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ABSTRACT

Background: Attention Deficit Hyperactivity Disorder (ADHD) is considered
Marwa M. Awaga one of the most common childhood psychiatric disorders. The worldwide
marwaawagal28@gmail.com  prevalence is approximately 5%. In Egypt, exposure of children to heavy metal
is considered one of the risk factors lead to ADHD. The aim of this study was
to investigate the potential association between lead exposure and ADHD in
children and find the association between the level of exposure to lead and
degree of ADHD symptoms. Method: Case control study was done by random
selection of children from outpatient Clinic at Assiut University Hospital of
Children. Data were collected by a questionnaire to evaluate environmental
exposure to lead and blood analysis for this heavy metal level. Results: Lead
level in ADHD children was significantly higher than control (20.88+ 7.47
ug/dl versus 16.13 £ 7.91 ug/dl). While there is no significant difference
between lead level and degree of symptoms among the ADHA children. In
conclusion, there is a significant association between ADHD in the examined
sample of children and exposure to lead especially through water
contamination with lead. Lead level is significant for reflecting exposure to
lead.
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1. INTRODUCTION
ne of the most common psychiatric
disorders in children is (ADHD)

hyperactive/impulsive and
conduct/oppositional symptoms than
girls(Genro et al.,2012).

Attention deficit hyperactivity disorder. It has
many bases such as neurobiological,
neurochemicals, and genetic (Singh et
al.,2015). It is a lifelong debilitating disorder
with many social skill difficulties (Klein et
al.,2015). It is well known that ADHD in
children of school-age, is a serious disorder
that can be safely and effectively remediated
when early diagnosed and treated
(Rappley,2005).Worldwide prevalence of
ADHD in school age children is calculated to
be about 5% (Polanczyk et al.,2007). Many
factors can affect the occurrence of this
problem including  geographical  and
demographic factors (Simon et al.,2009). The
ratio of boys to girls with ADHD is between
3:1 and 9:1 in clinical samples. Part of the
gender difference may be due to referral bias
related to symptoms of disruptive behavior,
since boys have both more

Lead (Pb), mercury (Hg), and cadmium
(Cd) are heavy metals naturally found in the
environment and are also widely proliferated
in the environment through  human
activity(Kim et al.,2013). Lead (Pb) is an
environmental toxicant with no known
biological function. Lead is often used in
industrial settings worldwide and can be
found in many aspects of daily lives, such as
drinking water, food packaging products,
dietary supplementsc and even ceramics
(Meyer et al.,2008). It has been used in
various commercial products, such as
gasoline and paint, in order to enhance the
economic and functional benefits of such
products throughout the world. Paint and
leaded gasoline were banned due to increase
level of lead. However, old houses are still
painted with leaded paint. The main source of
lead in environment is that which emitted

Zagazig J. Forensic Med.& Toxicology

Vol.(18) No. (1) Jan 2020



Lead as a Risk Factor for ADHD...

-22-

from the leaded gasoline (Toscano and
Guilarte,2005).
Water-soluble lead is differing from other
sources of lead. It can affect the development
if taken by children or pregnant mothers.
Water- soluble lead can be absorbed by
children in high percentage 40-50% with oral
dose if compared to the amount absorbed by
adult 3-10% (Hanna Attisha et al.,2016).
Symptoms of ADHD as inattention,
hyperactivity and irritability may appear in
children even at low lead exposure. With high
level of lead in blood, children symptoms
may be in the form of decreased intelligence,
delayed growth, hearing loss and short-term
memory. At higher levels, it can lead to brain
damage which is permanent and even death
(Flora et al.,2012). Many studies have shown
the harmful effects of higher blood lead levels
(BLL) (>10 pg/dL), however a growing body
of evidence is showing adverse effects at
lower BLLs (e.g., < 5 pg/dL), suggesting no
threshold of developmental
neurotoxicity(Kim et al.,2013).
This work aims to investigate the potential
association between lead exposure and
ADHD in children and to find the association
between the level of exposure to lead and
degree of ADHD symptoms.

2. MATERIALS, SUBJECTS AND

METHOD

This study is a case control study. It was
conducted in the period from 1% of January
2017 to 31°* of December 2017. It was done at
Assiut University Children’s Hospital
covering whole Assiut governorate and
Clinical toxicology and forensic chemistry lab
- Faculty of Medicine- Assiut University.
2.1 Materials:
> Chemicals: Nitric acid 65% El nasr co.
for chemicals, hydrogen peroxide El nasr co.
for chemicals, and double distilled water.
> Instruments: Graphite tube Atomizer
(GTA 120) - Aligent technologies.
2.2 Subjects:
One hundred enrolled children were classified
into two groups after ADHD diagnosis: group
I (ADHD children) and group 11 (Controls):
a. Group | (ADHD children):
Seventy children of both sexes were
diagnosed to have ADHD by pediatricians
and psychologist at psychiatric clinic of

Assiut  University Children’s Hospital by
using the Diagnostic and Statistical Manual
of Mental Disorders (DSM-1V) criteria. The
age of children ranged from 4-12 years. They
were selected randomly.

DSM 1V criteria includes, persistent pattern
of hyperactivity-impulsivity

and/or inattention that interferes with
development or  functioning.  Several
hyperactive-impulsive or inattentive
symptoms present before age 12 years.
Several hyperactive-impulsive or inattentive
symptoms present in more than one setting
(e.g. at school, work, home, with relatives or
friends; and in other activities). Evidence that
the symptoms decreases or interfere with the
quality of academic, occupational or social
functioning. Symptoms do not occur during
course of any other psychotic disorder, and
cannot be related to other mental disorder
(e.g. mood disorder, dissociative disorder,
anxiety disorder, etc...).

According to ADHD-SC4, children are
classified into severe, moderate or low
scoring for each scale.

o Inclusion criteria:

Children in the age group from 4 to 12 years,
medically diagnosed as ADHD, not having
any other chronic disease (Zaky et al.,2015).
o Exclusion criteria:

Children with active smoking, presence of
any other chronic illness, or association of
ADHD and other neurodevelopment disorders
(Zaky et al.,2015).
b. Group Il
children)

Thirty children matching for age and sex with
children in the 1% group. Neither of them was
diagnosed to have ADHD. They were selected
randomly from children visiting clinics for
any other cause other than ADHD.

2.3 Ethical considerations:

This study was done after the approval
of Ethical Committee, Faculty of Medicine,
Assiut  University. Informed consent was
obtained from all parents of the participated
children in the study. Confidentiality of the
data was maintained.

2.4 Method:

Full medical history was taken from enrolled
parents (the mothers) for children younger
than 10 years or from studied children who

(controls/non-ADHD
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were older than 10 years in both groups. This
history includes the following items, Personal
history (Age, sex, residency especially those
live near smoking areas or factories). A
questionnaire was answered by household
respondent (living in house older than 1978,
any history of lead toxicity in the family, type
of water in the house, history of pica, living
near lead factory, parents’ occupation, history
of lead poisoning among those who live in the
same locality) according to (Yassa,2014).
2.4.1 Blood sampling:

Two ml whole blood sample were
collected in a vacutainer tube contain heparin
(heparinized, lead-free, “green-top” blood
collection tubes); blood samples can be stable
for 3 days in 4°C.

Digestion was done by one ml blood in nitric
acid (HNOg3) and hydrogen peroxide (H,O,)
(2:1). Hot plate temperature was increased to
250°C and continued until volume is 1 ml for
blood remained (2—-3 h)(Yassa,2014).

Lead level was measured using Graphite Tube
Atomizer,

2.5 Statistical analysis:

The collected data were reviewed and
analyzed using SPSS (Statistical Package for
the Social Science, version 20, IBM, and
Armonk, New York). Continuous data was
expressed in form of mean + standard
deviation SD or median (range) while
nominal data was expressed in form of
frequency (percentage). Chi?-test was used to
compare the nominal data of different groups

in the study while student t-test was used to
compare mean of different two groups and
ANOVA test for more than two groups. P
value was significant if < 0.05 and highly
significant if <0.001.
3. RESULTS

One hundred children were included in the
study and were divided into two groups,
(group 1) the studied group, includes 70
children with ADHD and the (group II)
control group, includes 30 healthy children.

Table (1) shows the demographic data
of both groups. The mean age of ADHD
children was 6.52 + 1.60 years and the
majority (67.1%) of them were 6 years old or
less while the mean age of control group was
6.70 £ 1.87 years also, the majority (46.7%)
of them were 6 years old or less.

Fifty-eight (82.9%) of children with
ADHD were males and only 12 (17.1%) of
them were females while 25 (83.3%) of the
control group were males and 5 (16.7%) were
females (Figure 1). Majority of mothers were
homemakers (70% in case of ADHD group
and 83.3% in case of control group) while
47.1% of fathers of ADHD group and 50% of
fathers of control children were employed
(Table 1).

As regarding age, sex, fathers, and
mothers’ jobs, there were no significant
differences between both groups (P > 0.05)
but it was noticed that males are significantly
higher among ADHD group in comparison to
females (Table 1).
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Table 1: Demographic data of studied groups.

ADHD group (n=70) | Control group (n =30

Age (years)

4- < 6 years 47 (67.1%) 14 (46.7%) 0.62
6- 9 years 18 (25.7%) 13 (43.3%)

9-12 years 5 (7.1%) 3 (10%)
Sex
Male 58 (82.9%) 25 (83.3%) 0.61
Female 12 (17.1%) 5 (16.7%)
Mother’s job
Housewife 49 (70%) 19 (63.3%) 0.33
Employed 21 (30%) 11 (36.7%)
Father’s job
Farmer 28 (40%) 14 (46.7%) 0.34
Employed 33 (47.1%) 15 (50%)
Worker 9 (12.9%) 1 (3.3%)

Data was expressed in form of frequency (percentage) using Chi2-test. n=number of subjects.

Figure (2) shows that most of the children was diagnosed at age of 6 years old (44.3%)
followed by age of 5 years old (18.6%) and age of 7 years old (15.7%).

*Male Female

Figure 1: Sex distribution of ADHD group.

ADMD group

Percentage

(

30
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Figure 2: Age of ADHD in children of the first group.

Table (2) and figures (3-5) show that number of relatives who are smokers, 56
exposure to smoking presented in 62 (88.6%) (80%), 1 (1.4%) and 5 (7.1%)of children with
of children with ADHD and presented in 14 ADHD had one, two and three relatives
(46.7%) of control group. As regarding respectively while all of exposed children (14
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child) in the control group had only one
relative. Exposure to cigarette smoking,
waterpipe and both presented in 53 (75.7%),
5 (7.1%) and 4 (5.7%) of children with

ADHD respectively while 11 (36.6%) of
control group exposed to cigarette smoking
and 3 (10%) of them exposed to water pipe
smoking.

Table 2: Grades of the ADHD symptoms based on age of the children at psychiatric clinic of

Assiut University Children’s Hospital.

Grades of

Age groups (years

4-< 6 years 6- 9 years > 9 years P,value
symptoms (n=47) (n=18) (n=5)
n. % n. % n. %
Inattention
Mild 1 2.1 1 5.6 0 0 0.23
Moderate 34 72.3 10 55.6 2 40
Severe 12 25.3 7 38.9 3 60
P, value 0.01* 0.02* 0.02*
Hyperactivity
/impulsivity
Moderate 9 19.1 5 27.8 1 20 0.28
Severe 38 80.9 13 72.2 4 80
P, value 0.01* 0.03* <0.011*
Oppositional Defiant
Mild
Moderate 1 2.1 1 5.6 0 0 0.09*
Severe 14 29.8 5 27.8 0 0
32 68.1 12 66.7 5 100
P, value 0.02 < 0.001

Data was expressed in form of frequency
(percentage) using ANOVA. P value was
significant if < 0.05 and highly significant if <
0.001 (P, compared between grades of the
disease with different age groups, P
compared different grades at the same age
group). n=number of subjects

Mean time of smoking exposure (hours/day)
was significantly higher in the ADHD group
(3.40 £ 1.53) in comparison to the control
group (2.57 + 0.93; P= 0.04). Also; Mean
years of smoking exposure was significantly

higher in the ADHD group (6.18 + 1.55) in
comparison to the control group (5.07 + 1.77;
P value was 0.01).

Exposure to passive smoking during
pregnancy was recorded in 8 (11.4%) of those
with ADHD and in 8 (26.7%) of the control
group.

Only exposure to smoking and duration of
exposure (both hours/day and year) were
significantly higher in those with ADHD
group in comparison to the control group.
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Figure 3: Grades of Inattention in the first group based on age
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Figure 5: Grades of Oppositional Defiant in the first group based on
age group.

Table (3) shows majority of males’ children
(70.7%) had moderate inattention while
majority of females’ children (58.3%) had
severe inattention. Majority of both sexes
(82.8% of males and 58.3% of females) had
severe hyperactivity also; majority of both
sexes (70% of males and 75% of females) had
oppositional defiant.

Grades of ADHD symptoms had no
significant differences between both sexes.
Moderate inattention was  significantly
frequent in males and sever inattention was
frequently in females. Severe hyperactivity
was significantly high in males (p value <
0.001). While oppositional defiant was
significantly high among both sexes.
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Table 3: Grades of the ADHD symptoms based on gender of the children.

Grades of ADHD P1value
symptoms Male (n=58) Female (n= 12)
No. % No. %
Inattention
Mild 2 3.4 0 0 0.34
Moderate 41 70.7 5 41.7
Severe 15 25.9 7 58.3
P, value 0.04 0.02
Hyperactivity
Moderate 10 17.2 5 41.7 0.39
Severe 48 82.8 7 58.3
P, value < 0.001 0.01
Oppositional Defiant
Mild 2 3.3 0 0 0.11
Moderate 16 26.7 3 25
Severe 42 70 9 75
P, value 0.02 0.02

Data was expressed in form of frequency (percentage) using ANOVA. P value was significant if <
0.05 and highly significant if < 0.001 (P1 compared between different grades in both sexes and P2
compared between different grades at the same sex)

Table (4) and figure (6) show that lead level was highly significant in the ADHD group
compared to the control group (20.88 £ 7.47 versus 16.13 £ 7.91 pg/dL).

Table 4: Blood Lead level in the studied groups (ADHD and Control groups).

ADHD group(n=70) | _Control group (n=30)

Blood Lead level 20.88 + 7.47 16.13+7.91 0.00
(ng/dL)

Data was expressed in form of mean +(SD) using T-test. P value was highly significant <

0.001. ADHD, Attention Deficit Hyperactivity Disorder.
31
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Figure 6: Blood Lead level in both studied
groups (ADHD and Control groups) at
psychiatric clinic of Assiut

Control sroun

ADHD and Control groups based on
environmental exposure with exception to the
use of filtered water that was significantly

University Children’s Hospital.
Table (5) and figure (7) show insignificant
difference in blood lead levels between the

associated with lower lead level in the control
group than ADHD group.
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Table 5: Blood Lead Level in both studied groups at psychiatric clinic of Assiut
University Children’s Hospital in relation to different risk factors of lead exposure.

Exposure to lead ADHD group Control group P value
n= 70 n= 30
0.69

Live in \ regularly visit a  22.75+7.09 24.53 + 7.40
house/building peeling or
chipping paint

Recent renovation or remodeling 20.88 £ 7.47 19.13+7.91 0.11
Living near smoking area 21.43 £6.04 20.12 £ 5.67 0.54
Use of filtered water 22.21+5.33 15.08 + 4.56 0.03

Data was expressed in form of mean + standard deviation(SD) using T-test. P value was significant
if <0.05. ADHD, Attention Deficit Hyperactivity Disorder

B ADHD group

Mean (us/d\

Typ

Chinning paint Recentt renovation

Figure 7: Lead level in the studied groups (ADHD and control) at psychiatric clinic of
Assiut University Children’s Hospital based on type of housing

Table (6) and figure (8) show that lead level was insignificantly higher in ADHD children with
frequent pica behavior than other ADHD children.

Table 6: Mean blood lead Ievel in the ADHD group based on pica behavior:

Mean BLL(pg/dL) 24.95+10.73 20.35+6.89

Data was expressed in form of mean + standard deviation (SD) using T-test.
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Figure 8: Mean blood lead level in the ADHD group based on pica behavior.

Table (7) and figure (9) show that lead level had insignificant differences between different grades
of ADHD symptoms.

Table 7: Mean blood lead level in the ADHD group at psychiatric clinic of Assiut
University Children’s Hospital based on grades of ADHD symptoms.

Grades of Mean Blood lead level/ symptom

symptoms  of Inattention Hyperactivity Oppositional Defiant
ADHd

Low 1550+898 - 26.25+12.23
Moderate 21.80+7.29 25.02+8.5 20.82 +7.85
Severe 19.43 £ 7.67 19.75+£6.81 20.68 + 7.26
P value 0.21 0.93 0.59

Data was expressed in form of mean + standard deviation (SD) using ANOVA. P value was
significant if < 0.05. ADHD, Attention Deficit Hyperactivity Disorder.
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Figure 9: Mean blood lead level in the studied ADHD group based on grades of ADHD
symptoms.
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Figure (10) shows distribution of BLL among ADHD children. About 94% of ADHD children

have BLL exceeding the accepted level (10 pg/dL).

ad Level

Normal
BLL
. 10ug/dI

Distribution of lead level among the ADHD children
Figure 10: distribution of BLL among ADHD children.

4.DISCUSSION

In this study, the authors tried to answer the
question about the relation between lead as a
heavy metal exposure and the occurrence of
ADHD. The present study showed that the
commonest age of the children with ADHD
was six years old (67. 1%). As regarding age
there was no significant difference between
ADHD and control groups as all children in
both groups were at age group 4-12 years old.
Male children were more affected by ADHD
than females (82.9% and 17.1% respectively).
This agreed with (Nussbaum,2012) who
found that ADHD in children is 2-9 times
more common in males than females.
(Bakare,2012) also agreed with the present
study, regarding sex distribution of ADHD. It
has been suggested that ADHD may be
underdiagnosed in females due to the less
overt nature of inattentive symptoms, as well
as possible diagnostic overshadowing from
anxiety, eating or depressive disorders(Martin
et al.,2018).In contrast (H60k et al.,2006)
found that both sexes were equally affected
using Child Behaviour Checklist (CBCL).

Mean age of diagnosis of ADHD in this study
was 6.52 * 1.6 years, which is due to that age,
is the school age. This result was in
accordance with (Kessler et al.,2007) who
stated that impulse control disorders have the

earliest age of onset distributions, with
median age of onset across countries of 7-9
years  for  attention-deficit/hyperactivity
disorder (ADHD).

Moderate inattention was significantly
frequent in children below 9 years old while
severe inattention was significantly frequent
in those above 9 years old. In all age groups,
severe hyperactivity and oppositional defiant
were significantly frequent.

As regarding symptoms there  were
insignificant differences between both sexes
but females usually presented by inattention
which is agreed with (Nussbaum,2012) who
stated that compared to males with ADHD,
females with ADHD have been presented
with inattentive symptoms more than other
symptoms.

This study showed that Lead level was
significantly  higher in  ADHD group
compared to the control. This result was in
concordance with studies that associate blood
lead levels with medically diagnosed ADHD
in children (Nigg et al.,2008 and Wang et
al.,2008 and Nigg et al.,2010). Many studies
have shown the harmful effects of higher
blood lead levels (BLL) (>10 pg/dL),
however a growing body of evidence is
showing adverse effects at lower BLLs (e.g.,
<5 npng/dL), suggesting no threshold of
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developmental
al.,2013).
Lead level was statistically insignificant
between the ADHD and control groups based
on environmental exposure with exception of
the use of filtered water that was significantly
associated with lower lead level in the control
group than ADHD group. This result could be
explained by that the changes in water
sources, water infrastructures, and changes in
treatment of the water with disinfectant. In
addition to that, lead leaches into drinking
water via lead-based plumbing or lead
particles that detach from degrading plumbing
components(Triantafyllidou et al.,2014). Lead
was banned in plumbing material in 1986, but
older homes may still contain lead service
lines, lead solder, lead connections, or other
lead-based plumbing materials(Hanna Attisha
et al.,2016).

Lead level was insignificantly higher in
children with frequent pica behavior than
other children which disagreed with (Lavoie
and Bailey,2004). They reported that
ingestion of the house dust due to paint,
which contains lead, on walls in the older
properties and chalking of paints from toys,
and woodwork becomes the major pathway
to lead. Also, (Thihalolipavan et al.,2013)
stated that in pregnant women poisoned with
lead, pica was associated with higher peak
blood lead levels (BLLS).

It was noticed that lead level had insignificant
differences between different grades of
ADHD symptoms. This result is agreed with
(Huang et al.,2016) who noticed that there is
an association between lead and symptoms of
ADHD when blood lead was < 5 pg/dl.
However, this association was decreased
when levels were > 5 pg/dL, which may
explain why behavior problems are not often
correlated with lead exposure. This explain
the lack of a clear dose—response relation at
higher levels of lead. Goodlad et al.,(2013)
described that there was a small to medium
association between inattention symptoms
and hyperactivity symptoms and lead
exposure. In contrast to (Nicolescu et
al.,2010) who  reported that the main
elements of ADHD were associated with low
environmental blood lead concentrations
(even below 10 pg/dl).

neurotoxicity(Kim et

5.CONCLUSION

In conclusion, there is a significant

association between lead exposure and the

occurrence of ADHD in the studied sample of

Egyptian children.

All symptoms like inattention, hyperactivity,

impulsivity and oppositional defiant can be

aggravated with lead exposure.
6.RECOMMENDATIONS

From the current study, it is recommended to:

o Minimize the dissolved lead in water

by using filters removing the heavy metals

from it.

o Improve the awareness of the

community about the lead exposure and its

complication in children and adult.
REFERENCES

Bakare, M. O. (2012):Attention deficit
hyperactivity symptoms and disorder (ADHD)
among African children: a review of
epidemiology and co-morbidities. African
Journal of Psychiatry (Johanneshg) 15(5): 358-
361.

Flora, G.; Gupta, D. and Tiwari, A.
(2012):Toxicity of lead: a review with recent
updates. Interdisciplinary toxicology 5(2): 47-
58.

Genro, J. P.; Roman, T.; Rohde, L. A. and
Hutz, M. H. (2012):The Brazilian contribution
to Attention-Deficit/Hyperactivity Disorder
molecular genetics in children and adolescents.
Genetics and Molecular Biology 35(4 (suppl)):
932-938.

Goodlad, J. K.; Marcus, D. K. and Fulton, J. J.
(2013):Lead and attention-deficit/hyperactivity
disorder (ADHD) symptoms: A meta-analysis.
Clinical Psychology Review 33(3): 417-425.

Hanna Attisha, M.; LaChance, J.; Sadler, R. C.
and Champney Schnepp, A. (2016):Elevated
blood lead levels in children associated with
the Flint drinking water crisis: a spatial
analysis of risk and public health response.
American journal of public health 106(2): 283-
290.

Hook, B.; Cederblad, M. and Berg, R.
(2006):Prenatal and  postnatal  maternal
smoking as risk factors for preschool children's
mental health. Acta Paediatrica 95(6): 671-
677.

Huang, S.; Hu, H.; Sanchez, B. N.; Peterson, K.
E.; Ettinger, A. S.; Lamadrid-Figueroa, H.,
et al. (2016):Childhood Blood Lead Levels
and Symptoms of Attention Deficit
Hyperactivity Disorder (ADHD): A Cross-
Sectional Study of Mexican Children.

Zagazig J. Forensic Med.& Toxicology

Vol.(18) No. (1) Jan 2020



Lead as a Risk Factor for ADHD...

-32-

Environmental Health Perspectives 124(6):
868-874.

Kessler, R. C.; Amminger, G. P.; Aguilar-
Gaxiola, S.; Alonso, J.; Lee, S. and Ustun, T.
B. (2007):Age of onset of mental disorders: a
review of recent literature. Current Opinion in
Psychiatry 20(4): 359-364.

Kim, S.; Arora, M.; Fernandez, C.; Landero,
J.; Caruso, J. and Chen, A. (2013):Lead,
mercury, and cadmium exposure and attention
deficit hyperactivity disorder in children.
Environmental research 126: 105-110.

Klein, B.; Damiani-Taraba, G.; Koster, A.;
Campbell, J. and Scholz, C.
(2015):Diagnosing attention-deficit
hyperactivity disorder (ADHD) in children
involved with child protection services: are
current diagnostic guidelines acceptable for
vulnerable populations? Child: Care, Health
and Development 41(2): 178-185.

Lavoie, P. M. and Bailey, B. (2004):Lead
poisoning from “lead-free” paint. Canadian
Medical Association Journal 170(6): 956-956.

Martin, J.; Taylor, M. J.; Rydell, M.; Riglin,
L.; Eyre, O.; Lu, Y. et al. (2018):Sex-
specific manifestation of genetic risk for
attention deficit hyperactivity disorder in the
general  population. Journal of  Child
Psychology and Psychiatry 59(8): 908-916.

Meyer, P. A.; Brown, M. J. and Falk, H.
(2008):Global approach to reducing lead
exposure and poisoning. Mutation
research/reviews in mutation research 659(1):
166-175.

Nicolescu, R.; Petcu, C.; Cordeanu, A,
Fabritius, K.; Schlumpf, M.; Krebs, R., et
al. (2010):Environmental exposure to lead, but
not other neurotoxic metals, relates to core
elements of ADHD in Romanian children:
Performance and questionnaire datas¥,5.
Environmental research 110(5): 476-483.

Nigg, J. T.; Knottnerus, G. M.; Martel, M. M.;
Nikolas, M.; Cavanagh, K.; Karmaus, W., et
al. (2008):Low blood lead levels associated
with clinically diagnosed attention-
deficit/hyperactivity disorder and mediated by
weak cognitive control. Biological psychiatry
63(3): 325-331.

Nigg, J. T.; Nikolas, M.; Mark Knottnerus, G.;
Cavanagh, K. and Friderici, K.
(2010):Confirmation  and  extension  of
association of blood lead with attention-
deficit/hyperactivity disorder (ADHD) and
ADHD symptom domains at population-

typical exposure levels. Journal of Child
Psychology and Psychiatry 51(1): 58-65.

Nussbaum, N. L. (2012):ADHD and female
specific concerns: a review of the literature and
clinical implications. Journal of Attention
Disorders 16(2): 87-100.

Polanczyk, G.; De Lima, M. S.; Horta, B. L;
Biederman, J. and Rohde, L. A. (2007):The
worldwide prevalence of ADHD: A systematic
review and metaregression analysis. American
Journal of Psychiatry 164(6): 942-948.

Rappley, M. D. (2005):Clinical practice.
Attention deficit-hyperactivity disorder. The
New England Journal of Medicine 352(2):
165-173.

Simon, V.; Czobor, P.; Balint, S.; Mészaros, A.
and Bitter, 1. (2009):Prevalence and correlates
of adult attention-deficit  hyperactivity
disorder: meta-analysis. The British Journal of
Psychiatry 194(3): 204-211.

Singh, A.; Yeh, C. J.; Verma, N. and Das, A. K.
(2015):Overview  of  attention  deficit
hyperactivity disorder in young children.
Health Psychology Reserch 3(2): 2115-2127.

Thihalolipavan, S.; Candalla, B. M. and
Ehrlich, J. (2013):Examining pica in NYC
pregnant women with elevated blood lead
levels. Maternal and child health journal 17(1):
49-55.

Toscano, C. D. and Guilarte, T. R. (2005):Lead
neurotoxicity: from exposure to molecular
effects. Brain Research Reviews 49(3): 529-
554.

Triantafyllidou, S.; Gallagher, D. and
Edwards, M. (2014):Assessing risk with
increasingly stringent public health goals: the
case of water lead and blood lead in children.
Journal of water and health 12(1): 57-68.

Wang, H.-L.; Chen, X.-T.; Yang, B.; Ma, F.-L;
Wang, S.; Tang, M.-L., et al. (2008):Case-
control study of blood lead levels and attention
deficit hyperactivity disorder in Chinese
children. Environmental Health Perspectives
116(10): 1401.

Yassa, H. A. (2014):Autism: a form of lead and
mercury toxicity. Environmental Toxicology
and Pharmacology 38(3): 1016-1024.

Zaky, E.; Fouda, E.; Nabih, E.; Youssef, O. and
Mohamed, N. (2015):Association of second
hand smoking with mental disorders in
children-An Egyptian Study. Journal of
Psychological Abnormality in Children 4(2):
140-147.

Zagazig J. Forensic Med.& Toxicology

Vol.(18) No. (1) Jan 2020



Lead as a Risk Factor for ADHD... -33-

kY 84S jad) Ja b g oLl | guad (i pay Agluadll B ghad JalaS (yalia I

42158 A8 0904 ¢ (oo Anbe A ¢ Adl gaan £la (dlan Jgana Gl dles ¢ Baal) 2o 3 gualal) 2o WU
o geal Aaly cclal) 2408 ¢ A gual) Al plyasl) g JUkY) b g AS0SY) o ganall g (o5 ) ulal) Lo

o L a0 Ay Lalle iy, JhY) 8 Al cl ) a8l as) AS pall L i g ol gead ol Jlaial yiag
sl Al 838 Cpe gl AS jall L s 5 oLVl ) sacty Aad 5 ) shadl) Jal s aa) ALEN Cpaleall JULY) (a5 yiing e
Bl IS5 JElY) b ASjall Lo ji g oliiY) ) gasd o jlacaly dbal) g Gaboa il i il (28] dllial ¢ Loaind
Go JUBA ) glal) SLEY) Gk e A5le dud o sdBy skl kel (al el paba)ll (m el (5 gl G
Gala 0l il iyl apiil i) Baob e laslaall gen &350 el aalall JULY) i da Al Clabal
Lo jb g L)y gaad ol Ly dbaall JULY) a3 b Gabia I (5 sise ] ol 3 jeaiall @lld (5 sina uld S
ozl i haal (al jel s aall (b pabia I (5 sie (a8 yise Ao 2a Y Lain | Hige JSG JULY) EL e o) 4S )
O 5iaall Aigall 8 AS )l Lo jip ol ) s ol placal 5550 A8e llia adAll JUkY) b3S jall da 5 ol
cauail g2 Sy pall (B Galia )l (gsiue | gaba )l obddl Sl A e Aald Gaba )l i il JlikY)
. paba )l

Gaonill ) paly aaina) oy 83l bl il aladiul 3ok ge ol sl (B pabajll e el JilES s i)
Ol s JUlaBU (alia 5

Zagazig J. Forensic Med.& Toxicology Vol.(18) No. (1) Jan 2020



