per week, moderate JFSDs eaters who eat 20-30 junk food
items per week, and excessive JFSDs eaters who eat 30 and above of junk food items.

All questionnaires were designed and modified in local Urdu language. The questionnaire
distributed among schoolteachers also includes the DSM-IV diagnostic criteria for the diagnosis
of ADHD (and consists of 18 items), for the teacher rating of children hyperactivity level. The
study questionnaires were collected after one month. The food taken by the mothers during
pregnancy and the food preferences of children would be compared to see the effect of in-utero-
and via lactation -exposure to different foods on the children preferences. Similarly, the
hyperactivity scores recorded during the two settings, i.e., school (by the teachers) and homes
(by the parents), were compared for the diagnosis of ADHD.

In developing the questionnaire instruments, these researchers aimed to examine available
studies which of similar coverage. Thorough literature review and incorporating correlates of
potential association with the study outcomes of our concern helped integrate those items most
useful to enable examining the correlates of the study’s best interest. The proposed
questionnaires were then reviewed by a panel of community research experts and scholars in the
same study field, e.g., including nutritionists, pediatric psychologists to assure maximum
questionnaires’ validity. Modifications of the questionnaires were done, based on the received
experts’ remarks. Extensive effort has also been done to ensure highest reliability levels possible.
Therefore, pilot administrations were undertaken to measure the questionnaires’ test-retest
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reliability levels. Fifty-six sets of questionnaire forms were distributed to teachers and parents to
respond to (response-a) and reveal the food intake patterns and ADHD information of the
respective children, as per the study design. (Thirty-one questionnaire sets sent to boys’ school
and 25 questionnaire sets sent to the girls’ school in central Kohat educational district). The same
questionnaires were given to the same pilot sample one week later (response-b). A panel of juries
was invited to judge the responses. Test-retest reliability assessments of the pilot questionnaires’’
items were carried out using Spearman rko. Obtained correlation coefficients for each pair of
items (response-a; and response-b) were all significant on all correlations (p<0.05) and indicating
strong correlation on most items (ranging between 0.77 — 0.90. The questionnaires take between
20-30 minutes to complete. Necessary clearance and formal approvals were obtained from the all
concerned parties, including Kohat schooling administration, and Kohat school health
department research ethics committee before the study. Onsite, teachers and students were
informed about the aim of the study prior to the completion of questionnaire, indicating that
participation was voluntary, as well as anonymity and confidentiality of the gathered data, and
assuring that only generic outcome data might be disseminated through scientific channels.

Psychiatrist help was taken to confirm any hyperactivity symptoms of children, which would be
labeled either as ADHD, inattention (attentive disorder), hyperactivity below threshold level
(hyperactivity/impulsivity) and no sign of hyperactivity. In setting criteria for considering ADHD
diagnoses using DSM-IV hyperactivity scoring, six inattentive symptoms and six symptoms of
impulsivity and hyperactivity were consistently used. After confirmation of the hyperactivity level,
it was compared with the food preferences of children to identify the relationship of hyperactivity
with different types of food items. Thereby, three specific questions would be addressed to measure
this relationship: “whether a hyperactivity diagnosis of a subject sample students is related to junk
food intake”, “if there any relationship of food preferences of the student is related to the food
intake by the mother during pregnancy,” and “whether avoiding junk food during pregnancy could
be solution for the prevention of ADHD.” Other than age and a school attendance record >75%, no
boy or girl student would be excluded from the study. Also, in order to be included in the analysis,
only returned questionnaires with 80% or more valid answers would be entered. Ultimately, each
child surveyed was subject to five encounters, ADHD questionnaire the teacher in charge had to
return, and three questionnaires for the mother to respond to, as above, and a clinical psychological
interview. Therefore, in reporting the study results, we may often refer to any studied children as
“study sample unit” or simply “sample unit”.

Statistical analysis: Collected data and verified variables were all coded and entered into a
Microsoft (MS) program with adequate backup. Descriptive statistics, e.g., numbers and
proportions were displayed. Statistical analytical techniques were used, as appropriate. For the
most research, the association between categorical variables, e.g., influence of maternal JFESDs
intake during pregnancy or lactation upon on the level of respective children’s JFSDs intake
pattern could be assessed using the Chi square (y°) test of independence, (Fisher’s exact alternate
might not be used as no expected frequency of the tested subcategory cells was less than five),
and so forth. (The JFSDs consumption encompassed three levels mild, moderate and excessive,
as above). In the analysis, too, the study population sample may often be stratified by gender and
geographical residence (as rural and urban) and in which case, the influence of the input of
interest, e.g., JESDs intake of the children upon the risk for ADHD or related disorders could be
measured using y” test technique. The “Statistical Package for Social Sciences” (SPSS) software
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for Microsoft- version-20 was used for the analysis. All tests were conducted at level of
significance a=0.05; results with p-values<0.05 will be considered statistically significant.

Results:

Out of 1200 children surveyed, 752 (62%) turned valid questionnaire responses. Boy students

accounted 403(53.6%) and girls accounted 349(46.6%) were female students, yielding a male-to
female ratio of 1.15:1.
Table 1: Distribution of the study children with behavior disorders by JESD consuming pattern
Children's | ADHD Attentive |[Hyperactivity | No signs of
JESDs disorder impulsivity | ADHD Test p-value
consumptio | No. | % | No. | % No. | % No. | % Total | % | statistic
n pattern
Mild 5 0.6 |21 |28 |24 |32 94 12.5 | 144 | 19.1] ¥*(df=3) | 0.0036
13.50
Moderate 9 1.2 |18 |24 |19 |25 98 13.0 | 144 | 19.1] ¥*(df=3) | 0.0006
17.50
Excessive 33 |44 | 128 |17.0 |87 |[11.6 216 |28.7 | 464 |61.7] ¥*(df=3)|0.0004
18.34
Total | 47 | 6.3 | 167 |22.2 | 130|17.3 |408 |54.2 | 752 |00.0

As in Table 1, among 752 children analyzed, their JEFSDs consumption pattern was as follows:
144 (19 %) mild, in 144 (19 %) moderate, 464 (61.70 %) excessive. All levels of JESDs
consumption in children were significantly associated with a level of ADHD. For instance, 46
(6.1%) of moderate JFSDs consuming children had either ADHD, attentive disorder, or
hyperactivity/impulsivity disorder [x*(df=3)17.5, p 0.0006].

Table 2: Impact of mothers' junk food and soft drinks consumption pattern during pregnancy
upon junk food and soft drinks consumption among their children

Mother's JFSDs Children JFSDs consumption pattern

consumption pattern | Excessive | Moderate Mild Total | % Test p-value

during pregnancy No. % No. | % No.| % | Total | % statistic

Mild 133 [ 17.7 |24 [3.2 |24 |32 181 |[14.1 |y¢°(df=2)]0.001
40.05

Moderate 122 [ 162 [43 [57 |44 [59 [209 |[27.8 |y¢°(df=2)]0.0095
9.32

Excessive 209 |27.8 |77 102 |76 |10.1/362 |48.1 |x*(df=2)]0.009
13.95

Total | 464 | 61.7 | 144 | 19.0 | 144 | 19.0| 752 |100.0




255  Table 2 displays the mothers' JESDs consumption pattern in the perinatal period, which was

256  found to be mild in 181 (14.1%) mothers, moderate in 209 (27.8%) mothers, and excessive in as
257  many as 362 (48.1%) mothers. All levels of JFSDs consumption of mothers were significantly
258  associated with JFSDs in respective children. For instance, excessive JESDs consuming mothers
259  produced 362 (48.1%) children with variables levels of JESDs consumption [excessive in 209
260  (27.8%) children, moderate in 77 (10.2%) children, and mild in 76 (10.1%) children, [Xz(df=2),
261  13.948, p 0.009].

262

263  Table 3: Distribution of the study children with behavioral disorders by residence and gender
264

Children's junk food ADHD Attentive Hyperactivity | No signs of
and soft drinks disorder / impulsivity | ADHD
consumption pattern v*(df=3) | p-value
By gender No.| % |No. |% No. | % No. | %
Female 20 2.7 |82 109 | 58 7.7 189 | 25.1
By residence by gender
Urban
Total children 36 |48 | 104 |13.8 |92 122 | 272 |36.2
Male 19 | 3.8 [53 10.5 | 49 9.7 161 319 | 997 0.026
Females 17 135 |51 10.1 |43 8.5 111 |22.0
Rural
Total children 11 |14 |63 84 |38 5.1 136 | 18.1
Male 8 3.2 |32 12.9 |23 9.3 58 234 | 356 0.035
Females 3 1.2 |31 12.5 | 15 6.0 78 31.5

265

266  Table 3 shows that male children were consistently at greater risk for ADAH and related

267  psychological disorders, as such as ADHD 27(3.6%) v. 20(2.7%); attentive disorder 85(11.3) v.
268  82(10.9%), and hyperactivity /impulsivity 72(9.6%) v. 58(7.7%), [x2(df:3), 8.17, p 0.042]. All
269  these figures add up to 184(24.7%) male children with variable degrees and types of ADHD,
270  compared to 160(21.3%) female counterparts (Table 3).

271

272 Discussion:

273

274  This study was designed to be conducted on a sample of young students of Kohat population in
275  Pakistan. A sample as large as 1200 students was first targeted to ensure maximum study

276  representativeness of the target child population. This allowed adequate make up for the

277  expected proportion of invalid data such as incomplete questionnaires responses and dropout.
278  Early in the study, for instance, many parents refused to sign the consent form and opted to
279  withdraw their children from the study cohort. Overall, 448 parents did not attend the survey,
280 392 out of which refused to take part in the study. These 392 were of the opinion that such

281  studies are useless and wastage of time. A group of parents, which numbered 28 refused after
282  reading and gaining knowledge about the study and thought they cannot disclose their personal
283  information of food preferences, particularly during pregnancy and lactation. Out of the 448
284  parents 28 mothers could not recall their food preferences during the perinatal period so no data
285  could be collected from them though they were willing to participate in survey and allow their
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children to take part in the study. Some of the parents numbered 94 were so enthusiastic that they
added certain extra food items, which were not present in the list provided of the survey form.
This was evidence that some of the parents were so interested to explore more and more about
the behavior and activity level of their children.

During the study we found that mother’s dietary habit mostly remained the same all through
pregnancy, and also lactation and early period of respective child development. This consistent
behavior of mothers, especially for JESDs has significantly shown a strong association with their
children food preferences in later life. The next ring in this JFSDs- AFCs chain is the probability
of hyperactivity of children and then the predicted complications in terms of morbid behavioral
health early in life, [30] as well as the myriad of psychiatric disorders that may end up with
substance abuse, BPD, and antisocial personality behavior. [43] In this study three JESD-groups
were identified, mild, moderate and excessive JFESD users. The junk food taken by the children is
almost the same as the mothers' junk food eating behavior, including items such as chips, pizza,
ice creams, candies, biscuits, chocolates, juices, pastries, burgers, chowmain, soft drinks,
different fruit jellies, and the likes. Alarmingly, the majority (62.70%) of the studied children are
excessive JESD users, probably reason why some number of the sample frame parents refused to
participate because they would have to disclose information about the mother’s feeding attitude
during pregnancy. Alarmingly, too, male students dominate the female students in mild JFESDs
preference, and dominate more heavily moderate and excessive JFSDs consumption (2.2 times
than female). The same gender pattern of junk food consumption had been reported in other
studies. While some of these studies are criticized as they were only conducted on male recruits,
[4] The gender variation status in Pakistan may be due to different reasons. Cultural and
economic factors intervene. In rural Pakistan, men have more access to life opportunities,
including entertainment and junk foods and soft drinks than women who are still more
submissive in such a man dominant society. Kohat is no departure from rural Pakistan. Boys
there have more freedom to move, hang around, and are more fortunate; having exposure to life
opportunities, even if unhealthy such as getting JFSDs for leisure. Girls, in contrast, are way less
fortunate; many may be more toward being home bound. Likewise, urban residents show greater
tendency for JFSDs intake compared to rural nationals, probably due to the difference in the
purchasing ability in favor of urban society. In the former, lower income, less hoteling trend, and
more home-cooking, all may be leading causes.

In this study, the more the junk food used by the child the more they are prone to ADHD or
ADHD symptoms are noticed in the child. [3,44] All together out of 752 there were 403 male
students responded to the surveys as compared to 349 female students, 47 samples students were
found having complete ADHD thus frequency of our studied population was 6.3 % which is
almost similar to the 3-10% recorded by the CDC USA, [45] which shows that ADHD is has a
strong correlation with eating habits of the children rather than culture and geography. One more
important strong positive relationship may be seen in mothers eating habits during pregnancy,
lactation and six months after stopping lactation with that of their respective studied children.
Mothers utilizing excessive junk food and soft drinks during those three stages had 27.8% of
total children with excessive junk food and soft drink preferences and 10.2% as moderate. Such
finding shows that eating habit of mother does have effect on the eating habit of the children.
This association may well be supplemented by several additional factors identifed in the study
ranging from rural and urban distribution, education background of the mother, cooking habits of
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the mothers and eating outside habits. The male / female difference in JFSDs utilization pattern
observed in this work which supports the cultural male dominance in Pakistani rural society
makes perceiving AFCs as single source of ADHD less likely. Multiple other factors, e.g., family
and mother eating habit, culture, access to junk food and socio-economic status, all play a pivotal
role in labeling a child as ADHD. There were two main limitations of the study first being
cultural and religious taboo as questions were related to pregnancy and lactations, which was the
main cause of less participation of mothers and students. Second study limitation was due to its
retrospective nature therefore appropriate amount of junk food intake by mothers during
pregnancy lactation and early years of child life cannot be calculated therefore frequency of
intake by mothers according to weekly food menu was taken as one of the variable. Keeping
these constrains in mind a systematic and detail prospective study might be needed. The most
commonly used coloring agents in all these junk food studied were E122 (Carmoisine), E129
(Allura Red), E133 (Brilliant Blue) and E150 but the important limitation of the study was the
failure of finding out which one AFC is causing hyperactivity and to which extent for which
more research studies should be done.

In conclusion, avoiding junk food during pregnancy, lactation and early years of child
development can decrease the child preferences for junk food which decrease the frequency of
ADHD/hyperactivity. Nonetheless, prospective studies should be undertaken to identify the
contribution of in-utero exposure, exposure during breast milk and provision during early years
of child development to junk food preferences later in life. There is also a need to specify the
specific AFCs and their doses, which are solely responsible for the development of
ADHD/hyperactivity
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