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Abstract Iron deficiency anemia is the most frequent
micronutrient deficiency in the developing countries like
India especially affecting pregnant women and young chil-
dren. Iron is an essential element involved in myelin for-
mation, neurotransmitter synthesis and neuro-metabolism.
Several behavioural disturbances have been reported in iron
deficient children. In the present study, we determined the
prevalence of iron deficiency anemia in children with
behavioural disorders and assessed the improvement in
terms of symptoms (by child behaviour check list), haema-
tological parameters and iron status after treatment with oral
iron. In this prospective study, 44 children in the age group
of 3-12 years who were diagnosed with behavioural disor-
ders were evaluated. Complete blood counts using auto-
mated hematology analyzer and iron parameters (serum
iron, total iron binding capacity, % transferrin saturation and
serum ferritin) were measured in all the patients to assess the
prevalence of iron deficiency in these children. Thirty age
matched controls were also studied. Iron deficiency was
found in 32 (73%) children, as assessed by transferrin sat-
uration <16% and/or serum ferritin <16 pg/l. Following
treatment with iron for 100 £ 10 days, there was a statisti-
cally (P < 0.05) significant improvement in the clinical
features, haematological profile and iron status. The pres-
ence of iron deficiency in children with behavioural disor-
ders and subsequent improvement in clinical features,
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haematological profile and iron status suggests a possible
causal relationship between iron deficiency and behavioural
disorders.
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Introduction

Anemia is a frequently encountered clinical manifestation
and an important public health problem, especially in
developing countries. The National Family Health Survey-
3 (NFHS-3) was conducted in India in 2005-2006 and
covered 29 states. The data showed that the percentage of
children in the age group of 6-35 months that are anemic is
as high as 80% or more in Chhattisgarh, Gujarat and
Punjab [1]. The figures have increased since the time of the
previous survey [2]. Deficiency of iron is the most fre-
quent micronutrient deficiency specially affecting pregnant
women and young children, the estimated prevalence being
49.7 and 74%, respectively [2, 3].

Iron being a key element in the metabolism of almost all
living organisms, affects growth in infancy, motor devel-
opment and coordination, language development and scho-
lastic achievement in children [4]. It is an essential element
involved in myelin formation, neuro-metabolism and neu-
rotransmitter synthesis [5, 6]. Studies on animal models and
humans have examined the effects of iron deficiency and/or
anemia on cognitive function and behaviour. In rodent
models, both moderate and severe iron deficiency have been
shown to cause alterations in activity patterns and motor
development, as well as diminished cognitive performance
[7-9]. Similarly, children with iron deficiency have been
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reported to be irritable and disruptive. They have a short
attention span and lack interest in their surroundings [10, 11].

Though iron deficiency anaemia is very frequent in
developing countries like India, a search in literature did
not reveal any large study which correlated iron status and
behavioural disorders. This study thus attempts to explore
the possible causal relationship between iron deficiency
anemia and behavioural disorders.

Materials and Methods

This prospective study was conducted between December
2006 and March 2008. It was carried out on 44 children in
the age group of 3—12 years with behavioural disorders (as
per inclusion and exclusion criteria) in the Hematology
Section of Department of Pathology in collaboration with
the Department of Psychiatry, University College of
Medical Sciences and Guru Teg Bahadur Hospital, Delhi.
Thirty age-matched healthy controls were also included in
the study. An informed written consent was taken from the
parents/guardian of the patients.

Children with the following behavioural disorders (as per
DSM IV-TR criteria) [12], were included in the study-
Attention deficit hyperactivity disorder (ADHD), Conduct
disorder, Oppositional defiant disorder (ODD), Pica and
others like Phobia, Elimination disorder, Trichotillomania,
Breath holding spells and Thumb sucking. These children
were clinically evaluated and a check list score was given to
them based on Child Behaviour Check List (CBCL) [13].
This is a 113 item behavioural problem checklist intended to
evaluate pathological behaviour in children aged between
1'% and 18 years.

The following investigations were done in all patients
and controls at recruitment: complete blood counts using
automated hematology analyzer MS 9-3, examination of
stained peripheral blood film (Wrights stain) [14], serum
iron (ICSH, 1978) [15], total iron binding capacity [16] and
serum ferritin (ELISA). A diagnosis of iron deficiency was
made if % transferrin saturation was less than 16% and/or
serum ferritin <16 pg/l.

All patients were given oral iron in the dose of 4—6 mg/
kg in three divided doses for 100 £ 10 days. A close follow
up was done to ensure compliance with iron therapy and to
assess for side effects, if any. All patients were clinically
evaluated at the end of iron therapy. Complete blood counts
and iron parameters were also repeated at this time.

The data was subjected to statistical analysis using the
SPSS statistical software (version 12). Unpaired student
t test and Chi square test were used for comparison between
cases and controls and paired student 7 test for comparison
between pre and post treatment values. A P-value of <0.05
was taken to be statistically significant.
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Results

The age of the patients ranged from 3 to 12 years with a
mean £ SD of 8.7 & 2.6 years. This was not statistically
different from the controls (range 3—12 years, mean = SD
6.9 £ 2.9 years).

The clinical diagnosis of the patients is shown in
Table 1.

A checklist score was given to all patients at recruit-
ment. The score ranged from 2 to 48 with a mean + SD of
14.4 + 134.

Complete Blood Counts (CBC)

Values of the various parameters of CBC in patients and
controls are shown in Table 2.

Anemia (Hb < 11 g/dl) was detected in 28 (63.6%)
patients. It was mild (Hb 8-11 g/dl) in 25 (56.8%) and
moderate (Hb < 8 g/dl) in 3 (6.8%) cases.

Examination of Stained Peripheral Blood Smear
Red cells were microcytic hypochromic in 19 (43.2%),

predominantly normocytic normochromic with few mi-
crocytes in 12 (27.3%) and 13 (29.5%) had normocytic

Table 1 Diagnosis of patients at presentation

Diagnosis No. %

ADHD 21 47.7
Conduct 5 11.4
ODD 4 9.1

Pica 9 20.5
Others 5 11.4
Total 44 100

Table 2 Complete blood counts of patients and controls

Parameter Patients (n = 44) Controls (n = 30) P-value
Range Mean + SD Range Mean + SD

Hb (g/dl) 6.1-14.8 10.7 £ 1.8 11.9-13.7 12.7 £ 0.6 0.000*

PCV % 19.0-41.0 321 £45 36.1-42.0 387+ 1.8 0.000*

RBC 3.14-4.84 3.82 £ 049 357452 4.04 £0.22 0.010*
(x10"/1)

MCV (fl) 55.6-93.2 76.7 + 8.7 82.1-92.1 857 £3.2 0.000*

MCH 18.6-31.9 259 + 3.1 28.1-32.1 298 £09 0.000*
(pg)

MCHC 26.0-36.0 312 £24 32.4-37.8 356+ 14 0.000*
(g

P/C 116473 236.3 + 78.3 168483 281 £79.7 0.018*
(x10°)

TLC 3.4-10.2 7.1+ 1.7 5.3-9.5 72+ 14 0.823

(x10°71)

(Unpaired Student ¢ test) * Significant
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Table 3 Iron status of patients Parameter Patients (n = 44) Controls (n = 30) P-value
and controls
Range Mean £+ SD Range Mean £+ SD
S iron (pg/dl) 11.0-157.0 64.6 + 29.2 55.0-157.0 99.1 + 27.5 0.000%*
TIBC (pg/dl) 251-481 396.3 + 48.8 234-419 3294 + 514 0.000*
. % TS 5.3-35.6 179 £ 7.0 17.8-41.9 269 £ 6.7 0.000*
(Unpaired Student ¢ test) S ferritin (ug/l) 2.0-35.0 113 + 85 17.0-170.0 50.9 + 33.5 0.000%

* Significant

normochromic red cells. All the 30 controls had normo-
cytic, normochromic morphology.

Iron Parameters

Values of serum iron, total iron binding capacity (TIBC),
% transferrin saturation (%TS) and serum ferritin are
shown in Table 3.

Iron deficiency was diagnosed in 32 (72.7%) patients. Of
these 32 patients the deficiency was latent (serum ferri-
tin < 16 pg/l, Hb: normal) in 4 (12.5%) patients. All 32
patients were given treatment with oral iron for 100 £
10 days and were followed up at regular intervals. The
patients were assessed again in terms of clinical and hema-
tological improvement (CBC and iron parameters) at the end
of treatment. Five patients were lost to follow up and 27
patients completed the study.

Complete Blood Counts Before and After Treatment

Complete blood counts in 27 patients who completed the
study are shown in Table 4.

There was a significant (P < 0.001) increase in the
hemoglobin concentration, PCV, RBC count, MCV, MCH
and MCHC in all the 27 children who received iron
therapy.

However, it was observed that even after treatment with
iron, hemoglobin concentration was less than 11 g/dl in 9
(33%). MCV was <80 fl in 16 (59.3%) patients and MCH
was <27 pg in 12 (44.4%) patients.

Iron Status Before and After Treatment

Iron status before and after treatment of these patients is
shown in Table 5.

Table 4 Complete blood

counts before and after Parameter Before treatment (n = 27) After treatment (n = 27) P-value
treatment Range Mean £+ SD Range Mean £+ SD
Hb (g/dl) 6.1-11.4 9.7+12 8.6-13.7 114 +£12 0.000*
PCV % 19.0-36.6 30.0 + 3.8 28.2-44.2 362 + 3.6 0.000*
RBC (x10"/1) 3.14-4.84 3.66 £ 0.44 3.34-5.51 4.06 + 0.59 0.000%
MCV (f) 55.6-81.5 719 £73 70.2-89.5 80.1 £ 5.1 0.000%*
MCH (pg) 18.6-28.3 245 +£238 19.9-30.8 272 £ 2.6 0.000%*
MCHC (g/) 26.0-33.2 300 + 1.9 25.4-35.3 31.8 £ 23 0.001*
P/C (x10°/1) 165-473 257.2 + 843 165-445 271.2 £ 814 0.313
(Paired Student  test) TLC (x10°71) 3.41-9.70 6.55 + 1.63 3.47-12.40 6.86 + 1.82 0275
Significant
:fitl:rliriatlr;oer;tsmms before and Parameter Before treatment (n = 27) After treatment (n = 27) P-value
Range Mean £+ SD Range Mean £+ SD
S.iron (pg/dl) 11.0-86.0 48.1 £ 153 34.0-135.0 80.7 £ 20.1 0.000%*
TIBC (ng/dl) 301-475 416.1 &+ 35.0 296423 368.2 + 28.4 0.000%*
% TS 5.3-33.0 143 £53 8.1-33.2 20.6 £5.3 0.000*
(Paired Student ¢ test) S ferritin (ug/l) 2.0-11.0 62+ 28 5.0-16.0 9.8 + 3.9 0.000%

* Significant
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There was a statistically significant rise in serum iron,
%TS and serum ferritin with a statistically significant
decrease in TIBC after iron therapy. Though there was a
rise in the serum ferritin value, it continued to be <16 pg/l
in 24 (88.9%) patients and was 16 pg/l in 3 (11.1%). %
Transferrin saturation was <16% in 25 (92.6%) patients
after therapy.

Clinical Evaluation After Treatment

Checklist score was applied to all 27 patients after iron
therapy. There was a statistically (P < 0.001) significant
decrease in the score to 0-43 with a mean + SD of
10.5 £ 12.3 (pre treatment 2-48, 14.4 £+ 13.4).

All children tolerated iron therapy well and did not
develop any side effects or any other problem. All of them
had a general feeling of well being and showed clinical
improvement.

Discussion

Anemia is a frequently occurring clinical manifestation
especially in developing countries. In a world census, the
estimated prevalence of anemia in the world and its
extrapolation to the Asian population suggests that approx-
imately 47.5% of the anemic population lives in South Asia.
Extrapolating these figures to the Indian population suggests
that approximately half of the population of around one
billion will be anemic [17]. Results from NFHS-3 indicate
that 80% of children in India in the age group of
6-35 months are anemic. The figures in this survey have
increased since the time of the previous survey [2].

Deficiency of iron is the most frequent micronutrient
deficiency and 90% of all types of anemia in the world are
due to iron deficiency [18]. IDA remains a major health
problem in India mostly affecting young children and
pregnant women [2, 3]. In a study done in North East Delhi
on 545 children of 9-36 months of age, iron deficiency was
detected in 87% children [19]. These figures highlight the
magnitude of iron deficiency and iron deficiency anemia in
India.

Iron is an important component of haemoglobin, myo-
globin and enzymes which perform vital functions in the
body [4]. Deficiency of iron thus affects various tissues,
organs and systems in our body in addition to causing ane-
mia. The brain has a higher concentration of iron than any
other metal [20]. It is an important nutrient and an essential
element involved in myelin formation and neurotransmitter
synthesis [4].

Deficiency of iron is reported to cause several behav-
ioural disturbances in children. These children are irritable,
disruptive, have a short attention span and lack interest in the
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surroundings. It has been shown that neurologic develop-
ment in infants and scholastic performance in older children
may be impaired in iron deficiency [11].

In the present study, iron status was assessed in 44
children with behavioural disorders. Of these, 32 (73%)
were found to be iron deficient (% transferrin saturation
<16% and/or serum ferritin <16 pg/l). These findings are
in concordance with the study conducted by Konofal et al.
who demonstrated abnormally low serum ferritin levels in
children with ADHD [21]. In their study, serum ferritin
levels were twice as low in children with ADHD as in
controls.

Several other authors have also found an association
between iron deficiency anemia and poor cognitive and
motor development and behavioural problems [6, 10, 11].
It has also been seen that the severity of these changes is
proportional to the severity and duration of anemia [22,
23].

An interesting observation in our study was that, all the
nine patients with pica, were iron deficient. The association
of pica with iron deficiency is well documented in literature
[24, 25]. Singhi et al. studied 50 children with iron defi-
ciency anemia with pica and found that the plasma iron level
(mean £ SD) in children with pica (42.7 & 9.2 mg/dl) was
about 20% lower than that in controls (51.5 + 10.0 mg/dl,
P value < 0.001) [26].

It was interesting to know that there were four children
in this study in whom iron deficiency was latent and they
still presented clinically with various behavioural disor-
ders. Similar results have also been shown in other studies,
where it was found that iron deficiency even in the absence
of anemia, resulted in biochemical alterations that impaired
behaviour in children [7, 27].

All patients were given oral iron therapy for 100 +
10 days. Hematological parameters and iron status were
measured at the end of therapy. Twenty-seven patients
completed the study and five were lost to follow-up. Fol-
lowing treatment with iron, there was a statistically (P <
0.001) significant improvement in the haematological
parameters. The mean + SD hemoglobin levels increased
from 9.7 & 1.2to 11.4 £ 1.2 g/dl after treatment with iron.
PCV, RBC count, MCV, MCH and MCHC also showed a
significant (P < 0.001) increase (Table 4). There was a
statistically (P < 0.001) significant increase in serum iron,
%TS, serum ferritin and a decrease in TIBC after iron
therapy.

Nine (33%) children still had a Hb of < 11 g/dl at the
time of follow-up. These children had taken iron regularly
and had tolerated it well. This suggests that a longer period
of iron therapy is required to alleviate anemia.

Clinical re-evaluation of patients with IDA using the
checklist score in the present study showed that there was a
statistically (P < 0.001) significant decrease in the post
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treatment values of the CBCL. The mean + SD before and
after treatment were 14.4 £ 13.4 and 10.5 & 12.3, respec-
tively. Previous studies in Indian children have also shown
that children with iron deficiency anemia had lower levels of
attention and concentration and that there was significant
improvement with iron supplementation [28, 29].

The degree of response was variable in children with
different diagnoses. However, it could not be assessed
statistically as the number of patients in each group was
small. Patients with pica showed drastic improvement in
symptoms post therapy.

The presence of iron deficiency in children with
behavioural disorders and subsequent improvement in
clinical features, haematological profile and iron status
suggests a possible causal relationship between iron defi-
ciency and behavioural disorders.

An area of concern is the observation by some authors
that iron deficiency induced changes are not completely
reversed even after iron repletion. Lozoff et al. studied 191
children with IDA in infancy that were followed up at
5 years of age to check for developmental status. The
authors concluded that children with IDA during infancy
are at risk for long lasting developmental disadvantages
compared to iron replete infants [30].

Though children with behavioural disorders in this study
showed clinical improvement with iron therapy, some of
them continued to remain iron deficient. Longer follow-up
on a larger number of children is required to fully ascertain
to what extent the behavioural disorder was reversed.

In view of these findings and the magnitude of IDA in
our country, it is imperative that iron deficiency be treated
expeditiously and effectively to prevent a cohort of popu-
lation existing with reduced mental and psychomotor
development. With some of the changes extending into
adulthood it will have a significant impact on productivity
and ultimately on the economy of the world.

References

1. National Family Health Survey-III (NFHS-III) (2005-2006)
Ministry of health and family welfare, Government of India.
International Institute for Population Sci, Deonas, Mumbai

2. National Family Health Survey-II (NFHS-II) (2002) Anemia
among women and children, Mumbai. International Institute for
Population Science 141-157

3. Shali T, Singh C, Goindi G (2004) Prevalence of anemia amongst
pregnant mothers and children in Delhi. Indian J Pediatr 71:946

4. Andrews NC (2004) Disorders of iron metabolism and heme syn-
thesis. In: Greer JP, Rodgers GM, Foerster J, Paraskevas F, Lukens
JN, Glader B (eds) Wintrobe’s clinical haematology, vol 1, 1 1th edn.
Lippincott Williams & Wilkins, Philadelphia, pp 979-1009

5. Connor JR, Menzies SL (1996) Relationship of iron to oligo-
dendrocytes and myelination. Glia 17:83-93

10.

11.

12.

13.

14.

15.

16.

17.

18.

20.

21.

22.

23.

24.

25.

26.

27.

. Lozoff B, Beard J, Connor J, Barbara F, Georgieff M, Schallert T

(2006) Long lasting neural and behavioural effects of iron defi-
ciency in infancy. Nutr Rev 64:s34—s43

. Kwik-Uribe CL, Golub MS, Keen CL (1999) Behavioral conse-

quences of marginal iron deficiency during development in a
murine model. Neurotoxicol Teratol 21:661-672

. Weinberg J, Dallman PR, Levine S (1980) Iron deficiency during

early development in the rat: behavioral and physiological con-
sequences. Pharmacol Biochem Behav 12(4):493-502

. Felt BT, Lozoff B (1996) Brain iron and behaviour of rats are not

normalized by treatment of iron deficiency anemia during early
development. J Nutr 126:693-701

Granthem-Mc Gregor S, Ani C (2001) A review of studies on the
effect of iron deficiency on cognitive development in children.
J Nutr 131:649s—666s

McCann JC, Ames BN (2007) An overview of evidence for a
causal relation between iron deficiency during development and
deficits in cognitive or behavioural functions. Am J Clin Nutr
85(4):931-945

American Psychiatric Association (1994) Diagnostic and statis-
tical manual of mental disorders. 4th edn. Author, Washington
Achenbach TM (1991) Manual for the child behaviour checklist/
4-18. University of Vermont, Department of Psychiatry,
Burlington

Bain BJ, Lewis SM, Bates I (2002) Basic hematological tech-
niques. In: Bain BJ, Lewis SM, Bates I (eds) Dacie and Lewis
practical hematology, 10th edn. Churchill Livingstone, London,
pp 25-58

International Committee for Standardization in Hematology
(1978) Recommendation for measurement of serum iron in
human blood. Br J Hematol 38(2):291-294

Ressler N, Zak B (1958) Serum unsaturated iron binding capac-
ity. Am J Clin Pathol 30:87-90

De Maeyer EM, Adiels-Tegman M (1985) The prevalence of
anemia in the world. World Health Stat Q 38:302-316
Devincenzi MU, Ribeiro LC, Sigulem DM (2000) Anemia fer-
ropriva na primeira infancia—I. Compacta Temas Nutr Aliment
1(2):5-17

. Kapur D, Agarwal KN, Sharma S (2002) Detecting iron defi-

ciency anemia among children (9-36 months of age) by imple-
menting a screening program in an urban slum. Indian Pediatr
39:67

Pollit E, Hathirat P, Kotchabhakdi NJ, Missell L, Valyasevi A
(1989) Iron deficiency and educational achievement in Thailand.
Am J Clin Nutr 50:687-696

Konofal E, Lecendreux M, Arnulf I, Mouren MC (2004) Iron
deficiency in children with attention-deficit hyperactivity disor-
der. Arch Pediatr Adolesc Med 158(12):1113-1115

Lozoff B, Klein NK, Nelson EC (1998) Behaviour of infants with
iron deficiency anemia. Child Dev 69:24-36

Lozoff B, Jimenez E, Hagen J, Mollen E, Wolf AW (2000)
Poorer behavioural and developmental outcome more than
20 years after treatment for iron deficiency in infancy. Pediatrics
105(4):E51

Moore DJ, Sears DA (1994) Pica, iron deficiency and the medical
history. Am J Med 97:390-392

Geissler PW, Mwaniki DL, Thiong’o F, Michaelsen KF, Friis
H (1998) Geophagy, iron status and anemia among primary
school children in Western Kenya. Trop Med Int Health 3(7):
529-534

Singhi S, Ravishanker R, Singhi P, Nath R (2003) Low plasma
zinc and iron in pica. Indian J Pediatr 70(2):139-143

Oski FA, Honing AS, Helu B, Howanitz P (1983) Effects of iron
therapy on behaviour performance in non anemic iron deficient
infants. Pediatrics 71(6):877-880

@ Springer



80 Indian J Hematol Blood Transfus (Apr-June 2011) 27(2):75-80

28. Agarwal DK, Upadhayay SK, Agarwal KN, Singh RD, Tripathi 30. Lozoff B, Wolf AW, Jimenez ZE (1996) Iron deficiency anemia
AM (1989) Anemia and mental functions in rural primary school and infant development: effects of extended oral therapy. J Pedi-
children. Ann Trop Pediatr 9:194-198 atr 129(3):382-389

29. Seshadri S, Gopaldas (1989) Impact of iron supplementation on
cognitive functions in preschool and school children: the Indian
experience. Am J Clin Nutr 50:675-686

@ Springer



	Iron Profile in Children with Behavioural Disorders: A Prospective Study in a Tertiary Care Hospital in North India
	Abstract
	Introduction
	Materials and Methods
	Results
	Complete Blood Counts (CBC)
	Examination of Stained Peripheral Blood Smear
	Iron Parameters
	Complete Blood Counts Before and After Treatment
	Iron Status Before and After Treatment
	Clinical Evaluation After Treatment

	Discussion
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


