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ABSTRACT

Background: Insufficient nutritional supply and deficiency of trace elements and other components
including various minerals have been suggested to play a role in the development of attention deficit
hyperactivity disorder (ADHD) symptoms. Zinc and ferritin in particular were found to be deficient in
patients with ADHD compared with healthy controls, so it was concluded that zinc and ferritin
deficiency might play a role in the etiopathogenesis of ADHD. Aim of work: Compare serum zinc
and ferritin levels between children with ADHD and controls, trying to investigate the association of
serum zinc and ferritin levels with ADHD diagnosis, its symptom domains, and severity. Patients
and Methods: A cross-sectional case control descriptive study conducted on 90 participants of both
sexes with age limit from7to 14 years. The study was divided into two groups (45 participants in each
group): Group A included 45 children with ADHD, recruited from the Child outpatient clinic located
in Kasr Al Ainy Psychiatric and Addiction Hospital, were diagnosed according to Diagnostic and
Statistical Manual of Mental Disorders, Fourth Edition (DSM-IV) criteria, using the Arabic version of
Kiddie Schedule for Affective Disorders and Schizophrenia for School Age Children Present and
Lifetime version (K-SADS-PL). Conner’s Parent Rating Scale —Revised —Long version (CPRS-R-L)
used to assess ADHD symptoms severity. Group B included 45 healthy children as controls, recruited
from healthy children attending with their parents in other clinics of Kasr Al Ainy hospital as well as
children of employees, workers and nurses working in the same hospital. Serum zinc level using
atomic absorption spectroscopy and serum ferritin level using enzyme-linked immunosorbent assay
(ELISA) were measured in all children in both groups. All children and their parents interviewed by
the researcher individually for socioeconomic status scale (SES). Results: There were no significant
differences regarding age, sex, birth order, residence, and socioeconomic level between children with
ADHD and controls. Our results point to serum zinc levels, there were no significant differences
between both groups regarding serum zinc levels. However; 24.4% of children with ADHD (n=45)
had frank zinc deficiency with serum zinc levels less than 60 pg/dl in compared with 11.1% of
controls(n=45). Among children with ADHD, it is found that hyperactivity-impulsivity, inattention
DSM-IV index, and ADHD DSM-IV index subscales were higher in zinc deficient cases than non-
zinc deficient cases. Also, serum zinc levels were negatively correlated with cognitive problems and
inattention DSM-IV index. Regarding serum ferritin levels, there were no significant differences
between children with ADHD and controls. However, (66.7%) of children with ADHD had low serum
ferritin levels <30 ng/ml in contrast to (55.6%) of controls. It is worth nothing that there was no
correlation between serum ferritin levels and CPRS-R-L subscales scores among children with
ADHD. Conclusion: Serum zinc levels were associated with ADHD symptom domains and its
severity in contrast to serum ferritin levels.

Keywords: ADHD, serum zink levels, serum ferritin levels, frank zinc deficiency

Corresponding Author: Walaa A. Shams, Department of Nutrition and Food Science, Faculty of Home
Economic, Al-Azhar University, Egypt.
26



Curr. Sci. Int., 14(1): 26-38, 2025
EISSN: 2706-7920 ISSN: 2077-4435 DOI: 10.36632/csi/2025.14.1.3

1. Introduction

ADHD is a persistent pattern of inattention and/or hyperactivity-impulsivity that interferes with
functioning or development, it is more common in boys than in girls (Hussein et al., 2025). The
etiology of ADHD is complex and has not yet been completely understood, but findings support
multifactorial hypotheses. Various neurochemical, neuroanatomical, genetic, and environmental
factors have been reported to play a role in the development of this disorder (Razavinia et al.,2024).

Diet and nutrition have been proposed to be involved in the pathophysiology and management
of ADHD, as nutrition play a role in brain development and functioning (Lange et al., 2023). Several
studies have shown that nutrition is a strong mediator and/or moderator of ADHD symptoms
(Yorgidis et al.,2021). Nutrient deficiency has potential roles in it the pathogenesis of ADHD (Ryu et
al., 2022). Zinc is an essential trace element, required for cellular functions related to the metabolism
of neurotransmitters, melatonin, and prostaglandins. Altered levels of zinc have been related with the
aggravation and progression of ADHD (Granero ef al., 2021), lower levels of zinc may significantly
contribute to the severity of ADHD symptoms (Skalny et al., 2020). Also, iron is an essential cofactor
required for several functions, such as neurotransmitter metabolism, particularly dopamine
production, which is a core factor in ADHD (Granero et al., 2021). Lower iron concentration is
associated with changes in myelin structure, followed by changes in cortical fibers function, and
dopaminergic system, dopamine is known as a key element in the pathogenesis of ADHD. Therefore,
iron storage in the brain may be effective on dopamine-dependent functions and ADHD symptoms
(Tohidi et al., 2021).

2. Subjects and Methods
2.1. Study setting and design

Cross-sectional case control descriptive study was conducted on 90 participants. The study was
divided into two groups. Group A: (45) children suffering from ADHD recruited from the Child
outpatient clinic located in Kasr Al Ainy Psychiatric and Addiction Hospital.

Group B: (45) healthy children as controls recruited from healthy children attending with their
parents in other clinics of Kasr Al Ainy hospital as well as children of employees, workers, and nurses
working in the same hospital.

2.2. Sampling and sample size

The sample size calculation (45 participants in each group) was done using G*Power software
version 3.1.9.2, considering a error = 0.05 and power = 0.8 to detect an effect size of 0.48 adopted
from a previous study (Chou et al., 2018).

2.3. Data collection tools

Demographic and socioeconomic data assessed by valid and reliable socioeconomic status scale
(SES) for health research in Egypt, with permission of the original author. SES has seven domains
with a total score 84, the socioeconomic status was classified according to the quartiles of the score
into very low, low, middle, and high levels (El-Gilany et al., 2012).

Blood sample (3 ml) was withdrawn through venipuncture in the arm of children in both groups.
Samples were taken by a nurse at child outpatient clinic located in Kasr Alainy Psychiatric and
Addiction Hospital (El-Bakry et al., 2019). The sample was taken then centrifugation was done for
serum separation. The tubes were coded for identification and packed into box then collected sample
stored at -5 C until analysis (Karam et al., 2019).

Serum zinc levels was assayed using atomic absorption spectroscopy in the Laboratory of the
Department of Occupational and Environmental Medicine, Cairo University. Based on serum zinc,
zinc deficiency < 80 pg/dl and frank zinc deficiency less than 60 pg/dl were considered (El-Bakry et
al., 2019). Serum ferritin level was assayed using (ELISA) (Nyakundi ef al., 2022). Low serum
ferritin level was defined as ferritin <30 ng /ml, a measure used in previous study (Abou-Khadra et
al., 2013).

CPRS-R-L was used to assess ADHD symptoms severity as reported by parents (Conners, 2001).
It includes 80 items grouped into different subscales: oppositional, cognitive problems/inattention,
hyperactivity, anxious-shy, ADHD index, perfectionism, social problems, psychosomatic, conners
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global index, conners global emotional index, conners global total index, inattention DSM-IV index
hyperactivity-impulsivity DSM-IV index, and ADHD DSM-IV index. The CPRS-R-L in Arabic was
developed by translation and back-translation with permission of the original author. Reliability
analysis showed that Cronbach’s alpha was 0.95 (Abou-Khadra et al., 2013).

2.4. Statistically analysis:

The collected data were organized and entered on Excel sheet and statistically analyzed using
SPSS software statistical computer package for Windows, version 25 (IBM Corp., Armonk, N.Y.,
USA). The Shapiro-Wilk for normality test was performed to assess the distribution of the numerical
data. Normally distributed parametric quantitative data were represented by mean and SD.
Abnormally distributed nonparametric quantitative data were represented by median and interquartile
ranges. Qualitative data was summarized in numbers and percentage. The Chi square test was applied
to test the association between categorical variables in two independent samples. Mann Whitney test
was applied for quantitative nonparametric variables comparing the median between two or more
independent samples respectively. Spearman's rho correlation coefficient was used to investigate the
association between two ordinal data and numerical or categorial data respectively. A significant P-
value was considered when P is less than 0.05.

3. Results

Table (1) shows demographic and socioeconomic characteristics of the studied children (children
with ADHD and controls). There were no significant differences between the children in both groups
in terms of age, age groups, sex, birth order, socioeconomic level, and residence.

Table 1: Demographic and Socioeconomic characteristics of the studied children in both groups

(n=90).
Group A (n=45) Group B (n=45) .
Children with ADHD Controls Sig. test P value
N % N % %2
Age of children
<7-10 Years 22 48.9% 19 42.2%
>10-14 years 23 51.1% 26 57.8% 0.403 0.525
Mean + SD 10034 =+ 1.572 10.516 L 1624 t=-1.429 0.156
Sex
Male 35 77.8 35 77.8 0.001 1
Female 10 22.2 10 22.2
Birth order
First 14 31.1% 16 35.6% 1.208 0.547
Second 11 24.4% 14 31.1%
The last 20 44.4% 15 33.3%
Socioeconomic level
Low 24 53.3% 22 48.9% %2 =0.178 0.673
Middle 21 46.7% 23 51,15
Residence
Urban 32 71.1% 33 73.3% x2 =0.055 0.814

SD= Standard Deviation =~ 2= chi square test t=independent sample t test
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Table (2) compares serum zinc levels between children with ADHD and controls. There were no
significant differences between both groups according to serum zinc levels. However; there were
(24.4%) of children with ADHD had frank zinc deficiency in contrast to (11.1%) of controls.

Table 2: Comparison of serum zinc levels between children with ADHD and controls(n=90).

Group A (n=45) Group B(n=45)
Sig. Test P value
Children with ADHD Controls
N % N )

Serum zinc levels
Mean + SD 77.56 + 21.01 78.40 + 17.57 t=-0.205 0.838
No zinc deficiency 20 444 18 40.0
Marginal zinc deficiency 14 31.2 22 48.9 x2=4.133 0.127
Frank zinc deficiency 11 244 5 11.1

%2 =chi square t= independent sample t test SD= standard deviation

Table (3) compares serum ferritin levels between children with ADHD and controls. There
were no significant differences between both groups according to serum ferritin levels. However;
there were (66.7%) of children with ADHD had low serum ferritin levels <30 ng/ml in contrast to
(55.6%) of controls.

Table 3: Comparison of serum ferritin levels between children with ADHD and controls(n=90).

Group A (n=45) Group B (n=45)
Sig. Test P value
Children with ADHD Controls
N % N %

Serum ferritin levels
Mean + SD 2759 + 17.45 2896 + 17.99 U=949.500 0.611
Above cut off value (30 ng /ml) 15 333 20 44.4 x2=1.169 0.280
Below cut off value (30 ng/ml) 30 66.7 25 55.6

%2 =chi square U= man Whitney test SD= standard deviation

Table (4) shows that there were statistically significant differences between non- zinc deficient
cases and zinc deficient cases among children with ADHD as regards hyperactivity-impulsivity,
inattention DSM-IV index, and ADHD DSM-IV index subscales, with (P value=0.034), (P=0.017),
(P=0.04), respectively.

Table (5) shows that there were no statistically significant differences between non- ferritin
deficient cases and ferritin deficient cases among children with ADHD as regards CPRS-R-L
subscales scores.

Table (6) and Figures (1), (2) shows correlation between serum zinc levels and CPRS-R-L
subscales scores among children with ADHD. There is significant negative correlation between serum

29



Curr. Sci. Int., 14(1): 26-38, 2025

EISSN: 2706-7920 ISSN: 2077-4435

DOI: 10.36632/csi/2025.14.1.3

zinc levels and cognitive problems (P =0.020). Similarly, there is significant negative correlation
between serum zinc levels and inattention DSM-IV index (P = 0.004).
Table (7) shows no correlation between serum ferritin levels and CPRS-R-L subscales scores

among children with ADHD.

Table 4: Comparison of CPRS-R-L subscales scores between zinc deficient cases and non-zinc
deficient cases among children with ADHD(n=45)

Serum zinc levels

Conners subscales Non- Zinc Zinc deficient M:jmn P value
. Whitney
deficient cases cases

Mean + SD 68.29 +9.744 71.91 £7.70

Conduct disorder -oppositional
Median (IQR) 68(48-85) 73(54-82) =-1.120  0.269
Mean + SD 67 +7.793 72.73+£10.412

Cognitive problems
Median (IQR) 65(55-88) 72.00(58-90) t=115.500 0.059
Mean + SD 72.76£10.689 80.91+9.843

Hyperactivity-impulsivity
Median (IQR) 74.00(56-90) 84.00(64-90) 107.000  0.034*
Mean + SD 559441022  65.91+17.947

Ancxious -shy
Median (IQR) 55.00(41-87) 66.00(39-90) 132 0.145
Mean + SD 48.82+7.830 48.91+9.214

Perfectionism/OCD
Median (IQR) 48.00(40-80) 45 (40-71) 171.500  0.681
Mean + SD 62.85+12.346  66.82+15.478

Social problems
Median (IQR) 61.00(45-89) 65.00(45-90) 157 0.427
Mean + SD 54.32+11.819  57.64+15.194

Psychosomatic
Median (IQR) 51.50(42-83) 53.00(42-87) 163.5 0.533
Mean + SD 67.06+7.631 71.45+8.407

ADHD index
Median (IQR) 65(56-90) 70.00(61-81) 130 0.133
Mean + SD 70.71+8.537 75.45+£9.256

Conners global ADHD index
Median (IQR) 70.50(57-90) 70.00(67-90) 143 0.244
Mean + SD 67.74+9.362 74.64+13.299

Conners global emotional index
Median (IQR) 68.50(46-90) 77.00(49-90) t=-1911 0.063

. Mean + SD 71.26+8.088 77.36+9.542

Conners global total index
Median (IQR) 70.00(56-90) 76.00(65-90) 113 0.058
Mean + SD 64.94+7.269 72.91£10.511

Inattention DSM-IV index
Median (IQR) 64.00(56-88) 73 (58-88) 115.500  0.017*

Hyperactivity-impulsivity DSM- Mean = SD 72.62+10.534 77.36+9.179

1V index Median IQR)  73.00(56-90)  76.00(62-90) 140 0213
Mean + SD 69.53+8.921 75.91+£9.659

ADHD DSM-IV index
Median (IQR) 70.00(56-90) 75.00(64-90) t=-2.022  0.049*

U= man Whitney test t= independent sample t test SD= standard deviation
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Table 5: Comparison of CPRS-R-L subscales scores between ferritin deficient cases and non-ferritin
deficient cases among children with ADHD (n=45)
Serum ferritin levels

Conners subscales Non-ferritin Ferritin Sig P value
deficient cases deficient cases
Mean + SD 71.20+8479  68.17£9.713
Conduct disorder -oppositional .
Median (IQR) 68(59-85) 71(48-82) t=1.028  0.310
Mean + SD 68.07+8.481  68.57+£9.005
Cognitive problems .
Median (IQR) 68(57-88) 68.5(55-90) t=-0.179  0.859
Mean + SD 762749422 7411739 197.5
Hyperactivity-impulsivity .
Median (IQR) 78(56-90) 74(56-90) 0.507
Mean & SD 60.33+13.589  57.40+12.896 0.440
Anxious -shy :
Median (IQR) 58(45-90) 55(39-85) 193
Mean £ SD 48.605.616  48.97+9.152  202.5
Perfectionism/OCD .
Median (IQR) 49(40-59) 47(40-80) 0.586
Mean + SD 61.67+14.681  64.90+12.366
Social problems .
Median (IQR) 59(45-88) 62.5(45-90) 187 0.359
Mean + SD 58+15.123 53.70+11.176  197.5 0.506
Psychosomatic .
Median (IQR) 53(42-87) 53(42-83)
Mean + SD 68.0748.413  68.17+7.874
ADHD index .
Median (IQR) 65(61-90) 65(56-89) 219 0.885
Mean + SD 73.47+7.328  71.07+9.541
Conners global ADHD index .
Median (IQR) 71(63-90) 69(57-90) 1735  0.214
Mean + SD 68+12.851 70.13+9.648
Conners global emotional index .
Median (IQR) 70(46-90) 71(56-88)  t=-0.625  0.535
Mean £ SD 73.20£7.664  72.53+9.380 2125  0.763
Conners global total index .
Median (IQR) 71(64-90) 71(56-90)
Mean + SD 65.8748.442  67.40£9.012
Inattention DSM-IV index )
Median (IQR) 64(58-88) 65(56-88) 204 0.612
Mean + SD
Hyperactivity-impulsivity DSM- 76.07x9.989 72.63+10.467
IV index Median (IQR) 78(56-90) 73(58-90)  178.500  0.262
Mean + SD 7249.181 70.63+9.647
ADHD DSM-IV index .
Median (IQR) 70(56-90) 70(56-90)  t=0.455  0.651

U= man Whitney test

t=independent sample t test
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Table 6: Correlation between serum zinc levels and CPRS -R-L subscales scores among children with
ADHD (n=45).
Correlation Serum zinc levels

Conduct disorder -oppositional s -0.101

P 0.510

Is -0.347
Cognitive problems

P 0.020%*

Is -0.230
Hyperactivity-impulsivity

P 0.129

Is -0.166
Ancxious -shy

P 0.275

Ts -0.027
Perfectionism/OCD

P 0.858

Ts -0.049
Social problems

P 0.749

Is -0.128
Psychosomatic

P 0.402

Ts -0.223
ADHD index

P 0.141

Ts -0.238
Conners global ADHD index

P 0.116

Ts -0.195
Conners global emotional index

P 0.199

Ts -0.272
Conners global total index

P 0.070

Ts -0.419
Inattention DSM-IV index

P 0.004*

Ts -0.145
Hyperactivity-impulsivity DSM-IV index

P 0.343

Is -0.271
ADHD DSM-1V index

P 0.072

rs: Correlation coefficient of spearman Correlation p: probability value *: statistically significant
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Fig. 1: Correlation between serum zinc levels and cognitive problems among children with ADHD
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Fig. 2: Correlation between serum zinc levels and inattention DSM-IV index among children with
ADHD
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Table 7: Correlation between serum ferritin levels and CPRS-R-L subscales scores among children
with ADHD(n=45).

Correlation Serum ferritin levels
Conduct disorder -oppositional ;: 8;22
Cognitive problems 1; -(?316329
Hyperactivity-impulsivity 1; 8 2471 }
Anxious -shy rﬁ 824718
Perfectionism/OCD 11;5 1?;;62
Social problems ;: -(?70226
Psychosomatic i; 8111(7)2
ADHD index i; -(?6730(;1
Conners global ADHD index rﬁ 8;2(5)
Conners global emotional index 11;5 _00_ 905068
Conners global total index ;: 82‘6‘1
Inattention DSM-IV index i: _00, 216679
Hyperactivity-impulsivity DSM-IV index r; g él‘g
ADHD DSM-1V index P _00,'902194

rs: Correlation coefficient of spearman Correlation p: probability value

4. Discussion

In this study, both groups were matched by age, gender, race, and socioeconomic status. The age
of the study sample (45 children with ADHD and 45 controls) ranged from 7 —14 years with mean age
of (10.034+1.572), (10.516% 1.624) years, respectively. From the researcher point of view; 7 years
was selected due to at this age, children begin to engage and interact more clearly with the external
environment, and thus they develop different dietary tendencies and habits separate from their
families. Moreover, 14 years were the upper age limit for children in Child outpatient clinic located in
Kasr Alainy Psychiatric and Addiction hospital where the study sample was taken.

As regards to sex each group consisted of 35 males (77.8%) and 10 females (22.2%), at a ratio ~
of 3.5:1. which is consistent with sex differences reported in the literature for patients with ADHD.
Sex differences in the rate of ADHD diagnoses are well documented in literature, with male-to-female
prevalence ratios varying within the range of 2:1 to 10:1 across studies (Al-Wardat et al.,2024). In
particular, our results come in line with a study found that the male-to-female ratio of ADHD in
childhood was 3:1 (Da Silva et al., 2020). Our results also, consistent with studies found that the
male-to-female ratio of ADHD in childhood was 4:1 (Martin,2024; Abdelnour et al., 2022). These
results can be explained by females are more likely to present with symptoms of inattention than
hyperactivity and less likely to exhibit disruptive behaviors, causing their symptoms to be less
noticeable in childhood (Huynh et al., 2024).

Concerning to child birth order, the current study showed that there were no significant
differences between both groups. However; the study found that the prevalence of the ADHD was
higher if the child was the last one in the family followed by first birth order, which is consistent with
study done by Mohamed et al. (2023).
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For socioeconomic level, as mentioned earlier we matched socioeconomic level in both groups.
So, there were no significant differences between both groups according to: Residence, educational
level, occupation of mothers and fathers, health care level, and socioeconomic level.

In particularly, among children with ADHD (n=45), 32 of those children living on Urban area and
24 of them had low socioeconomic status, this result consistent with research that identified a
correlation between lower socioeconomic status and higher ADHD prevalence rates, as well as a link
between urban living and increased ADHD prevalence (Sadr-Salek et al., 2023).

Regarding serum ferritin levels, our result showed that there were no statistically significant
differences regarding serum ferritin levels between children with ADHD and controls. The result of
this study is in line with data from previous studies (Donfrancesco et al., 2012; Wang et al., 2017).
Despite this result, serum ferritin levels found to be lower in children with ADHD than healthy
controls. This result consistent with the study of Wang et al. (2017). Among children with ADHD,
regarding the correlation between serum ferritin levels and CPRS-R-L subscales, there was no
correlation between serum ferritin level and CPRS-R-L subscales scores. Also, it is found that no
statistically significant differences between non- ferritin deficient cases >30 ng/ml and ferritin
deficient cases <30 ng/mL as regards CPRS-R-L subscales (p >0.05), This results consistent with
study conducted by Abou-Khadra et al. (2013).

Our result point to serum zinc levels, it is found that there were no statistically significant
differences regarding serum zinc levels between children with ADHD and controls. The result of this
study consistent with studies conducted by (Ghoreishy et al., 2021; Liu et al., 2020). Whereas, the
result of this study contradicted with a study done by Karam et al. (2019) who stated that there was a
highly significant difference between children with ADHD and controls regarding serum zinc levels.
In particularly, according to serum zinc levels among children with ADHD (n=45), 55, 6% of them
(n=25) were below the laboratory reference range, which was 80—130 pg/dl, denoting prevalent zinc
deficiency among children with ADHD, where (14) children had marginal zinc deficiency, with serum
zinc levels ranging between 60 and 80 pg/dl and (11) children had frank zinc deficiency, with serum
zinc levels less than 60 pg/dl. These results are in line with previous study suggesting that many
children with ADHD have lower than average zinc levels (El-Bakry et al., 2019).

Several studies have previously reported that lower levels of zinc may significantly contribute to
the severity of ADHD symptoms (Skalny et al., 2020). Among children with ADHD our results
concluded statistically significant differences between non- zinc deficient cases >80-130 pg/dl and
zinc deficient cases < 80 pg/dl as regards hyperactivity-impulsivity, inattention DSM-IV index, and
ADHD DSM-IV index. Where zinc deficient cases have higher scores in these subscales than non-
zinc deficient cases (p <0.05). This result is in line with data from previous study suggesting that low
zinc levels was associated with high conner parent rating scale (CPRS) hyperactivity score (Oner et
al., 2010). Also, this result consistent with previous study suggesting that serum zinc concentration
has negative correlation with parent-teacher-rated inattention (Arnold et al., 2005). Our findings also,
showed an association between serum zinc levels and ADHD DSM-IV index, and this result
consistent with previous study suggesting significant beneficial effect of zinc supplementation on
ADHD total scores (Talebi et al., 2022). These results contradicted with a study done by Karam et al.
(2019) who stated that there was no statistically significant difference between zinc deficient cases
and non-zinc deficient cases as regards conners subscales scores.

Furthermore, an association between low serum zinc levels and high score of both cognitive
problems and inattention DSM- IV index scores has been ound among children with ADHD. As
mentioned earlier we found that serum zinc concentration has negative correlation with parent-
teacher-rated inattention (Arnold et al. 2005). The association between serum zinc levels and
cognitive problems, can explained through, zinc plays an important role in many physiological and
pathological processes in normal mammalian brain development, especially in the development of the
Central nervous system (CNS). Zinc deficiency can lead to neurodegenerative diseases, mental
abnormalities, sleep disorders, tumors, vascular diseases, and other pathological conditions, which can
cause cognitive impairments. Zinc is important for the brain to function normally. So, zinc deficiency
is closely related to cognitive impairment, memory impairment, and other diseases (Sun et al., 2022).
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5. Conclusion

In conclusion, nutritional deficiency may significantly contribute to the severity of ADHD
symptoms. In particular, lower serum zinc levels were positively associated with ADHD symptoms
and its severity such as cognitive problems, hyperactivity-impulsivity, inattention, and ADHD DSM-
IV index.

Conflict of Interest
The authors reported no conflict of interest.

References

Abdelnour, E., M.O. Jansen, and J.A. Gold, 2022. ADHD Diagnostic trends: Increased recognition
or overdiagnosis? Missouri Medicine, 119(5): 467-473.
https://pme.ncbi.nlm.nih.gov/articles/PMC9616454

Abou-Khadra, M.K., O.R. Amin, O.G. Shaker, T.M. Rabah, and B.M.C Pediatrics, 2013. Parent-
reported sleep problems, symptom ratings, and serum ferritin levels in children with attention-
deficit/hyperactivity disorder: a case control study. BMC Pediatrics, 13: 217.
https://doi.org/10.1186/1471-2431-13-217

Al-Wardat, M., M. Etoom, K.A. Almhdawi, Z. Hawamdeh, and Y. Khader, 2024. Prevalence of
attention-deficit hyperactivity disorder in children, adolescents and adults in the Middle East and
North Africa region: a systematic review and meta-analysis. BMJ Open. 18:14(1): e078849.
https://doi.org/10.1136/bmjopen-2023-078849

Arnold, L.E., H. Bozzolo, J. Hollway, A. Cook, R.A., DiSilvestro, D. R. Bozzolo, L. Crowl, Y.
Ramadan, and C. Williams, 2005. Serum zinc correlates with parent- and teacher- rated
inattention in children with attention-deficit/hyperactivity disorder. Journal of Child and
Adolescent Psychopharmacology, 15(4): 628—636. https://doi.org/10.1089/cap.2005.15.628

Chou, W.J., M.F. Lee, M. L. Hou, L.S. Hsiao, M. J. Lee, M.C. Chou, and L.J. Wang, 2018. Dietary
and nutrient status of children with attention-deficit/ hyperactivity disorder: a case-control study.
Asia Pacific Journal of Clinical Nutrition, 27(6): 1325-1331.
https://doi.org/10.6133/apjen.201811_27(6).0020

Conners, C.K., 2001. Conners’ Rating Scales-Revised. Technical Manual. North Tonawanda, NY:
Multi-Health Systems, Inc

Da Silva, A.G., L.F. Malloy-Diniz, M.S. Garcia, and R. Rocha, 2020. Attention-Deficit/Hyperactivity
Disorder and Women. In: Rennd Jr., J., Valadares, G., Cantilino, A., Mendes-Ribeiro, J., Rocha,
R., Geraldo da Silva, A. (eds) Women's Mental Health. Springer, Cham.
https://doi.org/10.1007/978-3-030-29081-8 15

Donfrancesco, R., P. Parisi, N. Vanacore, F. Martines, V. Sargentini, and S. Cortese, 2012. Iron and
ADHD: time to move beyond serum ferritin levels. Journal of Attention Disorders, 17(4): 347-
357. https://doi.org/10.1177/1087054711430712

El-Bakry, A., A.M. El Safty, A.A. Abdou, O.R. Amina, D.R. Ayoub, and D.Y. Afifia, 2019. Zinc
deficiency in children with attention-deficit hyperactivity disorder. Egyptian Journal of
Psychiatry, 40(2): 95. https://doi.org/10.4103/ejpsy.ejpsy_11_19.

El-Gilany, A., A. EI-Wehady, and M. El-Wasify, 2012. Updating and validation of the socioeconomic
status scale for health research in Egypt. Eastern Mediterranean Health Journal, /8(9), 962-968.
https://doi.org/10.26719/2012.18.9.962

Ghoreishy, S.M., S.E., Mousavi, F. Asoudeh, and H. Mohammadi, 2021. Zinc status in attention-
deficit/hyperactivity disorder: A systematic review and meta-analysis of observational studies.
Scientific Reports, 11: 14612. https://doi.org/10.1038/s41598-021-94124-5

Granero, R., A. Pardo-Garrido, I.LL. Carpio-Toro, A.A. Ramirez-Coronel, P.C. Martinez-Suarez, and
G.G. Reivan-Ortiz, 2021. The role of iron and zinc in the treatment of adhd among children and
adolescents: A systematic review of randomized clinical trials. Nutrients, 13: 4059.
https://doi.org/10.3390/nu13114059

36



Curr. Sci. Int., 14(1): 26-38, 2025
EISSN: 2706-7920 ISSN: 2077-4435 DOI: 10.36632/csi/2025.14.1.3

Hussein, R.A., R.H. Refai, A H. El-zoka, H.G. Azouz, and M.F. Hussein, 2025. Association between
some environmental risk factors and attention-deficit hyperactivity disorder among children in
Egypt: a case-control study. Italian Journal of Pediatrics, 51:19.
https://doi.org/10.1186/s13052-025-01843-w

Huynh, G., S. Masood, H. Mohsin, and A. Daniyan, 2024. The impact of late ADHD diagnosis on
mental health outcomes in females. Social Sciences and Humanities Open,10,100977.
https://doi.org/10.1016/j.ssah0.2024.100977

Karam, M.A.I, M.T. Elkeiy, [.A. Shobair, and K.S. Hammad, 2019. Serum zinc level among children
with Attention-Deficit/Hyperactivity Disorder. Al-Azhar Journal of Pediatrics, 22.
https://doi.org/10.21608/azjp.2019.68422

Lange, K.W., K.M. Lange, Y. Nakamura, and A. Reissmann, .2023. Nutrition in the Management of
ADHD: A Review of Recent Research. Current Nutrition, 12: 383-394.
https://doi.org/10.1007/s13668-023-00487-8.

Liu, T., K.A. Feenstra, J. Heringa, and Z. Huang, 2020. Influence of gut microbiota on mental health
via neurotransmitters: a review. Journal of Artificial Intelligence for Medical Sciences, 1(1-2): 1-
14. https://www.atlantis-press.com/journals/jaims

Martin, J., 2024. Why are females less likely to be diagnosed with ADHD in childhood than males?
The Lancet Psychiatry, 11(4): 303—310. https://doi.org/10.1016/S2215-0366(24)00010-5

Mohamed, A.A., M.M. Zaki, and D.A. Mahmoud, 2023. Relationship between quality of life and
sleep habits in children with attention deficit hyperactivity disorder. Journal of Nursing Science,
4(1).

Nyakundi, P.N., J. Kiio, and A.W. Munyaka, 2022. Serum ferritin levels are associated with frequent
consumption of iron- and ascorbate-rich foods among women of childbearing age in Nandi
County, Kenya. Journal of Nutritional Science, 11: e6. https://doi.org/10.1017/jns.2022.5

Oner, O., P. Oner, O.H. Bozkurt, E. Odabas, N. Keser, H. Karadag, and M. Kizilgiin, 2010. Effects of
zinc and ferritin levels on parent and teacher reported symptom scores in attention deficit
hyperactivity disorder. Child psychiatry and Human Development, 41(4): 441-447.
https://doi.org/10.1007/s10578-010-0178-1

Razavinia, F., A. Ebrahimiyan, S. Faal Siahkal, N. Ghazinezhad, and P. Abedi, 2024. Vitamins B9 and
B12 in children with attention deficit hyperactivity disorder (ADHD). International journal for
vitamin and nutrition research. Internationale Zeitschrift fur Vitamin- und Ernahrungsforschung.
Journal international de vitaminologie et de Nutrition, 94(5-6): 476-484.
https://doi.org/10.1024/0300-9831/a000809

Ryu, S.A., Y.J. Choi, H. An, H.J. Kwon, M. Ha, Y.C. Hong, S.J. Hong, and H.J. Hwang, 2022.
Associations between dietary intake and attention deficit hyperactivity disorder (ADHD) scores
by repeated measurements in school-age children. Nutrients, 14(14): 2919.
https://doi.org/10.3390/nu14142919

Sadr-Salek, S., A.P. Costa, and G. Steffgen, 2023. Psychological treatments for hyperactivity and
impulsivity in children with ADHD: A narrative review. Children (Basel, Switzerland), 10(10):
1613. https://doi.org/10.3390/children10101613

Skalny, A. V., Mazaletskaya, A. L., Ajsuvakova, O. P., Bjerklund, G., Skalnaya, M. G., Chao, J.C.,
L.N. Chernova Shakieva, P.Y., Kopylov, A.A. Skalny, and A.A. Tinkov, 2020. Serum zinc,
copper, zinc-to-copper ratio, and other essential elements and minerals in children with attention
deficit/hyperactivity disorder (ADHD). Journal of Trace Elements in Medicine and Biology, 58:
126445. https://doi.org/10.1016/j.jtemb.2019.126445.

Sun, R., J. Wang, J. Feng, and B. Cao, 2022. Zinc in cognitive impairment and aging. Biomolecules,
12(7): 1000. https://doi.org/10.3390/biom12071000

Talebi, S., M. Miraghajani, A. Ghavami, and H. Mohammadi, 2022. The effect of zinc
supplementation in children with attention deficit hyperactivity disorder: A systematic review and
dose-response meta-analysis of randomized clinical trials. Critical reviews in Food Science and
Nutrition, 62(32): 9093-9102. https://doi.org/10.1080/10408398.2021.1940833.

37



Curr. Sci. Int., 14(1): 26-38, 2025
EISSN: 2706-7920 ISSN: 2077-4435 DOI: 10.36632/csi/2025.14.1.3

Tohidi, S., E. Bidabadi, M.J. Khosousi, M. Amoukhteh, M. Kousha, P. Mashouf, and T. Shahraki,
2021. Effects of iron supplementation on attention deficit hyperactivity disorder in children
treated with methylphenidate. Clinical psychopharmacology and neuroscience: the official
scientific Journal of the Korean College of Neuropsychopharmacology, 19(4): 712-720.
https://doi.org/10.9758/cpn.2021.19.4.712

Wang, Y., L. Huang, L. Zhang, Y. Qu, and D. Mu, 2017. Iron Status in Attention-
Deficit/Hyperactivity Disorder: A Systematic Review and Meta-Analysis. PloS one, 12(1):
€0169145. https://doi.org/10.1371/journal.pone.0169145

Yorgidis, E., L. Beiner, N. Blazynski, K. Schneider-Momm, H.W. Clement, R. Rauh, E. Schulz, C.
Clement, and C. Fleischhaker, 2021. Individual behavioral reactions in the context of food
sensitivities in children with attention-deficit/hyperactivity disorder before and after an
oligoantigenic diet. Nutrients, 13(8):2598. https://doi.org/10.3390/nu13082598

38





