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Abstract

Background: Contamination by pollutants has been considered as one of the environmental concerns during the recent years. Lead is
one of the most common industrial contaminants all over the world and increase in lead level is associated with behavioral and cognitive
problems. Attention deficit hyperactivity disorder (ADHD) is among the most common psychological-behavioral disorders among
children, with the incidence rate of 4%-12%.

Objectives: This study aimed to investigate the relationship between serum lead level and ADHD through comparison of serum lead level
between children with ADHD and the control group.

Patients and Methods: This case-control study was conducted on 20 children with ADHD and 23 healthy children in the control group.
The serum Lead level measured by an atomic absorption spectrometer, equipped with graphite furnace system, was compared between
the two groups. The data were analyzed using the SPSS statistical software, version 16.

Results: The mean level of serum lead was higher in the ADHD children (6.7330 + 2.39747) compared with the control group (3.0304 +
130573) (P = 0.001). However, no significant difference was observed between the two genders regarding the mean level of serum lead in
the case (P=0.088) or the control group (P=0.365).

Conclusions: Based on the study results, the mean level of serum lead was significantly higher in the ADHD group in comparison to the
control group (P < 0.001). Thus, environmental contaminants, such as lead, can be associated with increasing incidence of ADHD. Yet,
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further studies on larger sample sizes are recommended to confirm our findings.

1. Background

Lead is a noxious agent which is generated by vehicles
fuel or coal, enters the body through respiration, and ac-
cumulates in the body (1, 2). Hence, even a small amount
of blood lead is abnormal and is considered dangerous.
This element is incongruent with body tissues and, unlike
vital elements such as zinc and selenium, is considered as
a poison which can hurt different organs of the body. Re-
cent studies have shown a positive relationship between
blood lead and left ventricular hypertrophy and hyperten-
sion (3-9). Increase in lead level may also lead to systolicand
diastolic hypertension. More than 5% of children living in
industrial cities have higher lead levels compared to those
living in non-industrial environments. It should be noted
that the normal level of lead in the body should be near
zero (1, 2,10). The smoke which exits from vehicles and coal
combustion contains a considerable amount of lead. An
increasing amount of lead in blood, especially in children,
can cause problems such as reduction in intelligence and
power of learning, sluggish brain activities, insomnia, irri-
tability, and hyperactivity (3, 11). Attention deficit hyperac-

tivity disorder (ADHD) with a prevalence of 4%-12% isamong
the most common psychological-behavioral disorders in
school-aged children. This disorder is known by three ma-
jor signs; lack of attention, hyperactivity, and irritability.
Diagnosis and classification of this disease are done based
on the DSM-IV criteria. Children afflicted with ADHD exhib-
it disorders, such as anti-social behaviors and drug abuse,
in their future life (11). Research has shown that the risk of
ADHD increased with the increase in serum lead concen-
tration and that blood lead had a positive relationship to
the disease signs (12-14). The results of a study carried out in
Wisconsin university U.S. indicated that contamination of
the environment with lead was a risk factor for emergence
of ADHD in American children (15). Extensive researches
have also shown a positive relationship between ADHD to
even low levels of serum lead. The results of these studies
also showed that blood lead level was associated with the
signs of hyperactivity and mobility, but not with the sign
of lack of attention (11). Nowadays, children’s exposure to
lead can be determined by measuring the concentration of
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blood lead (15), which if considerable, it can be treated by
using chelators. In a case report, a patient with increased
level of serum lead (blood lead level: 42 mg/dL) was treated
using a chelator element called succimer, which is evident
by some decrease in patient’s hyperactive behavior during
the treatment process (16). Among other coping measures,
proper nourishment also has a considerable effect on pre-
venting chronic toxicity with lead. Using foods enriched
with vitamin E and selenium and increasing the consump-
tion of vitamin C decrease the lead absorption, which facili-
tate the excretion of toxic metals. Dairy products are also
effective due to their high calcium levels (17).

2. Objectives

The prevalence of ADHD is high among children in the
Iranian society and it is increasing in developed societ-
ies. On the other hand, evidence has demonstrated a sig-
nificant relationship between this disease and blood lead
level, the present study aims to compare blood lead level
in ADHD children who referred to the psychiatric clinic
of Baharan hospital in Zahedan, Iran and a control group.
Hence, the present study aimed to investigate the rela-
tionship between serum lead level in children with ADHD
and the control group.

3. Patients and Methods

The present study was conducted in Baharan Psychiatric
hospital in Zahedan, Iran in 2011. In this case-control study
the patients referred to Baharan Psychiatric hospital were
investigated by analyzing the corresponding outpatients’
records. In this way, 20 ADHD children including 10 males
and 10 females, aged from of 4 to12 years, and lacking oth-
er psychological or physical diseases were selected as the
case group. Diagnosis was done through DSM.IV criteria
and confirmed by a specialist in pediatric psychology. In
addition, 23 healthy children, including 12 females and 11
males, who did not suffer from ADHD or any other special
psychological or physical diseases, were selected as the
control group. In order to eliminate any confounding fac-
tors, such as differences in social and economic levels and

nutrition which is highly effective in decreasing the accu-
mulation of lead and preventing chronic toxicity by this el-
ement, the children in the control group had the same age
and gender as the patients and were selected from the rela-
tives of the patients. Having obtained the signed written
informed consents from the parents, their children were
referred to the hospital for taking the tests and providing
personal information. This was done by drawing 2 mL of
blood, in 3.5% sodium citrate, from the children’s arm vein.
The blood samples were kept at 4°C for 3 days, until used,
otherwise kept at -20°C for longer maintenance. The lead
was extracted from the blood samples according to an in-
struction (18). In doing so, 0.1 mL of 5 mL per liter triton
X-100 and 0.1 mL of 5 g per liter ammonium hydrogen
phosphate were added to 0.2 mL of citrated blood. The vol-
ume of the solution was made up to 1 mL by adding deion-
ized water. The samples were then vertexed for 30 seconds.
Serum lead level was measured using an atomic absorp-
tion spectrometer equipped with graphite furnace system
(19). In order to normalize the results, the logarithm of the
lead concentration was used. Finally, the data were entered
into the SPSS statistical software, version 16 and analyzed
using t-test. Besides, P < 0.05 was considered as statistically
significant.

4.Results

This study was conducted on 43 participants. The case
group consisted of 10 males (50%) and 10 females (50%),
while the control group included 11 males (48%) and 12
females (52%). The mean level of blood lead was 7.61 +
2.59677 mg/dL in the male members of the case group,
which was much higher compared to the control group
(2.8 £ 1.46151) (P < 0.001). In addition, this measure was
5.8560 + 1.91884 mg/dL among the female of the case
group, which was significantly higher (P < 0.001) than
that of the control group (3.2417 £1.6888).

In this study, the lead level was investigated using inde-
pendent t-test, indicating significantly higher lead levels
(P < 0.001) among the ADHD children compared to the
controls (Table 1).

Table 1. Comparison of Blood Lead Level Between the ADHD Children and the Control Group

Group Number Mean Level of Serum Lead Standard Deviation P Value
ADHD 20 6.7330 239747 .001
Control 23 3.0304 130573 .001
Table 2. Comparison of Blood Lead Levels in Male and Female ADHD Children and the Control Group
Gender Number Mean Serum Lead Level Standard Deviation P Value
Male .001
ADHD 10 7.61 2.59677
Control 1 2.8 1.46151
Female .001
ADHD 10 5.8560 1.91884
Control 12 3.2417 1.16888
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Figure 1. Comparison of Blood Lead Levels Between the ADHD Children
and the Control Group

5. Discussion

Evidence has indicated that increase in serum lead level
can be considered as an effective factor in causing ADHD
disorder (11). This was also confirmed by the results of
the present study, showing a significantly higher serum
lead level (P=0.001) in the ADHD group (6.7330 * 2.39747)
in comparison to the control group (3.0304 + 1.30573).
However, no significant difference was observed regard-
ing genders in case or control groups. Similar results
have also been obtained in other studies. Ha et al. (12),
performed a study on 1778 Korean children in 2009 and
reported a significant relationship between blood lead
concentration and emergence of ADHD signs (P < 0.05).
Hence, they concluded that even a small concentration
of lead was a risk factor for ADHD. Also, Nigg et al. (11),
conducted a study in the U.S. in 2008 and revealed that
blood lead level was significantly higher in the ADHD
children in comparison to the control group (P < 0.05).
Moreover, a study by U.S. Wisconsin university in 2006
demonstrated that even a lead serum level below 2 mg/
dL was related to ADHD. Additionally, there was a direct
relationship between the blood lead level and the signs
of ADHD (15). In this context, Wang et al. (2), carried out a
case-control study in China in 2008 and concluded that
blood lead level was higher in the ADHD group compared
to the control group. In their study, the mean level of
blood lead level was 8.77 £ 3.89 in the ADHD group, which
was significantly higher compared to the control group
(5.76 £ 3.39). The results of our study and other similar
studies indicated that blood lead could have many ad-
verse effects on children’s growth and might cause per-
sonality and behavioral changes in future. It might also
expose children to ADHD which, as discussed before, can
cause personality and psychological disorders, learning
problems, educational difficulties, or even delinquencies
such as drug abuse and increase in crime which have de-
teriorating effect on the society’s future (14). Hence, air
pollution and the existence of lead in the air, demands
further researches to be carried out which help organiza-
tions and health authorities design strategies at national

and international levels to eliminate air pollution and
create a healthy environment. Furthermore, monitoring
body’s lead status and controlling the level of lead in the
air which children breathe and the objects they use are
additional measures that prevent behavioral problems
and learning disorders.

Acknowledgments

This study was extracted from Dr. Saeed Rashidi Ravari’s
M.D. dissertation (proposal No.1270) supported by the Re-
search and Technology Department of Zahedan universi-
ty of Medical Sciences. Hereby, the authors would like to
express their deepest gratitude to all the staff of Psychiat-
ric Clinic of Baharan hospital for their cooperation. They
are also grateful to Ms. A. Keivanshekouh at the Research
Improvement Center of Shiraz university of Medical Sci-
ences for the use of English in the manuscript. The names
and information concerning all the patients were kept
confidential based on code number 17 of the Protection
Code of Human Subject in Medical Research.

Footnotes

Authors’ Contribution:All authors contributed equal-
ly.

Funding/Support:This Study the support of Research
and Technology Department of Zahedan university of
Medical Sciences.

References

1. Wilson MA, Johnston MV, Goldstein GW, Blue ME. Neonatal lead
exposure impairs development of rodent barrel field cortex. Proc
Natl Acad Sci U S A. 2000;97(10):5540-5. [PubMed: 10805810]

2. Wang HL, Chen XT, Yang B, Ma FL, Wang S, Tang ML, et al. Case-
control study of blood lead levels and attention deficit hyper-
activity disorder in Chinese children. Environ Health Perspect.
2008;116(10):1401-6. doi: 10.1289/ehp.11400. [PubMed: 18941585]

3. Telisman S, Jurasovic ], Pizent A, Cvitkovic P. Blood pressure in
relation to biomarkers of lead, cadmium, copper, zinc, and se-
lenium in men without occupational exposure to metals. Envi-
ron Res. 2001;87(2):57-68. doi: 10.1006/enrs.2001.4292. [PubMed:
11683589

4. Nash D, Magder L, Lustberg M, Sherwin RW, Rubin RJ,
Kaufmann RB, et al. Blood lead, blood pressure, and hyperten-
sion in perimenopausal and postmenopausal women. JAMA.
2003;289(12):1523-32. doi: 10.1001/jama.289.12.1523. [PubMed:
12672769]

5. Korrick SA, Hunter D], Rotnitzky A, Hu H, Speizer FE. Lead and
hypertension in a sample of middle-aged women. Am | Public
Health.1999;89(3):330-5. [PubMed: 10076481]

6. Rothenberg §J, Kondrashov V, Manalo M, Jiang ], Cuellar R, Gar-
cia M, et al. Increases in hypertension and blood pressure dur-
ing pregnancy with increased bone lead levels. Am J Epidemiol.
2002;156(12):1079-87. [PubMed: 12480651]

7. Staessen ]. Low-level lead exposure, renal function and blood
pressure. Verh K Acad Geneeskd Belg. 1995;57(6):527-74. [PubMed:
8686371]

8. Staessen JA, Buchet JP, Ginucchio G, Lauwerys RR, Lijnen P, Roels
H, et al. Public health implications of environmental exposure
to cadmium and lead: an overview of epidemiological studies
in Belgium. Working Groups. | Cardiovasc Risk. 1996;3(1):26-41.
[PubMed: 8783028]

9. Dolenc P, Staessen JA, Lauwerys RR, Amery A. Short report:
Low-level lead exposure does not increase the blood pressure

Int ] School Health. 2016;3(1):e28040



Firouzkouhi Moghaddam M et al.

12.

13.

14.

in the general population. Cadmibel Study Group. | Hypertens.
1993;11(5):589-93.

Schwartz J. The relationship between blood lead and blood pres-
sure in the NHANES II survey. Environ Health Perspect. 1988;78:15-
22.[PubMed:3203634]

Nigg JT, Knottnerus GM, Martel MM, Nikolas M, Cavanagh K, Kar-
maus W, et al. Low blood lead levels associated with clinically di-
agnosed attention-deficit/hyperactivity disorder and mediated
by weak cognitive control. Biol Psychiatry. 2008;63(3):325-31. doi:
10.1016/j.biopsych.2007.07.013. [PubMed: 17868654

Ha M, Kwon HJ, Lim MH, Jee YK, Hong YC, Leem JH, et al. 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;30(1):31-6.
doi:10.1016/j.neuro.2008.11.011. [PubMed: 19100765|

Roy A, Bellinger D, Hu H, Schwartz J, Ettinger AS, Wright RO, et al.
Lead exposure and behavior among young children in Chennai,
India. Environ Health Perspect. 2009;117(10):1607-11. doi: 10.1289/
ehp.0900625. [PubMed: 20019913]

Froehlich TE, Lanphear BP, Auinger P, Hornung R, Epstein
JN, Braun J, et al. Association of tobacco and lead exposures

Int ] School Health. 2016;3(1):e28040

15.

16.

18.

19.

with  attention-deficit/hyperactivity =~ disorder.  Pediatrics.
2009;124(6):e1054-e63. [PubMed: 19933729]

Braun |, Kaha R, Froehlich T. Exposures to environmental toxi-
cants and attention deficit hyperactivity disorder in u.s.a chil-
dren. NLM. 2007;115:398-9.

Eppright TD, Sanfacon JA, Horwitz EA. Attention deficit hyper-
activity disorder, infantile autism, and elevated blood-lead:
a possible relationship. Mo Med. 1996;93(3):136-8. [PubMed:
8867271]

Wright JP, Dietrich KN, Ris MD, Hornung RW, Wessel SD, Lanphear
BP, et al. Association of prenatal and childhood blood lead con-
centrations with criminal arrests in early adulthood. PLoS Med.
2008;5(5):e101. doi: 10.1371/journal.pmed.0050101. [PubMed:
18507497]

Tsao DA, Yu HS, Cheng JT, Ho CK, Chang HR. The change of beta-
adrenergic system in lead-induced hypertension. Toxicol Appl
Pharmacol. 2000;164(2):127-33. doi: 10.1006/taap.1999.8871.
[PubMed: 10764625]

Schwartz |. Lead, blood pressure, and cardiovascular disease in
men and women. Environ Health Perspect. 1991;91:71-5. [PubMed:
1828226]



