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The Relation of Blood Iron Level with Frontal Function in Children
with Attention-Deficit/Hyperactivity Disorder
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Objectives  Attention-deficit/hyperactivity disorder (ADHD) is a neurodevelopmental disorder
showing many neuropsychological deficits. Many environmental risk factors have been thought
to increase the risk for the disorder. We examined blood iron levels in children with ADHD and a
control group to find an association between iron deficit and diagnosis, neuropsychological char-
acteristics and clinical features.

Methods An ADHD group (n=50) and control group (n=45) of children 6-12 years of age were
recruited. Both groups were diagnosed by semi-structured interview, and they were evaluated us-
ing the Korean version of the ADHD Rating Scale (K-ARS), Korean version of IOWA Conner’s Rat-
ing Scale (K-IOWA), intelligence quotient (IQ), and neurocognitive function tests (continuous perfor-
mance test, children’s color trails test, Stroop color-word test). Iron levels in blood were determined
using the inductively coupled plasma mass spectrometry instrument. Independent t-test and cor-
relation were used to determine the relation of blood iron levels with symptom ratings and neuro-
cognitive function. Logistic regression was performed to determine the diagnostic value of blood
iron levels.

Results  Blood iron levels were significantly lower in ADHD than in control and showed negative
correlation with K-ARS and K-IOWA scores. Blood iron levels showed positive association with
IQ and Stroop color-word test results and negative association with results of continuous perfor-
mance testing. Low blood iron levels predicted the diagnosis of ADHD.

Conclusion Lower levels of blood iron were associated with ADHD symptom severity, IQ, and
frontal lobe-mediated neurocognitive function. As blood iron levels may influence ADHD, measure-
ment of iron levels in blood may be useful for evaluation of symptoms and neurocognitive function
in ADHD. J Korean Neuropsychiatr Assoc 2016;55(1):51-59
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: E
Package for the Social Sciences(©]3} SPSS) 21.0
Chicago, IL, USA)2 AM-3}%iTh.
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Table 1. Demographic characteristics of study population
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A9z /\7‘454 Ag7E =9kt AAakstke Fo=iato) 2
o A]~HEl(attention diagnostic system, ©]8F ADS) 23}
ADHD obg-2 A ttol vls A2 9 A7t ke
A2t @ H O F7E o wol Halch 18 ar ofF A A= HAb
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o] § #erom 2ol 7+ Z]*ﬂ o okt AEFHA 4
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AA @dae] @3 4 559 ot 45117(FHA
1.09) mg/kgo|en ¥Ql= 319.73~558.97 mg/keo| AT},
ADHD o}g+9] 84 H 59| Bt 429.62(EFHA}
1.08) mg/kg, W)= 319.73~490.93 mg/kge] it AAF thx
T oH5 9] A BtL 476.38(FFHAL 1.06) mg/ke, M=
436.85~558.97 mg/kgo| Atk @A H FE+= dixgol Hs|
ADHD oFg<tol|A Woton, 1 B4t zjol= SAXH SR

ADHD (n=50) Normal control (n=45) p

Sex (M : F) 40:10 34:11 0.60
Age, meantSD, year 8.18+1.83 7.69%£1.26 0.13
Paternal age, mean+SD, year (range) 39.20+4.05 (31-50) 39.30+2.08 (35-44) 0.92
Maternal education (%) <0.001

High school 26 (52.0) 2 (4.4)

Undergraduate school 22 (44.0) 42 (93.3)

Graduate school 1 (2.0 1(2.2)
Paternal education (%) <0.001

Middle school 2 (4.0) 0 (0.0)

High school 19 (38.0) 489

Undergraduate school 25 (50.0) 30 (66.7)

Graduate school 3(6.0) 11 (24.4)
Monthly income (thousand won) 0.003

<2000 8 (16.0) 1(2.2)

2000-4000 26 (52.0) 21 (46.6)

4000-6000 13 (26.0) 16 (35.6)

6000-8000 3(6.0) 7 (15.6)
Height, mean=SD, cm 131.14£10.93 127.30£20.07 0.53
Weight, mean+SD, kg 31.094+8.82 29.92+8.97 0.25
Q 101.00+£12.99 116.40+£12.87 <0.001

ADHD : Attention-deficit/hyperactivity disorder, I1Q : Intelligence quotient, SD : Standard deviation
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Table 2. Comparison of clinical and neuropsychological test results of study population
ADHD (n=50) Normal control (n=45) p
K-ARS total score 29.37+10.17 5.33+4.31 <0.001
Inattention 16.80+5.30 3.29+2.66 <0.001
Hyperactivity-impulsivity 12.57£5.94 2.041£2.04 <0.001
K-IOWA total score 12.98+5.46 1.91+£2.22 <0.001
Inattention-overactive 7.53£2.92 0.91£1.16 <0.001
Oppositional-defiant 5.45£3.19 1.00+1.54 <0.001
ADS
Visual omission 80.94+21.91 62.11£19.39 <0.001
Visual commission 71.741£20.18 62.96+19.67 0.035
Visual RT mean 58.92+14.92 54.42+12.80 0.12
Visual RT SD 73.42+28.41 56.93+15.04 0.001
Auditory omission 75.70+21.30 62.07+17.56 0.001
Auditory commission 65.40£19.10 58.82+18.07 0.089
Auditory RT mean 51.42+18.54 62.38£11.19 0.001
Auditory RT SD 51.50+£14.53 50.20+9.84 0.60
CCTT
CCTTI total time 41.74£12.96 46.9819.91 0.03
CCTT2 total time 43.10+13.01 50.91£6.93 <0.001
Ratio interference 1.38£0.84 1.28£0.61 0.50
Difference inferference 46.76+11.68 52.36+6.92 0.005
Stroop color-word test
Color naming 40.90£11.97 51.36£11.54 <0.001
Word reading 45.30+11.40 54.36+9.08 <0.001
Color-word 42.46£9.23 53.22+10.26 <0.001
Interference 49.1219.91 46.93+9.51 0.277

ADHD : Attention-deficit/hyperactivity disorder, K-ARS : Korean ADHD Rating Scale, ADS : Attention diagnostic system, CCTT : Children’s
color trails test, K-IOWA : Korean version IOWA Connors Rating Scale, SD : Standard deviation, RT : Response time

Table 3. Correlation between ADHD symptom severity and serum Fe level

Serum Fe K-ARS-H K-ARS-| K-ARS-T K-IOWA-IO K-IOWA-OD K-IOWA-T
Serum Fe 1.00
K-ARS-H -0.27* 1.00
K-ARS-I —-0.391 0.85t 1.00
K-ARS-T -0.35*% 0.96t 0.971 1.00
K-IOWA-IO -0.37t 0.84t 0.891 0.90t 1.00
K-IOWA-OD -0.27* 0.63t 0.671 0.68t 0.76t 1.00
K-IOWA-T —0.34* 0.79t 0.84t 0.85t 0.95t 0.93t 1.00

* . Correlation is significant at the 0.05 level (2-tailed), T : Correlation is significant at the 0.001 level (2-tailed). K-ARS : Korean ADHD

Rating Scale, K-IOWA : Korean version IOWA Connors Rating Scale, T : Total, H : Hyperactivity-impulsivity, | :

Inattention, 1O : Inat-

tention-overactive, OD : Oppositional-defiant, ADHD : Attention-deficit/hyperactivity disorder
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Table 5. Logistic regression results examining the association of
serum iron level and ADHD diagnosis

B (SE) o) Odds ratio 95% ClI
Serum Fe*  71.03(15.42) <0.001 7.03 5.30-9.32
Serum Fet  70.89 (16.36)  <0.001 6.12 5.14-7.27
Serum Fet 64.77 (16.37)  <0.001 1.35 1.16-1.57
Serum Fes 69.65(18.09)  <0.001 1.78 4.42-7.11
Serum Fe! 71.38 (21.46) 0.001 1.00 1.85-5.46

= . Model 1 :including serum Fe, T : Model 2 : including serum Fe,
paternal education, *: Model 3 : including serum Fe, paternal and
maternal education, § : Model 4 : including serum Fe, paternal
and maternal education, monthly income, ' : Model 5 : including
serum Fe, paternal and maternal education, monthly income, I1Q.
SE : Standard error, Cl : Confidence interval, IQ : Inteligence quo-
fient, ADHD : Attention-deficit/hyperactivity disorder

A ofE 585 oFA &2 ok 227, ADHD= #l
2 Aot A Al

)
jlle
1>
i2d
L
>
w)]
jan)
W)
olN
o
ox
i
o
i
o
)
"

o
i)
i
e

LR o2 g Mo
i jlgﬂ o
= i)
=5
ol o
gd
ofy
S
)
4>
10

e oE A
i)
ne,
rJ
(i
re
-
i)
A=)
)
Lo
il
Py
lo
oo
ox
L
i}
O

B ore o
-
2
o)
=)
i
Q

2

il
f
ofw
i:‘
U
2

il AEFHARRY e 20 A E A9 E
o] A o] Jld 54| ofsoll A 2] Hetdo] ol k=
AT A7t Qlo] 2 A7) Aik= T At dA e &
o2 A7 t?

E3H I e Aoz Z3HE TsAS fou|sH

AEshg ot el 3, A5 A4 Y5dE wE 6y

3 Follt wApulsL gasksin. 2ol sele 29 % ¥
ot ehie] AB1AAA Ao YEHS 2010z A3
AAE A $Ro) % WAel 93 ALY B A
FoAME ARAAA Aee] AT 5 oju]e] shelo] A
Aol o LA 1% ATl Fme] shelo] o
Zehelol] GFL vlFP 0 of Ul Stelat ok 5o Yo

g 7k9] FiAo] Buslef ojn|u]o] stelo] oF 8-S

=2
=
il

e
32 o
=
o
)

R A suel 9 v £ 9es o a
A% 240 HAS B3 oFEe] SR 201 BT A
9, ®R Ao WA 78k, o8 Bl A% A%t
R A 09 JERGo] AALER, T HBAEE B3t
ohe @3 Ho| YARORY BEARYL & 4 ek
ob] A Aol 109 He] A% A5o] FFS 1)HS ® of
Yok o~ 114] oF5-S Ao 2 A A Aeet A% A%, 5
o A ES A AT AYH A A5 2 34 A
# 7F ©o] glo], £ AL o] Aol AX|sh] A AW
Fou ofjel ANFAQl Q1A HolE HHeIsHA 9T
2 2 4 98-S AARITESY Jelm 449l 8RS
2 o), 93 A WAL gastel 799 AAA vt
3 A 29l GFS FAL FSHE AT A
S72 obFe] opyeiel BaElo] A AYOR ool 4

www,jknpa.org ST



J Korean Neuropsychiatr Assoc I 2016;55(1):51-59

itk A8l HAIA A7t dess wy d 28-S 1el of
50| Q1A 71 A4 WS SRS ) 27] 42 2
5% 277} o Ak ekl ofo] Fele At 2 <)
A 59 431 1 49 A AP FAE mefs of
o] 4 g3] GRS A Ao] 4 A AUA NE
S Y Qo HH 52 Bk Aol Basi? B9
4 wgol Bgo] B 4 gt

B Ao Agont REotE A9 B1E o gl 4
e Shlst, @ Mol SRS 3W Z4ote] HREe 7
stel A 058 Sl Yol itk

Aol AR A B WA 4 U 8 v
9, slm g, Edael, A2 5 S5 ool
cloRet 24212 Mgt AT 2ate] 2lo] o] Rojxx) 2
ek Soltt

2 £

=

1,83 d v = ADHD A4 AZEE, A5 242 A
753 folsh A TAZE EAskgich ok whe @A A
5% ADHD?| A&7 5 shtd 4 QAT de
olut AbEl A4 A et 2 IS 1Y
B4 ool : ol Ay HAFER - 4.
Acknowledgments

o] =E-e 011 E AR (@S| L) APo 3t
S AFAEL A fE ot =3 AU (NRF-2011-619-
E0001).

Conflicts of Interest
The authors have no financial conflicts of interest.

REFERENCES

1) American Psychiatric Association. Diagnostic and statistical manual
of mental disorders (DSM-5®). 5th ed. Arlington, VA: American
Psychiatric Association;2013.

2) Barkley RA. Behavioral inhibition, sustained attention, and executive
functions: constructing a unifying theory of ADHD. Psychol Bull
1997;121:65-94.

3) Nigg JT, Blaskey LG, Stawicki JA, Sachek J. Evaluating the endo-
phenotype model of ADHD neuropsychological deficit: results for
parents and siblings of children with ADHD combined and inatten-
tive subtypes. J Abnorm Psychol 2004;113:614-625.

4) Milberger S, Biederman J, Faraone SV, Chen L, Jones J. Is maternal
smoking during pregnancy a risk factor for attention deficit hyperac-
tivity disorder in children? Am J Psychiatry 1996;153:1138-1142.

5) Mick E, Biederman J, Prince J, Fischer MJ, Faraone SV. Impact of
low birth weight on attention-deficit hyperactivity disorder. J Dev
Behav Pediatr 2002;23:16-22.

6) Briscoe-Smith AM, Hinshaw SP. Linkages between child abuse and

58

attention-deficit/hyperactivity disorder in girls: behavioral and social
correlates. Child Abuse Negl 2006;30:1239-1255.

7) Nigg JT, Knottnerus GM, Martel MM, Nikolas M, Cavanagh K,
Karmaus W, et al. Low blood lead levels associated with clinically
diagnosed attention-deficit/hyperactivity disorder and mediated by
weak cognitive control. Biol Psychiatry 2008;63:325-331.

8) Konofal E, Lecendreux M, Arnulf I, Mouren MC. Iron deficiency in
children with attention-deficit/hyperactivity disorder. Arch Pediatr
Adolesc Med 2004;158:1113-1115.

9) Grantham-McGregor S, Ani C. A review of studies on the effect of
iron deficiency on cognitive development in children. J Nutr 2001;
131:649S-666S; discussion 666S-668S.

10) Lukowski AF, Koss M, Burden MJ, Jonides J, Nelson CA, Kaciroti
N, et al. Iron deficiency in infancy and neurocognitive functioning at
19 years: evidence of long-term deficits in executive function and
recognition memory. Nutr Neurosci 2010;13:54-70.

11) Oner O, Alkar OY, Oner P. Relation of ferritin levels with symptom
ratings and cognitive performance in children with attention deficit-
hyperactivity disorder. Pediatr Int 2008;50:40-44.

12) Yehuda S, Youdim MB. Brain iron: a lesson from animal models.
Am J Clin Nutr 1989;50(3 Suppl):618-625; discussion 625-629.

13) Beard J. Iron deficiency alters brain development and functioning. J
Nutr 2003;133(5 Suppl 1):1468S-1472S.

14) Halterman JS, Kaczorowski JM, Aligne CA, Auinger P, Szilagyi PG.
Iron deficiency and cognitive achievement among school-aged children
and adolescents in the United States. Pediatrics 2001;107:1381-1386.

15) Baker RD, Greer FR; Committee on Nutrition American Academy of
Pediatrics. Diagnosis and prevention of iron deficiency and iron-defi-
ciency anemia in infants and young children (0-3 years of age). Pediat-
rics 2010;126:1040-1050.

16) Kaufman J, Birmaher B, Brent D, Rao U, Flynn C, Moreci P, et al.
Schedule for affective disorders and schizophrenia for school-age chil-
dren-present and lifetime version (K-SADS-PL): initial reliability and
validity data. ] Am Acad Child Adolesc Psychiatry 1997;36:980-988.

17) Kim YS, Cheon KA, Kim BN, Chang SA, Yoo HJ, Kim JW, et al.
The reliability and validity of kiddie-schedule for affective disorders
and schizophrenia-present and lifetime version- Korean version (K-
SADS-PL-K). Yonsei Med J 2004;45:81-89.

18) DuPaul GJ. Parent and teacher ratings of ADHD symptoms: psycho-
metric properties in a community-based sample. J Clin Child Psychol
1991;20:245-253.

19) American Psychiatric Association. Diagnostic and statistical manual
of mental disorders: DSM-IV. 4th ed. Washington, DC: American
Psychiatric Association;1994.

20) So YK, Noh JS, Kim Y, Ko SG, Koh YJ. The reliability and validi-
ty of Korean parent and teacher ADHD Rating Scale. ] Korean Neu-
ropsychiatr Assoc 2002;41:283-289.

21) Kim YS, So YK, Noh JS, Choi NK, Kim SJ, Koh YJ. Normative
data on the Korean ADHD Rating Scales(K-ARS) for parents and
teacher. J Korean Neuropsychiatr Assoc 2003;42:352-359.

22) Shin MS, Ryu ME, Kim BN, Hwang JW, Cho SC. Development of
the Korean version of the IOWA Conners Rating Scale. J Korean
Neuropsychiatr Assoc 2005;44:82-88.

23) Shin MS, Cho S, Chun SY, Hong KE. A study of the development
and standardization of ADHD diagnostic system. J Korean Acad
Child Adolesc Psychiatry 2000;11:91-99.

24) Koo HJ, Shin MS. A standardization study of children’s color trails
test(CCTT). J Korean Acad Child Adolesc Psychiatry 2008;19:28-37.

25) Golden C. Stroop colour and word test. Age 1978;15:90.

26) Shin M, Park M. A standardization study for Korean version of the
Stroop color-word test children’s version. Seoul: The Korean Psy-
chological Association;2006.

27) Park K. KEDI-WISC manual. Seoul: Korean Educational Insti-
tute;1991.

28) Erikson KM, Pinero DJ, Connor JR, Beard JL. Regional brain iron,



HAL DU Eof o= 9

ek
2

Z 2 s MFE 7/s 1Sl Ahn, etal.

ferritin and transferrin concentrations during iron deficiency and iron
repletion in developing rats. J Nutr 1997;127:2030-2038.

29) Rao R, Tkac I, Townsend EL, Gruetter R, Georgieff MK. Perinatal
iron deficiency alters the neurochemical profile of the developing rat
hippocampus. J Nutr 2003;133:3215-3221.

30) Hare D, Ayton S, Bush A, Lei P. A delicate balance: iron metabolism
and diseases of the brain. Front Aging Neurosci 2013;5:34.

31) Menegassi M, Mello ED, Guimaraes LR, Matte BC, Driemeier F,
Pedroso GL, et al. Food intake and serum levels of iron in children
and adolescents with attention-deficit/hyperactivity disorder. Rev
Bras Psiquiatr 2010;32:132-138.

32) Metallinos-Katsaras E, Valassi-Adam E, Dewey KG, Lonnerdal B,
Stamoulakatou A, Pollitt E. Effect of iron supplementation on cogni-
tion in Greek preschoolers. Eur J Clin Nutr 2004;58:1532-1542.

33) Algariin C, Peirano P, Regeasse MS, Lozoff B. Iron deficiency anemia
in infancy affects the performance of executive functions in childhood.
Pediatr Res 2003;53:872.

34) Hoff E, Laursen B, Tardif T. Socioeconomic status and parenting. In:
Bornstein MH, editor. Handbook of parenting volume 2: biology and

ecology of parenting. Mahwah, NJ: Lawrence Erlbaum;2002. p.231-
252.

35) Reed BA, Habicht JP, Niameogo C. The effects of maternal educa-
tion on child nutritional status depend on socio-environmental condi-
tions. Int J Epidemiol 1996;25:585-592.

36) Lozoff B, Jimenez E, Hagen J, Mollen E, Wolf AW. Poorer behav-
ioral and developmental outcome more than 10 years after treatment
for iron deficiency in infancy. Pediatrics 2000;105:E51.

37) Pollitt E, Hathirat P, Kotchabhakdi NJ, Missell L, Valyasevi A. Iron
deficiency and educational achievement in Thailand. Am J Clin Nutr
1989;50(3 Suppl):687-696; discussion 696-697.

38) Lozoff B, Jimenez E, Smith JB. Double burden of iron deficiency in
infancy and low socioeconomic status: a longitudinal analysis of cog-
nitive test scores to age 19 years. Arch Pediatr Adolesc Med 2006;160:
1108-1113.

39) Schnoll R, Burshteyn D, Cea-Aravena J. Nutrition in the treatment
of attention-deficit hyperactivity disorder: a neglected but important
aspect. Appl Psychophysiol Biofeedback 2003;28:63-75.

www,jknpa.org 59



