ISSN: 2320-5407 Int. J. Adv. Res. 9(02), 15-21

1

Journal Homepage: -www.journalijar.com INTERNATIONAL JOURNAL OF

ADVANCED RESEARCH (IJAR)
ISSN 2005407

INTERNATIONAL JOURNAL OF oo
~= | ADVANCED RESEARCH (IJAR) }

Article DOI:10.21474/1JAR01/12412
ISSN NO. 2320-5407 DOI URL: http://dx.doi.org/10.21474/1IJAR01/12412 v ¥

RESEARCH ARTICLE

AN OVERVIEW OF THE CAUSATIVE RISK FACTORS OF ATTENTION DEFICIT HYPERACTIVITY
DISORDER AMONG CHILDREN

Samah Mohammed Al Johani

Manuscript Info Abstract

Manuscript History Attention deficit hyperactivity disorder is a complicated disorder that
Received: 01 December 2020 affects children's cognition and behavior. The exact cause of ADHD is
Final Accepted: 05 January 2021 not known; however, multiple risk factors may be involved. This study

Published: February 2021 aims to provide an overview of the different risk factors involved in the

K . development of ADHD through reviewing and summarizing all

ey words:- . . . .

ADHD, Attention Deficit, Risk Factors, recently published researches in this respect. Multiple factors were

And Children evaluated to find out their relation to ADHD. Various genetic loci and
mutations were found to be linked to ADHD susceptibility.
Environmental factors as prenatal smoking, maternal obesity, vitamin
D and minerals deficiencies, birth-related problems, pesticides, and
lead exposure, artificial food coloring, and sugar consumption were
investigated and proven to increase ADHD. Structural brain
abnormalities and traumatic brain injury were also involved as risk
factors of ADHD. Although the exact causes of ADHD are not
discovered, multiple genetic, environmental and structural brain
abnormalities proved to play a role in ADHD development. Mutations
in Latrophilin 3 (LPHN3) gene linked with increase ADHD
susceptibility. Reduced gray matter volume may contribute to ADHD
development. Sugar consumption and artificial food colorings increase
hyperactivity in both ADHD and normal children.

Copy Right, IJAR, 2021,. All rights reserved.

Introduction:-

Attention deficit hyperactivity disorder (ADHD) is a neurobehavioral disease that is characterized by inattention and
hyperactivity-impulsivity with an estimated global prevalence of 2.2 to 17.8%1. ADHD is considered to be a
childhood disease; it commonly affects preschool children with a decline in symptoms during maturation to
adulthood. According to gender, males are three times more likely to be affected by ADHD than females, and
primary school children are twice more likely than adults 2.

Up to date, the exact cause of ADHD is unknown. Most of the studies support that ADHD is a heritable disease
associated with multiple gene mutations and many other environmental factors including prenatal as well as
perinatal factors 3. These environmental factors include prenatal maternal obesity and Tobacco usage, food
additives, preterm birth, white-gray matter distributions abnormalities and chronic deficiencies in certain types of
nutrition and minerals, for example, iron, zinc, magnesium and polyunsaturated omega-3 4-7.

The aim of this study is to provide an overview of the different risk factors involved in the development of ADHD
through reviewing and summarizing all recently published researches in this respect.This wouldpromote the
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awareness and knowledge of the community about the possibleADHD causativefactors, and help in designing
preventive strategies to decrease the incidence of ADHD.

Discussion:-

Genetic background:

ADHD is believed to have a very strong relation with gene abnormalities due to the high incidence rate among
families and twins. Its heritability estimated to be 40-90% 8.

Studies confirmed many chromosomal regions that are more likely to be linked with ADHD occurrence, these are
5p, 6q, 7p, 11q, 12q, and 17p, however, studies are still looking at the exact mutations in ADHD susceptible
children 9. Many studies demonstrated the high relation between Latrophilin 3 (LPHN3) and ADHD occurrence;
LPHN3 can increase the ADHD risk 1.2 folds and the population attributable risk (PAR%) caused by this gene is
almost 9%. A case-control study of 290 ADHD patients and 340 controls aged 6-18 years was done with multiple
tests to investigate the genes polymorphism and ADHD susceptibility, the results showed that the genetic variants of
these four( SLC6A2, SLC6A3, SLC6A4, and LPHN3) genes, particularly LPHN3, was associated with ADHD
occurrence 10. Another study was performed in Korea to demonstrate the relation between LPHN3 rs6551665 A/G
polymorphism and ADHD, data from 150 ADHD children and 322 controls were collected to investigate the genes
by PCR-RFLP, the results confirmed that the LPHN3 rs6551665 GG genotype and G allele cause a significant effect
on the ADHD 11.

On the other hand, a meta-analysis study that was done to determine the candidate genes for ADHD; DRD4 and
DRDS5 were significantly associated with ADHD however, the DAT1 gene did not appear to be involved in ADHD
occurrence 12. Many recent studies showed an association between one allele of the serotonin (5-HTT) and ADHD
susceptibility13.

Prenatal smoking and nicotine exposure:

In utero exposure to nicotine as a result of tobacco smoking is a subject of concern worldwide. Nicotine exposure
includes tobacco smoking, environmental tobacco smoke (ETS) and nicotine replacement therapy. The prevalence
of maternal smoking during pregnancy is estimated by European birth cohorts to be ranged from 18 % to 34% 14.
Many previously published studies observe the high connection between ADHD symptoms and prenatal smoking.
30,552 parents were surveyed to demonstrate the effect of smoking during pregnancy on ADHD, the results showed
that smoking during pregnancy can increase the ADHD risk 2.64 times 15. Yochum C et al. demonstrated the
relationship of prenatal cigarette smoking and behavioral abnormalities through the alternation of serotonin, marked
reduction of striatal and cortical dopamine level and brain-derived neurotrophic factor (BDNF) these based on
authors' studies on rats 16. Linnet KM et al. reviewed 24 studies published between (1973-2002) about the
relationship of prenatal smoking and ADHD related symptoms, the results concluded that most of the collected
studies support the evidence of this causative risk factor. On the other hand, some researchers found no association
between ADHD and maternal smoking 17. Obel C et al. published study in October 2015 by Danish national
register-based cohort, the data of 968,665 singletons were collected and analyzed by the International
Classification of Diseases (10th version) for the diagnosis of hyperkinetic disorder (HKD) the results of this study
suggested no strong association between prenatal smoking and ADHD occurrence 18. Another study was suggested
the same idea about the unclear relationship between maternal smoking during pregnancy and ADHD related
symptoms, in this study a number of 173 families were surveyed and the data analyzed by Child Behavior
Checklist/Teacher Report Form (CBCL/TRF), the results showed that maternal smoking-ADHD relationship was
due to familial confounding rather than a real causal effect 19.

Role of maternal obesity:

The prevalence of obesity is increased in the last decades indicating the sedentary lifestyle of all obese people.
According to WHO, the last report about the worldwide prevalence of obesity showed that 600 million obese
persons complaining from obesity, 15% of them are women 20. Obese pregnant had a two-fold increased risk of
having an ADHD child compared with non-obese pregnant 21. A population-based prospective cohort study of 1714
children investigated the relationship between pre-pregnancy obesity and ADHD occurrence by using DSM-1V
symptoms list, the study concluded that pre-pregnancy obesity was associated with ADHD-related symptoms 22.
Another prospective cohort study of 12,556 school-aged children was conducted to conflict the relationship between
pre-pregnancy obesity and AHD, the results showed that increasing BMI in pregnant women may trigger ADHD
symptoms 23.
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On the other hand, a large population sample of 673, 632 were followed to determine the relation between ADHD
and maternal obesity, the study concluded that the association between ADHD and pre-pregnancy obesity that
recorded in many previous studies is due to unmeasured family confounding factors rather than a direct effect 24.

Artificial food coloring and sugar consumption:

The relation between Artificial Food Colors (AFCs) and children's behavior is a very ancient concern, over 35 years
many studies were conducted to confirm this relation. Most studies concluded that AFCs are not the main cause of
ADHD however, they increase the symptoms of hyperactivity in both ADHD and normal children 25. Randomized,
double-blinded, placebo-controlled trial was done in order to investigate the relation between AFCs consumption
and hyperactivity in 3-years and 8-9 years old children, and the data of 153 3-year old and 144 8-9-year old children
were collected to investigate this association, based on drinking of beverages containing sodium benzoate and
AFCs; results suggested that sodium benzoate and artificial food coloring diet increase the risk of hyperactivity
behavior in children 26. Nigg JT et al. meta-analysis study was conducted by many researchers from Oregon Health
and Science University and the Life Sciences Research Organization, they found that elimination of food dyes and
food additives from the diet can reduce the symptoms of hyperactivity among ADHD children by 33% 27.

Vitamin D deficiency and ADHD:

Vitamin D deficiency (<30 ng/ml) and chronic deficiency in the body' minerals such as iron, zinc, magnesium and
polyunsaturated omega-3 are reported to play a large role in ADHD pathophysiology and are also involved in the
development of many other psychiatric diseases including schizophrenia, autism, and depression 28. In a case-
control study was conducted in Qatar, a number of 630 children with ADHD and 630 controls both aged 5-18 years
old were investigated using multiple of blood tests like iron, ferritin levels, vitamin D, magnesium, calcium and
phosphorus levels, the results confirmed that low blood level of iron, ferritin and vitamin D is associated with
ADHD 29. Brain iron deficiency is considered to be highly involved in ADHD pathophysiology, 18 ADHD children
with 18 controls were investigated by MRI to measure the level of brain iron in pallidum, putamen, caudate, and
thalamus and blood sampling to measure the serum ferritin in both ADHD and controls, the results showed that
brain iron in thalami is significantly low in ADHD children compared with controls 30. Many studies suggested that
low level of blood iron may be related to the pathophysiology of ADHD due to its role in dopamine and
noradrenalin production, to evaluate this relation a study on 113 children 5-15 years was conducted, the ferritin level
was <20 ng/ml in 59% of children and >20ng/ml in 49%, the results suggested the association between low iron
level and ADHD pathophysiology 31.

On the other hand, a meta-analysis study reviewed 17 studies to investigate the relation between serum zinc level
and ADHD susceptibility; they included 2177 ADHD children and 2900 controls, the meta-analysis results showed a
significant relation(P<0.003) between ADHD and low serum level of zinc 32. A case-control study was conducted
in Egypt to confirm the correlation between serum level of minerals (magnesium, zinc, ferritin, and copper) and
ADHD, 58 ADHD children with 25 controls were investigated by lap investigations and the results showed a
significant relationship between serum deficiencies of magnesium, zinc, and ferritin and ADHD susceptibility,
however, no relation between copper deficiency and ADHD 33. Nutrition deficiency of omega-3 (HUFA) has
adverse side effects on the brain and neuron development. A meta-analysis study reviewed 9 studies n=586 to
investigate the relation between omega-3 deficiency and ADHD, the results confirmed thisrelation significantly
P<0.001 34.

Gray and white matter abnormalities:

Gray and white matter abnormalities confirmed by many researchers as a risk factor for ADHD development.
Castellanos FX et al. studied the brain volumes using anatomical MRI to identify their relationship with ADHD; a
number of 57 boys and 55 healthy control aged 5-18 years were investigated, measurement of brain volume in
different regions including globus pallidus, amygdala, cerebellum cerebrum, caudate nucleus, putamen hippocampus
and temporal lobe in both halves were obtained; the results showed that ADHD children have 4.7% smaller cerebral
volume compared with controls 35. Another MRI study was confirmed the association between gray matter
reduction and ADHD 36. Meta-analysis of fourteen neuroimaging studies that were conducted between 2001-2011
comprising 378 ADHD children and 344 controls to investigate the correlation between gray matter volume and
ADHD and the effect of stimulant drugs in increasing this volume, the results concluded that ADHD patients had
reduced gray matter volume mainly in the basal ganglia due to developmental delay also, the results showed that
using stimulants drugs may normalize these structural abnormalities 37. In a voxel-based morphometric study, 25
ADHD children and 25 control aged 6-16 year were investigated, the results showed a general reduction in the brain
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global volume 5.4% compared to matched controls and gray matter reduction with no obvious difference between
ADHD and control groups in white matter 38. Furthermore, Pastura and his colleagues conducted a study using
advanced techniques in magnetic resonance imaging of the brain; they concluded that cortical gray matter reduction
is associated with ADHD in children39.

Birth-related problems:

Many recently published studies confirmed the significant relation between ADHD diagnosis and birth-related
problems such as very preterm and very low birth weight (VP/VLBW). In 2015, the prevalence of preterm births is
estimated by WHO to be 15 million annually. The rate of preterm birth is ranged from 5% to 18% of all born babies
40.

In a longitudinal cohort study, 260 very preterm and low birth weight children were followed from birth to
adulthood to investigate the relationship between preterm and low birth weight children and their chance of ADHD
diagnosis, the data were collected and assessed in 6, 8 and 26 years old, at each assessment preterm and low birth
weight children had a significant attention impairment such as reduced attention span which make them more
susceptible for ADHD than their term-born controls 41. Ochiai M et al. longitudinal study in 2015, assessed 160
preterm and low birth weight children from birth to 9 years old, according to ADHD rating scale (ADHD-RC) the
results showed a significant relation (P<0.01) between ADHD and very preterm children 42. A cohort study of all
children born between 1991-2005 was assessed the risk of developing ADHD as a result of preterm birth, a number
0f 10,321 ADHD children compared with 38,355 controls, the results suggested that the risk of ADHD is markedly
higher at children who born at 23 weeks compared with normally born children(38-42 weeks)43. Another study
concluded that extremely preterm children are associated with ADHD symptoms 44.

Environmental toxins:

Organophosphate pesticides are potent toxins that target the nervous system of insects, it was believed that exposure
to these toxins may cause cognitive decline and behavioral impairment in children. The basic mechanism of
organophosphate pesticides is inhibition of acetylcholinesterase, cholinergic signaling and growth factors mediators
45. To determine the relationship between urine concentration of dimethyl alkylphosphate (DMAP) and ADHD,
data from 1139 children were collected and analyzed according to DSM-IV criteria, 119children were found to
match the diagnostic criteria of ADHD; most of them had a high level of (DMAP). This study concluded that 10-
folds increase in urine concentration associated with an odds ratio of 1.55 46. Trichlorophenols (TCPs) is another
class of pesticides (organochlorine) which was known for its neurotoxicity effects. Exposure to (TCPs) may lead to
behavioral impairment and ADHD in school-aged children 47.

Lead is also considered to be one of the most common environmental toxins. It is almost available everywhere in the
environment. High lead concentration in the blood can cause cognitive decline associated with poor 1Q scores in
children, however, this can also be recorded even when the blood lead level below 10 pg/dl 48. A study was
conducted by National Health and Nutrition Examination Survey on 4704 children aged 4-15 years indicated that
ADHD diagnosis is four times more likely among high blood lead levels compared to normally developing children
49. Additionally, study was conducted in South Korea on 1778 children to investigate the relationship between
blood lead level and ADHD, by using the Korean version of the abbreviated Conners’ scale for ADHD diagnosis
with exclusion of confounding factors, they found a significant association between BLL >2.5 pg/dl and ADHD
development 50. In summary, lead even in small concentrations can act as a risk factor of ADHD.

Conclusion:-

The exact causes of ADHD are not discovered yet; they may vary depending on each individual himself. However,
multiple risks may play a role in increasing the susceptibility of children to develop ADHD; these include genetic
factors, environmental factors, and structural brain abnormalities. Genetic factors play a central role in the
pathophysiology of ADHD with estimated disease heritability of 40-90%.

Latrophilin 3 (LPHN3) is the most common gene that linked with ADHD; mutations in this gene can increase
ADHD susceptibility. Multiple environmental factors are proved to be linked to increasing the risk of ADHD
development as vitamin D and minerals deficiencies, birth-related problems and pesticides and lead exposure.
Prenatal smoking, nicotine exposure, and maternal obesity are the three maternal related risk factors involving in
ADHD. Some structural brain abnormalities as the reduced volume of gray matter are proved to be linked to
increased ADHD risks. Data regarding the relationship between brain injuries and the development of ADHD are
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contradictory. Sugar consumption and artificial food colorings were long believed to be linked to ADHD
development; multiple studies have shown that AFCs are not the main cause of ADHD; however, they increase the
symptoms of hyperactivity in both ADHD and normal children. More studies may be required to explain the
pathophysiologic mechanisms through which these different risk factors lead to ADHD development. Also, large
multicenter studies need to be carried out in Arabic populations to find out if there are any particular risk factors are
linked to ADHD development in our locality. Data collected from these studies may be the basis of large campaigns
to increase community awareness about ADHD and its risk factors.

Acknowledgments:-

Completion of this review wouldn't have been possible without the great support and encouragement of my
supervisor Dr. Abeer Fathi, associate professor of pediatrics, Taibah University. I would like to extend my thanks
for her guidance and support.

References:-

1. AYANO G, YOHANNES K, ABRAHA M. EPIDEMIOLOGY OF ATTENTION-DEFICIT/HYPERACTIVITY DISORDER (ADHD)
IN CHILDREN AND ADOLESCENTS IN AFRICA: A SYSTEMATIC REVIEW AND META-ANALYSIS. ANN GEN PSYCHIATRY.
2020;19:21. PUBLISHED 2020 MAR 13. DOI:10.1186/512991-020-00271-wW

2. 2-Wiistner A, Otto C, Schlack R, Holling H, Klasen F, Ravens-Sieberer U. Risk and protective factors for the
development of ADHD symptoms in children and adolescents: Results of the longitudinal BELLA study. PLoS
One. 2019;14(3):¢0214412.

3. 3-Magnus W, Nazir S, Anilkumar AC, Shaban K. Attention Deficit Hyperactivity Disorder. 2020 Jun 29. In:
StatPearls. PMID: 28722868.

4. 4-Del-Ponte B, Quinte GC, Cruz S, Grellert M, Santos IS. Dietary patterns and attention deficit’hyperactivity
disorder (ADHD): A systematic review and meta-analysis. J Affect Disord. 2019 Jun 1;252:160-173.

5. Fuemmeler BF, Zucker N, Sheng Y, et al. Pre-Pregnancy Weight and Symptoms of Attention Deficit
Hyperactivity Disorder and Executive Functioning Behaviors in Preschool Children. Int J Environ Res Public
Health. 2019;16(4):667.

6. 6-Jenabi E, Bashirian S, Khazaei S, Basiri Z. The maternal prepregnancy body mass index and the risk of
attention deficit hyperactivity disorder among children and adolescents: a systematic review and meta-analysis.
Korean J Pediatr. 2019;62(10):374-379.

7. 7-Huang L, Wang Y, Zhang L, Zheng Z, Zhu T, Qu Y, Mu D. Maternal Smoking and Attention-
Deficit/Hyperactivity Disorder in Offspring: A Meta-analysis. Pediatrics. 2018 Jan;141(1). pii: €20172465.

8. B Franke, S V Faraone, P Asherson, J Buitelaar, C H D Bau, J A Ramos-Quiroga et al. The genetics of attention
deficit/hyperactivity disorder in adults, a review. Mol Psychiatry. 2012 oct;17(10):960-87.

. 9-Elia J, Devoto M. ADHD genetics: 2007 update. Curr Psychiatry Rep. 2007 oct; 9(5):434-9.

10. 10-Gomez-Sanchez CI, Riveiro-Alvarez R, Soto-Insuga V, Rodrigo M, Tirado-Requero P, Mahillo-Fernandez I
et al. Attention deficit hyperactivity disorder: genetic association study in a cohort of Spanish children. Behav
Brain Funct. 2016 Jan ;8;12(1):2.

11. 11-Hwang IW, Lim MH, Kwon HJ, Jin HJ. Association of LPHN3 rs6551665 A/G polymorphism with
attention deficit and hyperactivity disorder in Korean children. Gene. 2015 Jul; 15;566(1):68-73.

12. 12-Wohl M, Purper-Ouakil D, Mouren MC, Ades J, Gorwood P. [Meta-analysis of candidate genes in attention-
deficit hyperactivity disorder]. Encephale. 2005 Jul-Aug;31(4 Pt 1):437-47.

13. Eun TK, Jeong SH, Lee KY, et al. Association between the 5-HTTLPR Genotype and Childhood
Characteristics in Mood Disorders. Clin Psychopharmacol Neurosci. 2016;14(1):88-95. .

14. 14-Duijts L, Jaddoe VW, van der Valk RJ, et al. Fetal exposure to maternal and paternal smoking and the risks
of wheezing in preschool children: the generation R study. Chest.2012;141(4):876—-885.

15. 15-Han JY, Kwon HJ, Ha M3, Paik KC, Lim MH, Gyu Lee S, et al. The effects of prenatal exposure to alcohol
and environmental tobacco smoke on risk for ADHD: a large population-based study.Psychiatry Res. 2015 Jan
30;225(1-2):164-8.

16. 16-Yochum C, Doherty-Lyon S, Hoffman C, Hossain MM, Zelikoff JT, Richardson JR. Prenatal cigarette
smoke exposure causes hyperactivity and aggressive behavior: role of altered catecholamines and BDNF.Exp
Neuro. 2014 Apr; 254:145-52.

17. 17-Keyes KM, Davey Smith G, Susser E. Associations of prenatal maternal smoking with offspring
hyperactivity: causal or confounded?. Psychol Med. 2014 Mar ;44(4):857-67.

19



ISSN: 2320-5407 Int. J. Adv. Res. 9(02), 15-21

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

18-Obel C, Zhu JL, Olsen J, Breining S, Li J, Grenborg TK et al. The risk of attention deficit hyperactivity
disorder in children exposed to maternal smoking during pregnancy - a reexamination using a sibling design. J
Child Psychol Psychiatry. 2016 Apr;57(4):532-7.

19-Knopik VS, Marceau K, Bidwell LC, Palmer RH, Smith TF Todorov A at el. Smoking during pregnancy and
ADHD risk: A genetically informed, multiple-rater approach.Am J Med Genet B Neuropsychiatr Genet. 2016
Oct;171(7):971-81.

Obesity and overweight. World Health Organization. 2016. Available from:
http://www.who.int/mediacentre/factsheets/fs311/en/

Rivera H, Christiansen K, Sullivan E. The role of maternal obesity in the risk of neuropsychiatric disorders.
Front Neurosci. 2015;9.

Rodriguez A. Maternal pre-pregnancy obesity and risk for inattention and negative emotionality in children.
Journal of Child Psychology and Psychiatry. 2010;51(2):134-143.

Rodriguez A, Miettunen J, Henriksen T, Olsen J, Obel C, Taanila A et al. Maternal adiposity prior to pregnancy
is associated with ADHD symptoms in offspring: evidence from three prospective pregnancy cohorts. Int J
Obes Relat Metab Disord. 2007;32(3):550-557.

24-Chen Q, Sjolander A, Langstrom N, Rodriguez A, Serlachius E, D'Onofrio BM et al. Maternal pre-
pregnancy body mass index and offspring attention deficit hyperactivity disorder: a population-based cohort
study using a sibling-comp. J Epidemiol. 2014 Feb; 43(1):83-90.

25-Stevens LJ, Kuczek T, Burgess JR, Hurt E, Arnold LE. Dietary sensitivities and ADHD symptoms: thirty-
five years of research. Clin Pediatr (Phila). 2011 Apr; 50(4):279-93.

McCann D, Barrett A, Cooper A, Crumpler D, Dalen L, Grimshaw K et al. Food additives and hyperactive
behaviour in 3-year-old and 8/9-year-old children in the community: a randomised, double-blinded, placebo-
controlled trail. Lancet. 2007 Nov;370(9598):1560-7.

Center for science in the public interest. The Science Linking Food Dyes with Impacts on Children’s Behavior.
2016 Jan.

28-Goksugur SB, Tufan AE, Semiz M, Gunes C, Bekdas M, Tosun M. Vitamin D status in children with
attention-deficit-hyperactivity disorder. Pediatr Int. 2014 Aug;56(4):515-9.

29-Bener A, Kamal M, Bener H, Bhugra D. Higher prevalence of iron deficiency as strong predictor of
attention deficit hyperactivity disorder in children. Ann Med Health Sci Res. 2014 Sep;4(Suppl3):S291-7.
30-Cortese S, Azoulay R, Castellanos FX, Chalard F, Lecendreux M, Chechin D et al. Brain iron levels in
attention-deficit/hyperactivity disorder: a pilot MRI study. World J Biol Psychiatry. 2012 Mar;13(3):223-31.
Eric Konofal, Samuele Cortese, Martine Marchand, Marie-Christine Mouren, Isabelle Arnulf, Michel
Lecendreux.Impact of restless legs syndrome and iron deficiency on attention-deficit/hyperactivity disorder in
children. sleepmedicine. 2007 Nov;8(7-8)711-715.

32-Sun GX, Wang BH, Zhang YF. [Relationship between serum zinc levels and attention deficit hyperactivity
disorder in children]. Zhongguo Dang Dai Er Ke Za Zhi. 2015 Sep.

33-Mahmoud MM e. Zinc, ferritin, magnesium and copper in a group of Egyptian children with attention deficit
hyperactivity disorder. Ital J Pediatr. 2011 Dec; 29;37:60.

Hawkey E, Nigg J. Omega—3 fatty acid and ADHD: Blood level analysis and meta-analytic extension of
supplementation trials. Clinical Psychology Review. 2014;34(6):496-505..

35-Castellanos FX, Giedd JN, Marsh WL, Hamburger SD, Vaituzis AC, Dickstein DP et al. Quantitative brain
magnetic resonance imaging in attention-deficit hyperactivity disorder. Arch Gen Psychiatry. 1996
Jul;53(7):607-16.

Carmona S, Vilarroya O, Bielsa A, Trémols V, Soliva JC, Rovira M et al. Global and regional gray matter
reductions in ADHD: a voxel-based morphometric study. Neurosci Lett. 2005 Dec 2;389(2):88-93.

37-Nakao T, Radua J, Rubia K, Mataix-Cols D. Gray matter volume abnormalities in ADHD: voxel-based
meta-analysis exploring the effects of age and stimulant medication. Am J Psychiatry. 2011 Nov;168(11):1154-
63.

S. Carmonaa, O. Vilarroyaa, , A. Bielsac, V. Trémolsb, J.C. Solivad, M. Rovirad et al. int Global and regional
gray matter reductions in ADHD: A voxel-based morphometric study. 2005 Dec; 389(2) 88-93.

Pastura G, Mattos P, Gasparetto E, Prufer de Queiroz Campos Araujo A. Advanced techniques in magnetic
resonance imaging of the brain in children with ADHD. Arq Neuropsiquiatr 2011;69(2-A):242-252.

Preterm birth. World Health Organization. 2015. Available from:
http://www.who.int/mediacentre/factsheets/fs363/en/.

Breeman LD, Jaekel J, Baumann N, Bartmann P, Wolke D-. Attention problems in very preterm children from
childhood to adulthood: the Bavarian Longitudinal Study. J Child Psychol Psychiatry . 2016 Feb. ;57(2):132-40.

20


http://www.who.int/mediacentre/factsheets/fs311/en/
http://www.who.int/mediacentre/factsheets/fs363/en/

ISSN: 2320-5407 Int. J. Adv. Res. 9(02), 15-21

42.

43.

44,

45.

46.

47.

48.

49.

50.

Ochiai M, Ichiyama M, Iwayama M, Sakai Y, Yoshida K, Hara T. Longitudinal study of very low birth weight
infants until 9years of age; attention deficit hyperactivity and autistic features are correlated with their cognitive
functions Early Hum Dev. 2015 Dec ;91(12):783-6.

Costill, David.Preterm birth, poor fetal growth increase risk for ADHD. Infectious Diseases in Children. 2015
Oct;9.

44-Murray E, Pearson R, Fernandes M, Santos IS, Barros FC, Victora CG et al. Are fetal growth impairment
and preterm birth causally related to child attention problems and ADHD? Evidence from a comparison
between high-income and middle-income cohorts. J Epidemiol Community Health. 2016 Jan 13.

kinga polanska, joanna jurewicz, and wojciech hanke. Review of current evidence on the impact of pesticides,
polychlorinated biphenyls and selected metals on attention deficit / hyperactivity disorder in children. Int
International Journal of Occupational Medicine and Environmental Health 2013;26(1):16-38.

46-Bouchard MF1, Bellinger DC, Wright RO, Weisskopf MG. Attention-deficit/hyperactivity disorder and
urinary metabolites of organophosphate pesticides. Pediatrics. 2010 Jun;125(6):e1270-7.

Xu X, Nembhard WN, Kan H, Kearney G, Zhang ZJ, Talbott EO. Urinary trichlorophenol levels and increased
risk of attention deficit hyperactivity disorder among US school-aged children. Occup Environ Med. 2011 Aug;
68(8):557-61.

Donzelli G, Carducci A, Llopis-Gonzalez A, et al. The Association between Lead and Attention-
Deficit/Hyperactivity Disorder: A Systematic Review. Int J Environ Res Public Health. 2019;16(3):382.

Braun JM, Kahn RS, Froehlich T, Auinger P, Lanphear BP. Exposures to environmental toxicants and attention
deficit hyperactivity disorder in U.S. children. Environ Health Perspect. 2006;114(12):1904—1909.

Ha M, Kwon HJ, Lim MH, Jee YK, Hong YC, Leem JH,. Low blood levels of lead and mercury and symptoms
of attention deficit hyperactivity in children: a report of the children's health and environment research
(CHEER). Neurotoxicology. 2009 Jan ;30(1):31-6.

21



