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Introduction: The aim of this study was to investigate symptoms and 

diagnoses of Adult-Attention Deficit/Hyperactivity Disorder (ADHD) 

in women with iron deficiency anemia, to evaluate relationship 

between ADHD with clinical features and to compare with the 

women without iron deficiency anemia. 

Methods: Eighty-three newly diagnosed iron deficiency anemia 

patients and 70 healthy controls were included in this study. All 

participants were assessed using a sociodemographic form, Structured 

Clinical Interview I (SCID-I), Wender Utah Rating Scale (WURS); 

Moreover, participants having WURS scores 36 and above were 

also assessed using the Adult ADD/ADHD Evaluation Scale and 

interviewed according to DSM-5 criteria.

Results: In the study, 22.9% of patients with iron deficiency anemia 

and 12.9% of healthy controls were found to have WURS scores 36 

and above. Fifteen patients (18.1%) in iron deficiency anemia group 

and two patients (2.9%) in control group had adult ADHD, when 

they were evaluated with Adult ADD/ADHD Evaluation Scale and 

interviewed according to DSM-5 criteria (p=0.007). The patients with 

iron deficiency anemia had significantly higher WURS scores compared 

to controls (p=0.002). The levels of iron and ferritin had negative 

correlation (r=-0.166, p<0.05; r=-0.255, p<0.01, respectively) and 

the levels of serum iron binding capacity had positive correlation 

(r=0.255, p<0.01) with the scores of WURS. 

Conclusion: The prevalence of adult ADHD is higher than those 

reported for general population in patients with iron deficiency 

anemia. Early diagnose and treatment of adult ADHD may positively 

contribute to the patients with iron deficiency anemia. 

Keywords: Attention-deficit hyperactivity disorder, adult, iron 

deficiency, anemia

ABSTRACT

INTRODUCTION

Attention-deficit hyperactivity disorder (ADHD) is one of the 

most common childhood neuropsychiatric disorders, mainly char-

acterized by hyperactivity, impulsivity and lack of attention. Recent 

studies suggest that this disorder is not limited to childhood but 

persists throughout the period of adulthood as well. ADHD is re-

ported to a�ect the 5-10% of the school-age children across the 

world, 30-50% of whom have the same disorder as adults (1,2). 

On the other hand, adult ADHD prevalence was found 1-6% (3) 

whereas two recent meta-analyses reported this rate to be 2.5% 

(4) and 5.2% (5), respectively. The studies investigating the prev-

alence of adult ADHD in Turkey found the incidence rate to be 

1.6% in outpatient psychiatric clinics (6), which ranged between 

2.6% and 15.6% among the university students (7,8,9). Moreover, 

adult ADHD is demonstrated to be associated with reduced aca-

demic success, unemployment, frequent job switches, divorce and 

low socio-economic status (10,11,12).

The ADHD’s pathophysiology remains unclear despite numerous 

studies investigating the etiology of the disease. Prenatal and peri-

natal risk factors, genetic factors and neurobiological alterations 

are considered to be involved in its pathophysiology (13). Some 

studies have demonstrated that dopamine is the most important 

neurotransmitter included in ADHD’s pathophysiology, regulating 

its main clinical features: psychomotor activity and executive func-

tions (13,14). 

The role of iron, a fundamental trace element, in ADHD’s patho-

physiology has been examined lately. It has been suggested that re-

duced cerebral iron increases ADHD risk notwithstanding any de-

crease in the peripheral iron levels of the body (15). The evidence 

for the role of iron deficiency and metabolism in the ADHD’s 

pathophysiology includes the following: the cofactor role played 

by iron for the enzymes active in the synthesis and catabolism of 

monoaminergic neurotransmitters (16), the association between 

the reduced iron in the brain and the reduced density of receptors 

D2 and D4 as well as dopamine carriers (17), dysfunctional basal 

ganglions caused by iron deficiency (18), iron deficiency frequently 

displayed by children with attention deficit and hyperactivity ac-

companied by cognitive and behavior disorders (19), and demon-

strated comorbidity of restless legs syndrome and the ADHD (20). 
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Iron deficiency is the most common nutritional disorder across the world 

(21). Symptoms including weakness, irritability, communication disorders, 

reduced academic performance, regressed mental-motor development, 

reduced cognitive performance and papilledema are some of the e�ects 

caused by iron deficiency on the central nervous system. The iron level 

decreases in the central nervous system, and the iron-bound enzymes – 

required for the synthesis, activity and degradation of dopamin, serotonin 

and noradrenaline – deteriorate in the early stage of iron deficiency before 

it a�ects erythropoiesis. Deteriorated monoamine oxidase activity may 

result in reduced attention, memory and focus as well as apathy, sleepiness 

and irritability (22). Animal studies indicate that iron deficiency may cause 

structural and functional cerebral anomalies including altered dopamine 

metabolism, energy metabolism and myelination (23). Oades et al. have 

shown that cortical dopamine deficiency in rats results in hyperactivity and 

inhibition as well as impaired spatial orientation and temporal organization 

(24). Other animal studies further suggest that inadequate dopaminergic 

control in limbic striatal regions may hinder selective attention and behav-

ioral inhibition (25,26). Results of in vivo studies imply that dopamine is 

likely to play a significant role in all the main symptoms of ADHD. Studies 

on humans suggest a significant relation between iron deficiency and low 

scores in tests evaluating infants’ social and mental development, and it is 

also found related with reduced intelligence level, reduced learning and 

degraded neuropsychological functions (19). Recent studies claim that 

iron deficiency could be a risk factor for the ADHD (27,28,29). 

Although there are studies in the literature investigating iron metabo-

lism and deficiency in the ADHD, childhood ADHD in particular, there 

is no study examining the prevalence of ADHD among iron deficiency 

anemia patients according to our knowledge. This study aims to investi-

gate adult ADHD prevalence among women diagnosed with iron defi-

ciency, examine its relationship with clinical characteristics and compare 

them to those of women without iron deficiency.

METHODS

Participants

Research population consisted of the women diagnosed with iron de-

ficiency anemia who referred to the Family Polyclinic of the Research 

Hospital of our university from May 1, 2014 to May 1, 2015, and who 

received no treatment (n=133), and healthy women with similar age 

and educational background (n=110). Serum ferritin level ≤15 ng/ml, 

considered the best non-invasive test in the diagnosis of iron deficien-

cy, and hemoglobin level ≤12 g/dl were taken as points of reference 

(30). Volunteering, literate individuals within 18-50 age interval, without 

known mental disorder or deficiency, or organic and/or neurological 

disease that may harm cognitive functions, or regular medication, diag-

nosed with iron deficiency anemia and without other type of anemia or 

other diseases (patient group), and healthy individuals (control group) 

were included in the study. Patients and controls were assessed by the 

same psychiatrist with Structured Clinical Interview for DSM-IV Axis 

I Disorders (SCID-I), and individuals with psychiatric diagnoses were 

excluded from the study. Of the patient group, 29 individuals were ex-

cluded based on exclusion criteria, 12 for refusing to participate in the 

study and 9 for providing incomplete information for the scales. On the 

other hand, 26 individuals from the control group were excluded based 

on exclusion criteria, 4 individuals refused to participate in the study 

and 10 individuals provided incomplete information for the scales. Thus 

83 female patients comprised the iron deficiency anemia group and the 

control group included 70 healthy women. 

Procedure

Sociodemographic and laboratory details of the patients were recorded, 

and all participants were assessed using the Wender-Utah Rating Scale 

(WURS). Participants having WURS scores 36 and above (19 from the 

anemia group and 9 from the control group) were further assessed 

using the Adult ADD/ADHD Evaluation Scale and interviewed accord-

ing to DSM-V criteria by the same psychiatrist. The study has been ap-

proved by the School of Medicine Clinical Research Ethics Board of our 

university and written consents of all participants have been obtained.

Measures

Sociodemographic Data Form: This questionnaire has been de-

veloped by the researchers to determine the participants’ sociodemo-

graphic characteristics for the purposes of this study.

Wender-Utah Rating Scale (WURS): It aims to assess the exis-

tence and severity of childhood ADHD symptoms and findings in adults, 

and originally contained 61 items. It was later reduced to the present 

version with 25 items su�cient to distinguish ADHD patients from the 

controls (31). It is a 5-point likert self-report scale with items ranging 

from 0 to 4 points. The scale has been translated into Turkish with 

demonstrated validity and reliability. Cut-o� score was set for 36 (32).

Adult ADD/ADHD Evaluation Scale (Turgay 1995): Turgay’s 

scale (33) is a 5-point likert self-report scale consisting of three sec-

tions. Section One contains nine questions formulated according to the 

DSM-IV diagnosis criteria, assessing the attention deficit. Section Two 

also relies on the DSM-IV criteria and includes nine questions that eval-

uate hyperactivity and impulsivity. Section Three consists of thirty items 

examining the characteristics that may be associated with the ADHD 

and other emotional and behavioral symptoms. At least six out of nine 

questions in both Section One and Two must be scored two or three 

for diagnosis. Section Three total score refers to the characteristics as-

sociated with ADD/ADHD. This scale is recommended for treatment 

and research as it is useful in distinguishing adult ADHD in the society 

at large and di�erent clinical situations and o�ers high levels of validity, 

reliability and test-retest consistency (34).

Structured Clinical Interview for DSM-IV Axis I Disorders 

(SCID-I): This is a semi-structured interview schedule drafted to as-

sess Axis I psychiatric disorder diagnoses in DSM-IV (35). 

Statistical Analysis

Statistical analyses were conducted using Statistical Package for Social 

Sciences (SPSS Inc.; Chicago, IL, USA) 15.0 software package. Variables 

were assessed for normal distribution using Kolmogorov-Smirnov test; 

normally distributed continuous variables were compared by t-test and 

others by Mann-Whitney U test. Chi-Square test was used for com-

paring categorical data. Relations among parametric numerical variables 

were analyzed with Pearson correlation test, and Spearman correlation 

test was used for analyzing non-parametric numerical variables. P<0.05 

indicated statistical significance throughout the analyses.

RESULTS

Individuals included in the study had a mean age of 23.42±6.20 and all 

participants were female. No statistically significant di�erence was ob-

served between the groups in terms of age and educational background 

(p=0.310 and p=0.860, respectively). The demographical and clinical 

characteristics of the iron deficiency anemia and control groups were 
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shown in Table 1. Iron deficiency anemia group displayed significantly 

higher WURS scores compared to the control group (p=0.002). 22.9% 

of the iron deficiency anemia patients (n=19) and 12.9% of the controls 

(n=9) had WURS scores 36 and above. When individuals with WURS 

scores 36 and above are assessed according to the Adult ADD/ADHD 

Evaluation Scale and diagnostic interview based on DSM-V criteria, 15 

(18.1%) patients with iron deficiency anemia and 2 (2.9%) individuals 

from the control group were diagnosed with ADHD. The di�erence was 

found statistically significant (χ2=9.79, p=0.007) (Table 2). 7 (46.6%) out 

of 15 patients with adult ADHD from the iron deficiency group were 

diagnosed with “predominantly inattentive type”, 4 with “predominantly 

hyperactivity and impulsivity type” and 4 with “combined type”. In the 

control group, 1 (50%) out of 2 patients with ADHD had “predomi-

nantly inattentive type” while 1 (50%) had “combined type”. In terms 

of their Adult-ADD/ADHD Evaluation Scale scores, the iron deficiency 

group had significantly higher scores than the control group in the scores 

of attention deficit, hyperactivity and characteristics associated with 

ADD/ADHD (p<0.05) (Table 3). As to the correlations between adult-

ADHD scales and laboratory findings, there were negative significant 

correlations between WURS score and serum iron and ferritin level 

(r=-0.166, p<0.05, r=-0.255, p<0.01, respectively), and a positive sig-

nificant correlation with serum iron binding capacity (r=0.255, p<0.01). 

Moreover, a negative significant correlation was detected between se-

rum iron level and ADD/ADHD scale hyperactivity score (r=-0.390, 

p<0.05). Table 4 shows the correlations between adult-ADHD scales 

and laboratory findings.

DISCUSSION

Out study investigated the adult-ADHD diagnosis among patients with 

iron deficiency anemia, examined its relations with clinical characteristics 

and compared them to the results of the women without iron defi-

ciency anemia based on the hypothesis that adult-ADHD diagnosis and 

symptoms could be more prevalent among patients with iron deficiency 
anemia. Results have shown that adult-ADHD is more prevalent among 
the women with iron deficiency anemia compared to the healthy wom-
en, the former had higher adult-ADHD evaluation scores, and there 
were significant correlations between the laboratory findings of iron de-
ficiency anemia and adult-ADHD evaluation scores. Our findings appear 
to confirm the hypothesis. To our knowledge, this represents the first 
study to investigate adult-ADHD symptoms, diagnosis and associated 
clinical characteristics in patients with iron deficiency anemia. 

The studies conducted on adult-ADHD prevalence report it to fall 
within the interval of 1-6% (3,36). A Turkish study has found the prev-
alence of adult-ADHD to be 15.9% among the patients who referred 
to a general psychiatric policlinic for the first time (37). Another study 
demonstrates adult-ADHD to be an important risk factor for lifelong 
psychiatric comorbidity (38). The exclusion of individuals with psychi-
atric comorbidities based on structured clinical interviews might be the 
reason for why the prevalence was found lower than it actually was in 
both iron deficiency anemia and control groups. In our study, 18.1% of 
the patients with iron deficiency anemia and 2.9% of healthy individu-
als were diagnosed with adult-ADHD. Such a high prevalence as 18.1% 
among the patients with iron deficiency anemia, which has not been 
reported before, indicates the importance of evaluating these individu-
als with respect to the adult-ADHD that may a�ect family relations, ac-
ademic and business lives of these individuals. Furthermore, the ADHD 
prevalence among healthy controls were found to be in line with those 
reported before (4,36). 

The predominant attention deficit type was the most commonly ob-
served type of ADHD among the patients with adult-ADHD and iron 
deficiency anemia in our study. Clinical studies report the combined 
and predominantly inattentive ADHD types to be the most prevalent 
(39). In our country, of the two studies investigating ADHD among the 
patients referring to adult psychiatric clinics, one found predominant at-
tention deficit type (37) to be more prevalent and the other reported 
combined type to be more frequently observed (6). Although our study 
features a limited number of patients with adult-ADHD in terms of 
the distribution of ADHD sub-types, the most prevalent ADHD types 
found in our study were the predominantly inattention and combined 
types, in line with the literature. 

Iron, an essential trace element, plays a significant role for dopamine 
which is considered important for the ADHD’s pathophysiology (28). 
Dopaminergic neurons and iron are found in the same cerebral regions 
(40). Iron was demonstrated to be found in high amounts in striatum, 
which plays a role in motor functions and behaviors (41,42) Since iron 
is a cofactor of tyrosine hydroxilase that is active in the dopamine syn-
thesis, iron deficiency results in degraded dopamine synthesis and al-
tered dopamine activity as well as receptor density. Moreover, iron is 
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Table 1. The demographical and clinical characteristics of the iron 
deficiency anemia and control groups (Mean ± SD)

 Iron deficiency  Control 
 anemia (n=83) (n=70) p

Age 23.97 ± 6.60 22.77 ± 5.67 0.31

Education (year) 11.06 ± 2.79 10.97 ± 2.83 0.86

Hb 10.96 ± 1.03 13.56 ± 1.01 <0.001

Fe 31.16 ± 18.64 87.88 ± 43.46 <0.001

Ferritin 7.28 ± 3.23 33.29 ± 19.96 <0.001

Serum iron binding  
capacity 375.51 ± 50.72 269.64 ± 62.02 <0.001

WURS score 26.92 ± 15.15 20.62 ± 13.16 0.002

SD: Standart deviation; Hb: Hemoglobin; Fe: Iron; WURS: Wender-Utah Rating Scale

Table 2. The comparison between the groups according to adult ADHD diagnoses based on Wender-Utah Rating Scale cut-off score and clinical 
interview

  Iron deficiency anemia (n=83) Control (n=70) Total (n=153) p

WURS score <36, n (%)  64 (77.1) 61 (87.1) 125 (81.7) 

WURS score ≥36, n (%)
 Patients with clinical diagnoses n (%) 15 (18.1) 2 (2.9) 17 (11.1) 0.007

 Patients without clinical diagnoses n (%) 4 (4.8) 7 (10.0) 11 (7.2) 

ADHD: attention deficit/hyperactivity disorder; WURS: Wender-Utah Rating Scale
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reported to be related with monoamine oxydase, which plays a role in 

dopamine catabolism (40,43). Furthermore, the variation of dopamine 

transporter gene is demonstrated to cause a genetic susceptibility to the 

ADHD (44). Reduced iron a�ects the function of iron-bound enzymes, 

degrading the synthesis and metabolism of dopamine, noradrenaline 

and serotonin (41,45). In our study, WURS and adult-ADHD Evaluation 

Scale (overall and subscales) scores used for measuring assessing the 

symptoms and findings of adult-ADHD were found significantly higher 

among the patients with iron deficiency anemia than the healthy indi-

viduals within the control group. This result demonstrates that patients 

with iron deficiency anemia had more severe adult-ADHD symptoms 

and is similar to those reported by studies revealing the relationship 

between iron deficiency and ADHD. 

The studies investigating the relationship between ADHD and iron de-

ficiency were conducted commonly on children with ADHD, and these 

studies reported contradictory results. The majority of studies employ 

ferritin as an indicator of iron deficiency. Ferritin is considered a reliable 

indicator of body iron stores. Some studies examining the relationship 

between serum ferritin levels and severity of ADHD symptoms have 

found a significant correlation (17,27,46,47,48,49,50) while others do 

not report such a relationship (15,43,51,52). As to the studies including 

control groups, two studies found significantly reduced ferritin levels in 

the ADHD group compared to the controls (27,51) while two others 

revealed no di�erence (43,52). Lahat et al. have demonstrated that re-

duced iron stores and iron levels play an important role in the ADHD’s 

pathophysiology (13). Cortese et al. have reported that children with 

ADHD have significantly lower amounts of iron in right and left thalamus 

compared to the control group in their study examining iron levels in the 

putamen, globus pallidus, caudate nucleus and thalamus using magnetic 

resonance imaging (MRI) (15). In addition, there are studies showing 

the positive e�ects of iron treatments on attention and cognitive func-

tions (53,54). That the WURS scores, used for assessing the severity of 

ADHD symptoms in our study, were found to be in significant negative 

correlation with serum iron and ferritin levels and in significant posi-

tive correlation with serum iron binding capacity supports other stud-

ies demonstrating the relationship between ADHD and iron deficiency. 

Moreover, the significant negative correlation between the hyperactivity 

score adult-ADHD Evaluation Scale and serum iron level can be seen 

as another finding that confirms our conclusion. The reason for the ab-

sence of a significant correlation with the scores in other sections of the 

Adult-ADD/ADHD Evaluation Scale might be that this scale was applied 

to the individuals scoring higher than WURS cuto� score only. 

The strengths of our study can be listed as follows: participants with-

out regular medication, inclusion of recently diagnosed patients with 

iron deficiency anemia, absence of physical comorbidities, similarities 

between groups in terms of age and educational background, absence 

of gender-related influences over the results since the population con-

sisted of women only, exclusion of individuals with psychiatric comor-

bidities based on structured interviews, and diagnostic interviews con-

ducted with individuals scoring higher than WURS cuto� score. The 

limitations of our study include the following: the study was designed 

as a cross-sectional one carried out with a limited sample in a single 

center, the prevalence was investigated for the female individuals only, 

and no information was received from the families or relatives of indi-

viduals as the patients were diagnosed with the ADHD. Despite such 

limitations, we consider our study to have contributed to the literature 

in researching adult-ADHD among patients with iron deficiency anemia 

for the first time. 

The results of our study reveal that adult-ADHD diagnosis and symp-

toms are not rare among the patients with iron deficiency anemia. Given 

that symptoms of iron deficiency anemia include attention problems, 

presence of adult-ADHD diagnosis gains more significance. Early diag-

nosis and treatment of adult-ADHD could o�er very positive benefits 

for patients with iron deficiency anemia.
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Table 3. The comparison between the scores of Adult-ADD/ADHD 
Evaluation Scale of participants having WURS scores 36 and above in groups

 Iron deficiency  Control 
 anemia (n=19) (n=9) p

Adult-ADD/ADHD  
Evaluation Scale first section  
(Attention deficit) score 12.42 ± 6.00 8.00 ± 3.84 0.02

Adult-ADD/ADHD  
Evaluation Scale second  
section (hyperactivity) score 10.84 ± 5.83 6.00 ± 3.46 0.01

Adult-ADD/ADHD  
Evaluation Scale third section  
(The characteristics associated  
with ADD/ADHD) score 28.15 ± 18.95 16.88 ± 8.80 0.04

Adult-ADD/ADHD  
Evaluation Scale total score 52.52 ± 28.97 30.88 ± 13.86 0.02

WURS: Wender-Utah Rating Scale 

Table 4. The correlations between adult ADHD scales and laboratory findings 

     Serum iron  
 Age Hb Fe Ferritin binding capacity

WURS score  -0.007 -0.121 -0.166* -0.255** 0.255**

Adult-ADD/ADHD Evaluation Scale first section (Attention deficit) score 0.096 -0.346 -0.057 -0.337 0.346

Adult-ADD/ADHD Evaluation Scale second section (hyperactivity) score 0.160 -0.293 -0.390* -0.352 0.356

Adult-ADD/ADHD Evaluation Scale third section  
(The characteristics associated with ADD/ADHD) score 0.020 -0.124 -0.048 -0.250 0.314

Adult-ADD/ADHD Evaluation Scale total score 0.037 -0.252 -0.150 -0.329 0.353

ADHD: Attention deficit/hyperactivity disorder; WURS: Wender-Utah Rating Scale; Hb: Hemoglobin; Fe: Iron  
*p<0.05
**p<0.01

75



Ethics Committee Approval: Ethics committee approval was received for this 
study from the ethics committee of local ethics committee.

Informed Consent: Written informed consent was obtained from patients who 
participated in this study.  

Peer-review: Externally peer-reviewed.

Author Contributions: Concept - K.D., F.Y.B.; Design - K.D., F.Y.B., B.A., A.A.; 
Supervision - K.D., F.Y.B., A.A.; Resource - K.D., F.Y.B.; Materials - K.D., F.Y.B.; Data 
Collection and/or Processing - K.D., F.Y.B., B.A., Z.S., A.D.; Analysis and/or Interpre-
tation - K.D., F.Y.B.; Literature Search - K.D.; Writing - K.D.; Critical Reviews - A.A., 
A.D.

Conflict of Interest: No conflict of interest was declared by the authors.

Financial Disclosure: The authors declared that this study has received no fi-
nancial support.

REFERENCES
1. American Academy of Pediatrics, Committee on Quality Improvement, Su-

bcommittee on Attention-Deficit/Hyperactivity Disorder. Clinical practice 
guideline: diagnosis and evaluation of the child with attention-deficit/ hypera-
ctivity disorder. Pediatrics 2000; 105:1158-1170. [CrossRef]

2. Biederman J. Attention-deficit/hyperactivity disorder: a selective overview. 
Biol Psychiatry 2005; 57:1215-1220. [CrossRef]

3. Wender P, Wolf L, Wassertein J. Adult attention deficit disorder: Brain mec-
hanism and life outcomes. Wasserstein J, Wolf L, LeFever FF, editörler. Adults 
with ADHD: An overview içinde. New York: Academy of Science Annals; 
2001; s. 1-16.

4. Simon V, Czobor P, Balint S, Mészáros A, Bitter I. Prevalence and correlates 
of adult attention-deficit hyperactivity disorder: meta-analysis. Br J Psychiatry 
2009; 194:204-211. [CrossRef]

5. Polanczyk G, Jensen P. Epidemiologic considerations in attention deficit hype-
ractivity disorder: a review and update. Child Adolesc Psychiatr Clin N Am 
2008; 17:245-260. [CrossRef]

6. Özdemiroğlu Alyanak F, Yargıç İ, Oflaz S. Prevalence of ADHD in Adult Psyc-
hiatric Outpatient Clinic and Comorbid Psychiatric Disorders in ADHD. Arch 
Neuropsychiatr 2011; 48:119-124. 

7. Taner E, İlhan MN, Taner Y, Bekar EE, Şenlik ZB. Tıp fakültesi altıncı sınıf öğren-
cilerinde DEHB yaygınlığı ve eğitim hayatı üzerine etkileri. FÜ Sağlık Bil Derg 
2007; 21:59-62.

8. Doğan S, Öncü B, Varol-Saraçoğlu G, Küçükgöncü S. Üniversite öğrencilerinde 
dikkat eksikliği hiperaktivite bozukluğu belirti sıklığı ve belirti düzeyi ile ilişkili 
gelişimsel, akademik ve psikolojik etmenler. Türkiye Psikiyatri Dergisi 2008; 
10:109-115.

9. Kılıçoğlu A, Çalık E, Kurt İ, Karadağ F, Çelik N, Yeter K, N Değirmen, S Öztürk, 
N Ülkgün. Üniversite öğrencilerinde kendilerinin bildirdikleri dikkat eksikliği hi-
peraktivite bozukluğu belirtilerinin değerlendirilmesi. Anadolu Psikiyatri Derg 
2009; 10:88-93.

10. Biederman J, Faraone SV, Spencer TJ, Mick E, Monuteaux MC, Aleardi M. 
Functional impairments in adults with self-reports of diagnosed ADHD: 
a controlled study of 1001 adults in the community. J Clin Psychiatry 2006; 
67:524-540. [CrossRef]

11. Spencer TJ, Biederman J, Mick E. Attention-deficit/hyperactivity disorder: 
diagnosis, lifespan, comorbidities, and neurobiology. J Pediatr Psychol 2007; 
32:631-642. [CrossRef]

12. Sobanski E, Brüggemann D, Alm B, Kern S, Philipsen A, Schmalzried H, Hess-
linger B, Waschkowski H, Rietschel M. Subtype di�erences in adults with 
attention- deficit/hyperactivity disorder (ADHD) with regard to ADHD-sy-
mptoms, psychiatric comorbidity and psychosocial adjustment. Eur Psychiatry 
2008; 23:142-149. [CrossRef]

13. Lahat E, Heyman E, Livne A, Goldman M, Berkovitch M, Zachor D. Iron defi-
ciency in children with attention deficit hyperactivity disorder. Isr Med Assoc J 
2011; 13:530-533. 

14. Swanson JM, Kinsbroune M, Nigg J, Lanphear B, Stefanatos GA, Volkow N, 
Taylor E, Casey BJ, Castellanos FX, Wadhwa PD. Etiologic subtypes of atten-

tion deficit/ hyperactivity disorder: brain imaging, molecular genetic and en-
vironmental factors and the dopamine hypothesis. Neuropsychol Rev 2007; 
17:39-59. [CrossRef]

15. Cortese S, Azoulay R, Castellanos FX, Chalard F, Lecendreux M, Chechin D, 
Delorme R, Sebag G, Sbarbati A, Mouren MC, Bernardina BD, Konofal E. 
Brain iron levels in attention-deficit/hyperactivity disorder: a pilot MRI study. 
World J Biol Psychiatry 2012; 13:223-231. [CrossRef]

16. Youdim MB, Yehuda S. The neurochemical basis of cognitive deficits induced 
by brain iron deficiency: involvement of dopamine-opiate system. Cell Mol 
Biol 2000; 46:491-500. 

17. Oner O, Alkar OY, Oner P. Relation of ferritin levels with symptom ratings 
and cognitive performance in children with attention deficit-hyperactivity di-
sorder. Pediatr Int 2008; 50:40-44. [CrossRef]

18. Kieling C, Goncalves RR, Tannock R, Castellanos FX. Neurobiology of atten-
tion deficit hyperactivity disorder. Child Adolesc Psychiatr Clin N Am 2008; 
17:285-307. [CrossRef]

19. Lozo� B, Beard J, Connor J, Barbara F, Georgie� M, Schallert T. Long-lasting 
neural and behavioral e�ects of iron deficiency in infancy. Nutr Rev 2006; 
64:34-43. [CrossRef]

20. Cortese S, Konofal E, Lecendreux M, Arnulf I, Mouren MC, Darra F, Dalla Ber-
nardina B. Restless legs syndrome and attention-deficit/hyperactivity disorder: 
a review of the literature. Sleep 2005; 28:1007-1013. [CrossRef]

21. Andrews NC. Disorders of iron metabolism. N Engl J Med 1999; 341:1986-
1995. [CrossRef]

22. Perçinel İ, Yazıcı KU. Iron deficiency in the pathophysiology of attention deficit 
hyperactivity disorder. Current Approaches in Psychiatry 2015; 7:41-55.

23. Georgie� MK. Long-term brain and behavioral consequences of early iron 
deficiency. Nutr Rev 2011; 69:43-48. [CrossRef]

24. Oades RD, Taghzouti K, Rivet JM, Simon H, Le Moal M. Locomotor activity in 
relation to dopamine and noradrenaline in the nucleus accumbens, septal and 
frontal areas: A 6- hydroxydopamine study. Neuropsychobiology 1986; 16:37-
42. [CrossRef]

25. Russell V, de Villiers A, Sagvolden T, Lamm M, Taljaard J. Altered dopaminergic 
function in the prefrontal cortex, nucleus accumbens and caudate-putamen 
of an animal model of attention-deficit hyperactivity disorder: The spontane-
ously hypertensive rat. Brain Res 1995; 676:343-351. [CrossRef]

26. Sagvolden T. Behavioral validation of the spontaneously hypertensive rat 
(SHR) as an animal model of attention-deficit/hyperactivity disorder (AD/
HD). Neurosci Biobehav Rev 2000; 24:31-39. [CrossRef]

27. 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. [CrossRef]

28. Cortese S, Lecendreux M, Bernardina BD, Mouren MC, Sbarbati A, Konofal 
E. Attention-deficit/hyperactivity disorder, Tourette’s syndrome, and restless 
legs syndrome: the iron hypothesis. Med Hypotheses 2008; 70:1128-1132. 
[CrossRef]

29. Cortese S, Angriman M, Lecendreux M, Konofal E. Iron and attention deficit/
hyperactivity disorder: What is the empirical evidence so far? A systematic 
review of the literature. Expert Rev Neurother 2012; 12:1227-1240. [Cross-
Ref]

30. Çoban E, Timurağaoğlu A. Yaşlı hastalarda demir eksikliği anemisine yaklaşım. 
T Klin J Med Sci 2004; 24:267-270. 

31. Ward MF, Wender PH, Reimherr FW. The Wender Utah Rating Scale: An Aid 
in the Retrospective Diagnosis of Childhood Attention-Deficit Hyperactivity 
Disorder. Am J Psychiatry 1993; 150:885-890. 

32. Öncü B, Ölmez Ş, Şentürk V. Wender-Utah Derecelendirme Ölçeği’nin Türk-
çe formunun erişkin Dikkat Eksikliği Hiperaktivite Bozukluğu’nda geçerlik ve 
güvenirlik çalışması. Turk Psikiyatri Derg 2005; 16:252-259. 

33. Turgay A. Adult Hyperactivity Assessment Scale based on DSM IV (unpublis-
hed scale). Integrative Therapy Institute Toronto, Canada; 1995.

34. Günay Ş, Savran C, Aksoy UM, Maner F, Turgay A, Yargıç İ. Erişkin Dikkat 
Eksikliği ve Hiperaktivite Ölçeğinin (Adult ADD/ADHD DSM IV-Based Diag-
nostic Screening and Rating Scale) dilsel eşdeğerlilik, geçerlilik güvenilirlik ve 
norm çalışması. Türkiye’de Psikiyatri 2006; 8:98-107.

35. Özkürkçügil A, Aydemir Ö, Yıldız M. DSM-IV Eksen I Bozuklukları için Yapılan-
dırılmış Klinik Görüşmenin Türkçeye Uyarlanması ve Güvenilirlik Çalışması. İlaç 
ve Tedavi Dergisi 1999; 12:233-236.

Demirci et al. Adult-ADHD in Patients with Iron Deficiency Anemia Arch Neuropsychiatry 2017; 54: 72-7

76

https://doi.org/10.1542/peds.105.5.1158
https://doi.org/10.1016/j.biopsych.2004.10.020
https://doi.org/10.1192/bjp.bp.107.048827
https://doi.org/10.1016/j.chc.2007.11.006
https://doi.org/10.4088/JCP.v67n0403
https://doi.org/10.1093/jpepsy/jsm005
https://doi.org/10.1016/j.eurpsy.2007.09.007
https://doi.org/10.1007/s11065-007-9019-9
https://doi.org/10.3109/15622975.2011.570376
https://doi.org/10.1111/j.1442-200X.2007.02496.x
https://doi.org/10.1016/j.chc.2007.11.012
https://doi.org/10.1301/nr.2006.may.S34-S43
https://doi.org/10.1093/sleep/28.8.1007
https://doi.org/10.1056/NEJM199912233412607
https://doi.org/10.1111/j.1753-4887.2011.00432.x
https://doi.org/10.1159/000118294
https://doi.org/10.1016/0006-8993(95)00135-D
https://doi.org/10.1016/S0149-7634(99)00058-5
https://doi.org/10.1001/archpedi.158.12.1113
https://doi.org/10.1016/j.mehy.2007.10.013
https://doi.org/10.1586/ern.12.116
https://doi.org/10.1586/ern.12.116


36. Kessler RC, Adler L, Barkley R, Biederman J, Conners CK, Demler O, Fara-

one SV, Greenhill LL, Howes MJ, Secnik K, Spencer T, Ustun TB, Walters EE, 

Zaslavsky AM. The prevalence and correlates of adult ADHD in the United 

States: results from the National Comorbidity Survey Replication. Am J Psyc-

hiatry 2006; 163:716-723. [CrossRef]
37. Duran Ş, Fıstıkcı N, Keyvan A, Bilici M, Çalışkan M. ADHD in adult psychiatric 

outpatients: prevalence and comorbidity. Turk Psikiyatri Derg 2014; 25:84-93. 

38. Sevinç E, Şengül C, Çakaloz B, Herken H. Comorbodity in Patients Diagnosed 

with Adult-Attention Deficit Hyperactivity Disorder in Psychiatry Outpatient 

Clinics. Arch Neuropsychiatr 2010; 47:139-143. 

39. Wilens TE, Biederman J, Faraone SV, Martelon M, Westerberg D, Spencer TJ. 

Presenting ADHD symptoms, subtypes, and comorbid disorders in clinically re-

ferred adults with ADHD. J Clin Psychiatry 2009; 70:1557-1562. [CrossRef]
40. Wigglesworth JM, Baum H. Iron dependent enzymes in the brain. Yuodim 

MBH, editör. Brain Iron: Neurochemical and Behavioral Aspects içinde. New 

York: Taylor and Francis; 1998. s. 25-66.

41. Beard J. Iron deficiency alters brain development and functioning. J Nutr 2003; 

133:1468-1472.

42. Kayıran SM, Gürakan B. Çocuklarda demir eksikliğinin motor gelişim ve bilişsel 

fonksiyonlar üzerine etkisi. TAF Preventive Medicine Bulletin 2010; 9:529-534.

43. Menegassi M, Mello ED, Guimaraes LR, Matte BC, Driemeier F, Pedroso GL, 

Rohde LA, Schmitz M. Food intake and serum levels of iron in children and 

adolescents with attention-deficit/hyperactivity disorder. Rev Bras Psiquiatr 

2010; 32:132-138. [CrossRef]
44. Mick E, Faraone SV. Genetics of attention deficit hyperactivity disorder. Child 

and Adolescent Psychiatric Clinics of North America 2008; 17:261-268. 

[CrossRef]
45. Lozo� B, Jimenez E, Smith JB. Double burden of iron deficiency in infancy and 

low socioeconomic status: a longitudinal analysis of cognitive test scores to age 

19 years. Arch Pediatr Adolesc Med 2006; 160:1108-1113. [CrossRef]

46. Calarge C, Farmer C, DiSilvestro R, Arnold LE. Serum ferritin and ampheta-

mine response in youth with attention-deficit/hyperactivity disorder. J Child 

Adolesc Psychopharmacol 2010; 20:495-502. [CrossRef]

47. Cortese S, Konofal E, Bernardina BD, Mouren MC, Lecendreux M. Sleep dis-

turbances and serum ferritin levels in children with attention-deficit/ hyperac-

tivity disorder. Eur Child Adolesc Psychiatry 2009; 18:393-399. [CrossRef]

48. Konofal E, Cortese S, Marchand M, Mouren MC, Arnulf I, Lecendreux M. 

Impact of restless legs syndrome and iron deficiency on attention-deficit/hy-

peractivity disorder in children. Sleep Med 2007; 8:711-715. [CrossRef]

49. Oner O, Oner P, Bozkurt OH, Odabas E, Keser N, Karadag H, Kizilgün M. 

E�ects of zinc and ferritin levels on parent and teacher reported symptom 

scores in attention deficit hyperactivity disorder. Child Psychiatry Hum Dev 

2010; 41:441-447. [CrossRef]

50. Oner P, Oner O. Relationship of ferritin to symptom ratings children with 

attention deficit hyperactivity disorder: e�ect of comorbidity. Child Psychiatry 

Hum Dev 2008; 39:323-330. [CrossRef]

51. Juneja M, Jain R, Singh V, Mallika V. Iron deficiency in Indian children with attenti-

on deficit hyperactivity disorder. Indian Pediatr 2010; 47:955-958. [CrossRef]

52. Donfrancesco R, Parisi P, Vanacore N, Martines F, Sargentini V, Cortese S. Iron 

and ADHD: time to move beyond serum ferritin levels. J Atten Disord 2013; 

17:347-357. [CrossRef]

53. Rezaeian A, Ghayour-Mobarhan M, Mazloum SR, Yavari M, Jafari SA. E�ects 

of iron supplementation twice a week on attention score and haematologic 

measures in female high school students. Singapore Med J 2014; 55:587-592. 

[CrossRef]

54. Jáuregui-Lobera I. Iron deficiency and cognitive functions. Neuropsychiatr Dis 

Treat 2014; 10:2087-2095. [CrossRef]

Arch Neuropsychiatry 2017; 54: 72-7 Demirci et al. Adult-ADHD in Patients with Iron Deficiency Anemia

77

https://doi.org/10.1176/ajp.2006.163.4.716
https://doi.org/10.4088/JCP.08m04785pur
https://doi.org/10.1590/S1516-44462009005000008
https://doi.org/10.1016/j.chc.2007.11.011
https://doi.org/10.1001/archpedi.160.11.1108
https://doi.org/10.1089/cap.2010.0053
https://doi.org/10.1007/s00787-009-0746-8
https://doi.org/10.1016/j.sleep.2007.04.022
https://doi.org/10.1007/s10578-010-0178-1
https://doi.org/10.1007/s10578-007-0095-0
https://doi.org/10.1007/s13312-010-0160-9
https://doi.org/10.1177/1087054711430712
https://doi.org/10.11622/smedj.2014156
https://doi.org/10.2147/NDT.S72491

