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Abstract
Purpose: To examine the association between iron de�ciency anemia (IDA) at age 9-18 months and
attention de�cit/ hyperactivity disorder (ADHD) during childhood.

Methods: This case-control study included all the children insured by Clalit Health Services, aged 9-18
months between June 1, 2004 and December 30, 2013 (aged 6-18 years at data collection) with
documented hemoglobin (Hb) and mean cell volume levels (MCV). The analysis comprised 19,467
children diagnosed with ADHD based on medical documentation of at least two consecutive stimulant
prescriptions. The control group comprised 39,004 children without a record of receiving any
prescriptions for ADHD. IDA was de�ned as Hb<10.5gr/dl and 60�<MCV<75�. Moderate anemia was
de�ned as Hb<10gr/dl. The prevalence of IDA was compared by Pearson Chi-Square test and by logistic
regression, adjusted to age, sex, cultural background and socioeconomic status.

Results: IDA prevalence was 0.6% lower in the ADHD than the control group: n=667 (3.4%) vs. n=1,541
(4.0%) (P=0.002), adjusted OR=0.863 (95%CI: 0.816–0.910). The prevalence of moderate ID anemia
(Hb<10gr/dl) was similar in the ADHD and the control groups (0.9% vs. 1.0%, P=0.149) (adjusted
OR=0.877; 95%CI: 0.725–1.047). Hb at age 9-18 months was clinically similar in the ADHD and control
groups (11.965±0.880 and 11.921±0.889 gr/dl, respectively); however, this difference was statistically
signi�cant (P<0.001), apparently due to the large sample size. 

Conclusions: IDA in infants 9-18 months old was not found to be associated with an increased risk of
ADHD during childhood. Other etiological factors for ADHD, such as genetics and environmental factors
should be further studied.

What Is Known
Iron de�ciency is the most common dietary de�cit in the world. 

During childhood, iron de�ciency with or without anemia has a negative impact on children's
cognition, behavior, and motor performances. 

Low ferritin levels were reported as a common symptom among children with ADHD. 

What is New 

Analyses using the Clalit Health Services database (Israel's largest health service provider), that used
univariant and multivariant logistic regression, adjusted to age, sex, cultural background, and
socioeconomic status, did not �nd an association between IDA at age 9–18-months and ADHD
during childhood. 

Introduction
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Attention de�cit hyperactivity disorder (ADHD) is a brain, neurodevelopmental disorder characterized by a
persistent and inappropriate pattern of inattention, and hyperactivity or impulsivity, which interfere with
function or development [1, 2, 3]. ADHD is one of the most common neurodevelopmental disorders
diagnosed in Israel and around the world. Global estimates of ADHD among children under age 18 years
range from 8 to 12%; the prevalence is higher among boys [4, 5]. Children and adolescents with ADHD
have di�culties in school, while studying, and in interpersonal relationships. These lead to social,
developmental, and educational setbacks, and substantial �nancial burden on the education and health
systems. ADHD is a lifelong risk factor for comorbidities, such as psychiatric diseases including
depression, anxiety, and behavioral disorders, and also accidents, social impairment, and obesity [2, 6].
Although the pathogenesis of ADHD is still unknown, the current view is that it is caused by a complex
web of interactions impacted by genetic, environmental, and social variables [7].

Iron is a critical component in a wide range of biological functions, particularly in early life. Although iron
has an important role in brain development, the mechanisms by which it functions and the extent of its
involvement in physiological mechanisms in the brain are yet unknown. Iron de�ciency (ID) is the most
common dietary de�cit in the world, according to the World Health Organization [8]. In addition, ID is the
most common cause for anemia worldwide. The US National Health and Nutrition Examination Survey of
2007–2010 reported anemia among 5.4% of children aged 1–2 years, and IDA among 2.7% [9–11]. In
Israel, the rate of anemia in infants was estimated as 15.5% in 2003 and declined to 3.4% in 2014 [13].
During childhood, especially in infancy, ID with or without anemia has a negative impact on children's
cognition, behavior, and motor connections [14]. Even in the absence of anemia, mild to moderate ID has
been shown to have detrimental functional consequences for the cognitive performance, behavior, and
physical growth of newborns, children, and adolescents.

A meta-analysis that included 17 observational studies found that ferritin levels were lower in children
with ADHD than in a healthy control group [15]. In addition, a sub-analysis based on seven studies
showed that the severity of ADHD was considerably higher in children with than without ID. Although the
�ndings of that meta-analysis do not indicate a causal relationship, low ferritin levels were reported as a
common symptom among children diagnosed with ADHD [16]. A number of small interventional studies
suggest that iron supplementation may improve ADHD symptoms in children with ID [17, 18]. More high-
quality studies are needed to validate the effects of iron supplementation on ADHD symptoms in children
and adolescents.

In this study, we aimed to examine the association between IDA at age 9–18 months and the diagnosis
of ADHD later in life. Our hypothesis was that a higher proportion of children diagnosed with ADHD had
IDA at age 9–18 months than did children not diagnosed with ADHD.

Materials And Methods
We conducted a case-control study utilizing the database of Clalit Health Services (CHS), Israel's largest
health service provider, insuring about 5 million people (over 50% of the Israeli population) under the
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National Health Insurance Law. CHS provides nationwide primary and secondary community services
and hospitalization, medical supplies, and approved medications. The study was approved by CHS
institutional review board. The database did not include any patient identi�ers. Subject consent was
waived due to the retrospective design, based on data from the medical records.

The study population included all the children insured by CHS, aged 9–18 months between June 16, 2004
and December 30, 2013 (aged 6–18 years at data collection) with documented hemoglobin (Hb) and
mean cell volume (MCV) levels. The study group included those diagnosed with ADHD or attention de�cit
disorder based on the medical documentation of at least two consecutive stimulant prescriptions
(methylphenidate, dexmethylphenidate, amphetamine, dexamphetamine, lisdexamfetamine), as has been
de�ned in other studies [19, 20]. A control group of healthy individuals without any stimulant
prescriptions on record was matched in a ratio of 1–3:1, by age (maximal difference ± 6 months), sex,
and cultural background (Arabs, Orthodox Jews, secular-traditional Jews). All those included in the ADHD
and study groups were born at term (≥ 37 gestational weeks). Exclusion criteria were diagnoses of
anemia-related diseases (thalassemia, spherocytosis, G6PD de�ciency, sickle-cell disease), a malignant
disease or a known hematology, an organ transplantation, chronic kidney disease, and other chronic
diseases.

The primary independent variable was IDA diagnosis at age 9–18 months (Hb < 10.5gr/dl, 60� < MCV < 
75�) [21]. Moderate IDA anemia was de�ned as (Hb < 10.5 gr/d, 60� < MCV < 75�). Potential confounders
included sex (male or female), cultural background (Arab, orthodox Jew, and secular-traditional Jew) and
residential socioeconomic status, as de�ned according to the Israeli Central Bureau of Statistics, and
categorized as low, moderate, or high [22].

Statistical analysis
The sample size was calculated according to the assumption that the IDA rate in the general Israeli 9–18-
month toddler population is 7% [23, 24], and 20% higher (8.4%) in the ADHD group. For a 5% signi�cance
level, an 80% power and a ratio of 1:2 (ADHD: control), a total of 12,981 individuals, 4,327 in the ADHD
group and 8,654 in the control group, are required.

The statistical analysis was performed using SPSS version 26 (IBM Corp 2020). Sociodemographic
parameters and outcome parameters were compared between the ADHD and the control groups using
Pearson's chi-squared tests for categorical variables and Mann Whitney U tests for continuous variables
(all had a skewed distribution). Logistic regression analysis was performed to evaluate the association
between IDA at 9–18 months and ADHD, adjusted to potential confounders (sex, age, cultural
background, and socioeconomic status).

IDA rates at ages 9–18 months, compared between the ADHD and the control groups, using Pearson chi
square test, were also strati�ed by gender, socioeconomic status, and cultural background.
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Due to the large sample size (about 4.5 times larger than the calculated sample size), a sensitivity
analysis was performed to further examine the signi�cance of the results attained for the entire cohort.
The cohort was divided into four case-control matched random samples (such that the sample size of
each of the four samples corresponds to the sample size calculated for a power of 80% and a
signi�cance level of 5%, in a ratio of 1:2). The ADHD and the control groups were compared according to
each of these four random samples separately, using chi-squared and logistic regression to adjust for
potential confounders.

Results
A total of 20,258 children in the ADHD group and 39,958 in the control group (age, sex, and cultural
background matched) ful�lled the study inclusion and exclusion criteria. From the ADHD group, 791
children were excluded due to platelet levels lower than 150/mm3. From the control group, 954 children
were excluded: three due to Hb levels lower than 1gr/dl, and 951 due to platelet levels lower than
150/mm3. A total of 19,467 in the ADHD group and 39,004 in the control group were included in the
analysis (Fig. 1).

Sociodemographic characteristics of the ADHD group (n = 19,467) and the matched control group (n = 
39,004) are presented in Table 1. For both groups, the median age was 8 years, the majority, 67.6%, were
males, and the majority, 84%, were secular or traditional Jews. The magnitude of differences between the
groups in the distribution of socioeconomic status categories was small. However, the between-group
difference was statistically signi�cant (P < 0.001), apparently due to the large sample size. 
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Table 1
Sociodemographic characteristics of the ADHD and the control groups

  ADHD Group

n = 19,467

Control Group

n = 39,004

P

Sex

n (%)

Male 13,169
(67.6%)

26,356
(67.6%)

0.862

Female 6,298 (32.4%) 12,648
(32.4%)

Cultural background

n (%)

Arab 1,520 (7.8%) 3,057 (7.8%) 0.831

Orthodox

Jewish

1,631 (8.4%) 3,323 (8.5%)

Secular and Traditional
Jewish

16,316
(83.8%)

32,621
(83.6%)

Socioeconomic
Status

n (%)

Low 5,923 (30.6%) 12,091
(31.2%)

< 
0.001

Medium 9,142 (47.2%) 17,647
(45.5%)

High 4,296 (22.2%) 9,005 (23.2%)

Age,

Median (IQR)

8 (7, 9) 8 (7, 9) 0.905

P values represent Pearson Chi-Square test for categorial variables or Mann Whitney U Test for
numerical variables with a skewed distribution.

ADHD, attention de�cit hyperactivity disorder; IQR, interquartile range

The difference, 0.6%, in IDA rates between the ADHD and control groups (3.4% and 4.0%, respectively)
was small in magnitude; yet statistically signi�cant (P = 0.002), apparently due to the large sample size.
The difference remained statistically signi�cant after controlling for potential confounders (age, sex,
cultural background, and socioeconomic status) OR = 0.865 95%CI: 0.816–0.910 (P = 0.005) (Table 2).
The rate of moderate ID anemia (60� < MCV < 75�, Hb ≤ 10/dl) was similar in the ADHD group (0.9%) and
the control group (1.0%) OR = 0.877 95%CI: 0.725–1.047 (P = 0.149) (Table 2). The mean Hb levels at age
9–18 months were similar in magnitude in the ADHD and control groups (11.965 ± 0.880 and 11.921 ± 
0.889 gr/dl, respectively); however, this difference was statistically signi�cant (P < 0.001), apparently due
to the large sample size. No between-group differences were found in MCV and in mean cell hemoglobin
(MCH) levels at age 9–18 months. 
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Table 2
IDA rate, hemoglobin, MCV, MCH levels at age 9–18 months in the ADHD and the control groups

  ADHD
Group

n = 19,467

Control
Group

n = 39,004

Crude
P

OR

(95% CI)

Adjusted
P

IDA rate

n (%)

667
(3.4%)

1,541(4.0%) 0.002 0.865
(0.788–
0.949)

0.005

Moderate anemia with ID rate

n (%)

178
(0.9%)

406 (1.0%) 0.160 0.877
(0.735–
1.047)

0.149

Blood count indices at age
8–19 months,

Median (IQR)

Mean ± SD

Hb

(gr/dl)

11.9
(11.4,
12.5)

11.965 ± 
0.880

11.9

(11.3, 12.5)

11.921 ± 
0.890

< 
0.001

   

MCV

(gr/dl)

76.6
(73.7,
79.5)

76.721 ± 
3.773

76.6

(73.8, 79.4)

76.706 ± 
3.768

0.691  

MCH

(gr/dl)

25.9
(24.9,
26.9)

25.900 ± 
1.468

25.9

(24.9, 26.9)

25.920 ± 
1.489

0.144

Crude P values represent Pearson Chi-Square test for categorial variables or Mann Whitney U Test for
numerical variables with a skewed distribution.

Adjusted P values represent logistic regression analysis for the association between IDA at 9–18
months and ADHD, adjusted to potential confounders (sex, age, cultural background and socio-
economic status).

ADHD, attention de�cit hyperactivity disorder; OR, odds ratio; Hb, hemoglobin; IDA, iron de�cient
anemia; MCV, mean cell volume; MCH, mean cell hemoglobin; IQR, interquartile range; SD, standard
deviation

Table 3compares between the ADHD and the control group, IDA rates at age 9–18 months, strati�ed by
gender, socioeconomic status, and cultural background. The prevalence of IDA in 9-18-month-old children
was highest among those with low (n = 4.5%) compared to medium (3.4%) or high socioeconomic status
(3.5%) (P < 0.001). IDA prevalence was higher among orthodox Jews (6.1%) (a population characterized
by large numbers of children and relatively low socioeconomic status) than Arabs (4.5%) and secular-
traditional Jews (3.5%) (P < 0.001). Statistically signi�cant differences in IDA rates between the ADHD
and the control groups were found in boys (3.4% vs. 4.1%, P < 0.002) but not in girls, in low
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socioeconomic status (4.0% vs. 4.7%, respectively, P = 0.018) but not in medium and high socioeconomic
status, and in secular-traditional Jews (3.2% vs. 3.6%, respectively, P = 0.006) but not in the other cultural
background groups. 

Table 3
IDA rates at ages 9–18 months in the entire cohort, and in the ADHD and the control groups, strati�ed by

gender, socioeconomic status, and cultural background

      ALL ADHD
Group

Control
Group

P

Gender Male n 39,525 13,169 26,356 0.002

IDA n
(%)

1,497
(3.8%)

452
(3.4%)

1,072
(4.1%)

Female n 18,946 6,298 12,648 0.326

IDA n
(%)

684
(3.6%)

215
(3.4%)

469
(3.7%)

Socio-Economic
Status

Low n 18,014 5,923 12,091 0.018

IDA n
(%)

807
(4.5%)

234
(4.0%)

573
(4.7%)

Medium n 26,789 9,142 17,647 0.217

IDA n
(%)

920
(3.4%)

296
(3.2%)

624
(3.5%)

High n 13,301 4,296 9,005 0.092

IDA n
(%)

465
(3.5%)

133
(3.1%)

332
(3.7%)

Cultural
background

Arab n 4,577 1,520 3,057 0.518

IDA n
(%)

204
(4.5%)

63 (4.1%) 141
(4.6%)

Orthodox Jew n 4,954 1,631 3,323 0.240

IDA n
(%)

300
(6.1%)

89 (5.5%) 211
(6.3%)

Secular and
Traditional Jew

n 48,937 16,316 32,621 0.006

IDA n
(%)

1704
(3.5%)

515
(3.2%)

1,189
(3.6%)

P values represent Pearson Chi-Square test

ADHD, attention de�cit hyperactivity disorder; IDA, iron de�cient anemia
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In a sensitivity analysis, in which the study cohort was divided to four case-control random samples,
statistically signi�cant differences in IDA rates between the ADHD and the control groups were found
only in two of four of the random samples (Table 4). This result was consistent also after controlling for
potential confounders (age, sex, cultural background, and socioeconomic status).

Table-4: A sensitivity analysis performed by dividing the study cohort to four random samples, comparing
IDA rates in ages 9-18 months between the ADHD and the control groups

  ADHD Group Control Group Crude P OR

(95% CI)        

Adjusted P

1 n=14,618 n=4,881 n=9,737 0.031 0.819 (0.679-0.988) 0.037

IDA n (%) 161 (3.3%) 393 (4.0%)

2 n=14,618 n=4,856 n=9,762 0.018 0.801 (0.661-0.971) 0.024

IDA n (%) 152 (3.1%) 383 (3.9%)

3 n=14,620 n=4,877 n=9,743 0.470 0.933 (0.779-1.118) 0.453

IDA n (%) 182 (3.7%) 389 (4.0%)

4 n=14,615 n=4,853 n= 9,762 0.381 0.908 (0.755-1.092) 0.306

IDA n (%) 172 (3.5%) 376 (3.9%)

Crude P values represent Pearson Chi-Square tests.

Adjusted P values represent logistic regression analysis for the association between IDA at 9-18 months
and ADHD, adjusted to potential confounders (sex, age, cultural background and socio-economic status). 

ADHD, attention de�cit hyperactivity disorder; IDA, iron de�cient anemia

Discussion
In the current study, we evaluated the association between IDA at 9–18 months and ADHD during
childhood in a large Israeli cohort (n = 58,471) of healthy children insured by CHS.

Our �ndings showed no association between IDA at age 9–18-months and ADHD development during
childhood, thus rejecting our hypothesis.

The IDA rate in our cohort was 3.8%, which is comparable to the country's IDA rates. According to CHS
data, IDA rates in the general pediatric population in the country between 2005 and 2013 were 5–8%,
while the rate in 2014 was about 3.4% [25]. Our �ndings re�ect a downward trend in the prevalence of IDA
in Israel over time, which is likely due to increased awareness of iron supplementation in babies and IDA
prevention amongst the general population in Israel. The prevalence of IDA in 9-18-month-old children
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was higher among those with low compared to medium or high socioeconomic status. IDA prevalence
was higher among orthodox Jews (a population characterized by large numbers of children and relatively
low socioeconomic status) than among Arabs (who had medium rates of IDA) and secular-traditional
Jews (who had the lowest rates of IDA). These �ndings are consistent with the literature, and indicate
that lower socioeconomic groups have a greater prevalence of anemia [26]. A possible explanation is that
parents from low socioeconomic status are less aware and are less likely to treat IDA. Preventive public
health actions such as parental guidance, medical and social follow-up to support a balanced and iron-
rich diet for mother and baby, and daily treatment with iron drops for infants according to the Ministry of
Health’s protocol, may reduce the prevalence of IDA in these groups and improve public health in Israel.

Iron is a key component in brain development, particularly in infancy, and in brain function and
dopaminergic activity regulation, all of which may be linked to the pathogenesis and symptoms of ADHD
[15, 27, 28]. Animal models showed very clear irreversible abnormalities resulting from ID during
pregnancy and infancy; however, in humans, the effects of ID in the �rst two years of life on cognitive and
mental development in childhood are unclear [29].

Contrary to our hypothesis, we observed that IDA rate in the ADHD group (3.4%) was 0.6% lower than in
the control group (4.0%), a difference that was small in magnitude yet statistically signi�cant, due to the
large sample size. Sensitivity analysis, in which the analysis was repeated in four random case-control
matched samples, each with an adequate sample size to answer the primary outcome, showed higher
rates of IDA, with statistical signi�cance, in the ADHD group than in the control group only in two of four
random samples. Comparing the rates of moderate ID anemia (Hb < 10gr/dl), signi�cant between-group
differences were not found (0.9% in the ADHD group vs. 1.0% in the control group). According to these
results, ID is not a signi�cant factor in the etiology of ADHD. Genetic factors, brain function and structure,
acute or cumulative exposures to environmental toxins, prematurity, low birth weight, epilepsy, in utero
brain damage, and severe head injury during life are among the factors that may be involved in the
development of ADHD [30].

In the strati�ed analyses, signi�cant differences in IDA rates between the ADHD and the control groups
were found only among boys, among children of low socioeconomic status, and among secular-
traditional Jews. All these statistically signi�cant differences in IDA rates were small in magnitude (the
maximal difference in IDA rate was 0.7%). The statistically signi�cant �ndings among boys and among
secular and traditional Jews, but not in the other strati�ed subgroups, may be attributed to the
substantially larger proportion of boys compared to girls, and of secular-traditional Jews compared to the
other cultural background subcategories. However, the signi�cantly lower IDA rates in the ADHD
compared to the control group, among those with low but not higher socioeconomic status, cannot be
attributed only to large sample size. This is because the largest socioeconomic category was medium
socioeconomic status, comprising about 46% of the sample. A plausible explanation for the results is a
larger gap between parents with high compared to low awareness to their children's health in the low
socioeconomic group. Parents with higher awareness are both more compliant with the recommendation
of iron supplementation in babies and more aware of ADHD symptoms. They are more apt to seek
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evaluation and treatment, and hence their offspring may be expected to show a higher rate of diagnosed
/treated ADHD and a lower rate of IDA. In contrast, parents with lower awareness may have less
awareness to the importance of iron supplementation and may also be less aware of ADHD symptoms.
Hence, their offspring may be expected to show lower rates of diagnosed /treated ADHD and higher rates
of IDA. Similar differences in awareness may also help explain the results in the entire study cohort.

To the best of our knowledge, this is the �rst study that evaluated the association between IDA in
childhood and the development of ADHD. This highlights the need for more research on the implications
of IDA in childhood on cognitive and mental development later in life. A main strength of this study is the
high reliability of the data, derived from the database of CHS. The exposure parameters (diagnosis of
IDA) were recorded from a database of medical records, and not based on persons’ memory. Hence, a
memory bias, which is common in case-control studies, was avoided. Furthermore, the de�nition of ADHD
for inclusion in the study group required a diagnosis of ADHD, and receipt of a prescription by a medical
specialist.

There are several methodological limitations to this study. First, the IDA de�nition was based solely on Hb
and MCV values (Hb < 10.5gr/dl, 60� < MCV < 75�). Due to a lack of information in our database, ferritin
and iron values were not considered. However, congenital anemia was ruled out, indicating that the main
reason for anemia was indeed IDA. Second, the timing of IDA is an important factor in neurocognitive
development [31]. In our study, IDA was evaluated at age 9–18 months, and we have no information from
earlier life to determine the initiation of IDA (i.e., mother's diet iron content during pregnancy or whether
the child had signi�cant iron de�ciency from birth to the examination of IDA). A third limitation is the
de�nition of ADHD, which was based on medical prescription. This results in a non-differential
misclassi�cation of the outcome for the two groups. Accordingly, some children who meet the criteria for
ADHD diagnosis may choose not to receive pharmaceutical treatment. Nonetheless, other studies have
classi�ed people as having ADHD according to medical treatment [19, 20, 32].

This study did not �nd an association between IDA at age 9–18 months and ADHD development during
childhood. Further studies are warranted, to examine the effects of ID in the early developmental stages
of the brain (during pregnancy and in the �rst weeks after birth) and other environmental factors, on the
development of ADHD in childhood.

Abbreviations
ADHD (attention de�cit hyperactivity disorder), CHS (Clalit Health Services), ID (iron de�ciency), IDA (iron
de�ciency anemia), MCV (mean cell volume), OR (odds ratio), SD (standard deviation).
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Figure 1

Flow chart of the study population.

Hb, hemoglobin; MCV, mean cell volume; ADHD, attention de�cit hyperactivity disorder.


