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Introduction: Recent studies have identified Attention Deficit Hyperactivity Disorder 
(ADHD) as an inflammatory condition associated with immunological and oxidative responses. 
Therefore, it is necessary to examine these processes in these patients. The present study 
aimed at investigating the relationship between the dietary intake of antioxidants, Superoxide 
Dismutase (SOD) activity, and the serum levels of inflammatory factors in ADHD students.

Methods: This retrospective case-control study was conducted on 64 ADHD children aged 
6 - 13 years. The demographic questionnaire, Food Frequency Questionnaire, and Baecke 
Physical Activity Questionnaire were used for data collection. SOD activity and the serum 
level of inflammatory factors (homocysteine, interleukin-6, and C-reactive Protein (CRP)) 
were measured in all patients. According to the CRP values, 32 patients were included in the 
case group (CRP≥1 mg/L) and 32 patients in the control group (0≤CRP<1 mg/L).

Results: There was no significant difference between the two groups in age, sex, weight, 
height, and body mass index. In the case group, the mean SOD activity (P=0.034), the physical 
activity (P=0.04), zinc intake (P=0.02), and homocysteine levels were higher than the control 
group (P=0.001). Of all studied variables, the best predictors were homocysteine (OR: 
1.34, 95% CI: 1.082-1.670, P=0.029) and physical activity (OR: 0.85, 95% CI: 0.761-
0.952, P=0.022) respectively, whereas other variables were not significant predictors.

Conclusion: The present study showed that the level of inflammatory factors in the case 
group was significantly higher than the control group. Homocysteine and physical activity can 
predict the inflammation status induced by CRP.
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1. Introduction

he most common neurodevelopmental 
disorder in children is Attention Deficit Hy-
peractivity Disorder (ADHD), which is 
associated with inattention, hyperactiv-
ity, impulsivity, and distraction, and often 
continues until adolescence and adulthood 
(Anney et al., 2008). These patients usu-

ally face academic, social, and occupational problems; 
therefore, the high costs and side effects of this disorder 
have directed researchers towards exploring strategies 
for preventing, controlling, and treating ADHD (Anney 
et al., 2008; Stoltz, 2004). Although its etiology remains 
unclear, genetic and environmental factors and their 
interactions have been investigated in various studies 
(Crosbie & Schachar, 2001).

ADHD is an inflammatory condition with immunolog-
ical responses and oxidative stress. The ability to pass in-
flammatory mediators from the blood-brain barrier and 
its effect on the metabolism of some amino acids (such 
as tryptophan), dopaminergic and noradrenergic sys-
tems, and on the function of neurons and synapses, may 
indicate the role of inflammatory mediators in ADHD 
pathology (Oades, Dauvermann, Schimmelmann, 
Schwarz, & Myint, 2010). Stressful life events experi-
enced during and after pregnancy and subsequent im-

munological responses may interfere with the balance of 
pro-inflammatory/anti-inflammatory mediators and ulti-
mately lead to further increase in inflammatory factors, 
such as Tumor Necrosis Factor (TNF) and pro-inflam-
matory interleukins. These inflammatory mediators can 
lead to neuronal degeneration and behavioral problems 
(Ma, Chen, Chen, Liu, & Wang, 2011; Martino, Rocchi, 
Escelsior, & Fornaro, 2012). Recently, the relationship 
between inflammatory markers and the consequences of 
neurodevelopmental growth among children has been 
studied. One cohort study introduced inflammation as an 
independent risk factor, which may disrupt the neuronal 
development of children, and high levels of C-reactive 
protein (CRP), as one of the most important inflamma-
tory factors (Jiang et al., 2017). Although recent studies 
have introduced CRP as a risk factor for cardiovascu-
lar diseases, increased levels of CRP have been seen in 
neuropsychiatric disorders, such as chronic depression 
(Miller, Freedland, Carney, Stetler, & Banks, 2003; Rid-
ker, Hennekens, Buring, & Rifai, 2000). Studies on the 
role of inflammatory factors in ADHD are contradictory 
and limited. According to the epidemiological studies, 
there is a significant and direct correlation between ho-
mocysteine levels and cognitive disorders (bipolar dis-
order, autism, and Alzheimer Disease (AD)); however, 
one study has shown a reduction in homocysteine levels 
in ADHD (Karababa et al., 2017; Refsum et al., 2004).

Highlights 

● The activity of superoxide dismutase, an antioxidant enzyme, decreases with elevated C-reactive Protein (CRP).

● The levels of CRP are associated with homocysteine and interleukin-6 levels.

● Homocysteine and physical activity can predict the inflammation status induced by CRP.

Plain Language Summary 

The most common neurodevelopmental disorder in children is Attention Deficit Hyperactivity Disorder (ADHD) that is 
associated with academic, social, and occupational problems. Therefore, the high costs and side effects of this disorder have 
directed researchers towards exploring strategies for preventing, controlling, and treating it. Recent studies have identified 
ADHD as an inflammatory condition with oxidative responses. Therefore, it is necessary to examine these processes in these 
patients. The present study aimed at investigating the relationship between the dietary intake of Antioxidants, Superoxide 
Dismutase (SOD) antioxidant enzyme activity, and the serum levels of inflammatory factors in students with ADHD. Ac-
cordingly, 64 ADHD children aged 6 - 13 years old were divided into two groups based on C-reactive protein (CRP) serum 
levels: 32 patients in the case group (CRP≥1 mg/L) and 32 patients in the control group (0≤CRP<1 mg/L). CRP is one of the 
most important biomarkers of inflammatory disease. SOD activity and the serum level of inflammatory factors (homocyste-
ine, interleukin-6, and CRP) were measured in all patients. The findings indicated that SOD activity decreased with elevated 
CRP. The levels of CRP were associated with homocysteine and interleukin-6 levels. Homocysteine and physical activity can 
predict the inflammation status associated with CRP.
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In addition to inflammatory and immunologic factors, 
oxidative metabolism is considered as one of the most im-
portant mechanisms in the development of ADHD. Some 
cross-sectional studies have shown that oxidative balance is 
impaired in patients with ADHD (Selek, Bulut, Ocak, Kal-
enderoglu, & Savas, 2012), whereas in a study on children 
with ADHD, no relationship between oxidative stress and 
this disorder was observed (Oztop, Altun, Baskol, & Oz-
soy, 2012). According to the results of a meta-analysis, the 
relationship between antioxidant status and ADHD was not 
significant; however, responses to oxidative stress were in-
adequate (Joseph, Zhang-James, Perl, & Faraone, 2015).

The relationship between nutrients (macronutrients 
and micronutrients) and the immune system has always 
been relevant; some nutrients are known as immune sys-
tem regulators and others as pro-inflammatory or anti-
inflammatory agents (Thaler & Schwartz, 2010). Some 
studies have highlighted the high dietary fat intake and 
obesity as inflammatory factors in the nervous system 
(Yi, Tschop, Woods, & Hofmann, 2012). However, other 
studies have shown that the intake of sufficient amounts 
of omega-3 fatty acids can play a significant role in pre-
venting neuroinflammatory diseases. Fat-soluble vita-
mins, especially vitamin A, vitamin D, and vitamin E, 
play a potential role in regulating the production of im-
mune cells and reducing inflammation (Cha et al., 2010). 
Few studies have been carried out on the role of food 
antioxidants in ADHD. The plasma levels of micronutri-
ents, such as zinc and copper, which play an important 
role in the antioxidant defense mechanism, are lower in 
ADHD children than in healthy people (Yorbık, Olgun, 
Kırmızıgül, & Akman, 2004). In addition, Superoxide 
Dismutase (SOD) activity, as the first and most important 
antioxidant defense enzyme, is lower in these patients 
(Selek, Savas, Gergerlioglu, Bulut, & Yilmaz, 2008). On 
the other hand, vitamin E with an antioxidant effect by 
reducing lipid peroxidation is effective in the treatment 
of ADHD (Tsaluchidu, Cocchi, Tonello, & Puri, 2008).

Due to the limited number of studies and the impor-
tance of treating and controlling ADHD, this study was 
aimed at determining the relationship between dietary 
intake of antioxidants and physical activity, SOD en-
zyme activity, and serum levels of inflammatory factors 
in 6-13-year-old students with ADHD.

2. Methods

2.1. Study design and participants

This retrospective case-control study was conducted on 
98 ADHD children (diagnosed by a child and adolescent 

psychiatrist) aged between 6 and 13 years who had been 
referred to the psychiatric center of Isfahan University 
of Medical Sciences (Isfahan Behavioral Sciences Re-
search Center at Noor Hospital) in Isfahan, Iran from 
November to March 2016. The inclusion criteria in-
cluded the age between 6 to 13 years, cases with ADHD 
diagnosed by a psychiatrist, taking a certain dose of Rit-
alin, a Body Mass Index (BMI) within the normal range, 
no other chronic diseases, no use of nutritional supple-
ments or medicines other than Ritalin, and following no 
particular diet. Informed consent to include the children 
in the study was completed by their parents.

2.2. Data collection

A general questionnaire assessing personal information, 
medical history, and medications used was completed. The 
body weight and height of the children were measured with-
out shoes and with light indoor clothing. A Food Frequency 
Questionnaire (FFQ), which is a 168-item scale and its va-
lidity and reliability, has been confirmed in previous studies 
(Mirmiran, Esfahani, Mehrabi, Hedayati, & Azizi, 2010), 
was used to determine nutrient intake. The dietary intakes 
of vitamin E, vitamin C, alpha-tocopherol, beta-carotene, 
selenium, and zinc were obtained using the FFQ for the last 
year. Dietary data were analyzed using the Nutritionist-4 
software (First Databank Inc., Hearst Corp., San Bruno, CA, 
USA). This software presented the nutrient intakes. The phys-
ical activity of the subjects was measured using the Baecke 
questionnaire (16 items) (Baecke, Burema, & Frijters, 1982; 
Maddah, Eshraghian, Djazayery, & Mirdamadi, 2003).

Blood sampling was performed by a qualified expert 
and SOD activity and the serum levels of inflammatory 
factors (CRP, interleukin-6 (IL-6), and homocysteine) 
were measured. The serum levels of CRP were classi-
fied as low if the CRP was <1 and =0 mg/L or as high 
if the CRP was ≥1 mg/L. Based on the classification 
of the American Heart Association, an individual with 
a CRP greater than 1 mg/L compared to a CRP of less 
than 1 mg/L is exposed to inflammation and a greater 
risk of chronic diseases, such as coronary artery diseases 
(Pearson et al., 2003). Based on the obtained results, 
32 patients with CRP≥1 mg/L were chosen for the case 
group and 32 patients with 0≤CRP<1 mg/L for the con-
trol group who were matched by gender and age. Other 
subjects were excluded from the study because they did 
not belong to either of the two groups.

2.3. Laboratory procedures

SOD activity was measured by spectrophotometry us-
ing the ZellBio GmbH kit (Germany) with Intra/Inter-
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assay Coefficients of Variations (CV); 5.8/7.2%. The 
serum levels of IL-6 and homocysteine were measured 
by the Enzyme-linked Immunosorbent Assay (ELISA) 
method and measured using the kits from the DIACLON 
Company, France (Intra/Inter-assay CV; 4.1/6.2%) and 
Axis-Shield Diagnostic Ltd, UK (Inter-assay CV; 7.2%), 
respectively. CRP was measured by the ELISA method 
using Pars Azmoon kits (Tehran, Iran) with an inter-as-
say CV of 1.7%. All biochemical parameters were evalu-
ated in the Hasht-Behesht laboratory, Isfahan, under the 
direct supervision of the relevant specialist.

2.4. Statistical analysis

The normality of data was checked by the Shapiro-
Wilk test. The Chi-squared test and independent samples 
t-tests were used to analyze qualitative and quantitative 
data, respectively. The logistic regression model was 
used to predict the patients’ groups (CRP≥1 mg/L or 
0≤CRP<1 mg/L). The statistical analysis was done us-
ing SPSS 22 software (IBM Corporation, Armonk, NY, 
USA) and the P-value <0.05 was statistically significant. 

3. Results

Based on Table 1, there was no significant difference 
in age, sex, weight, height, and BMI in the two groups 
(CRP≥1mg/L or 0≤CRP<1 mg/L).

The Mean±SD of the physical activity score in the case 
group was significantly lower than that of the control 
group. The Mean±SD of the CRP, IL-6, homocysteine, 
SOD, and dietary intake of antioxidants are presented in 
Table 2. The Mean±SD of IL-6 in the case group was 
significantly more than the control group (P=0.055). 
ADHD patients had significantly higher homocysteine 
levels in the case group (P=0.001). The mean±SD of 
SOD activity (P=0.034) and zinc intake (P=0.020) in the 
case group was significantly lower in comparison with 
the control group. There was no significant difference 
in the dietary intake of vitamin E (P=0.549), vitamin C 
(P=0.375), beta-carotene (P=0.465), alpha-tocopherol 
(P=0.458), and selenium (P=0.589). 

The variables with a significant relationship with CRP 
in the independent t-test were entered into a logistic re-
gression model (Table 2) to predict the patients’ groups 
(CRP≥1 mg/L or 0≤CRP<1 mg/L). This model showed 
that these variables can accurately predict 82.1% of pa-
tients in which group they are. The sensitivity (the really 
high levels of CRP) and specificity (the really low levels 
of CRP) of this model were 81.8% and 82.4%, respective-
ly. Among the variables, the best predictors were homo-

cysteine (OR: 1.34, 95% CI: 1.082-1.670, P=0.029) 
and physical activity (OR: 0.85, 95% CI: 0.761-
0.952, P=0.022), respectively, whereas other variables 
were not significant predictors.

4. Discussion

The present study aimed at determining the relation-
ship between antioxidant food intake and SOD activity 
and the serum levels of inflammatory mediators in chil-
dren with ADHD. According to the result of the study, 
the levels of IL-6 and homocysteine, as inflammatory 
factors, were significantly higher in the case group com-
pared with the control group. Among the variables, the 
best predictors were homocysteine and physical activity, 
respectively, whereas other variables were not signifi-
cant predictors.

Special attention has recently given to the relation-
ship between inflammatory factors and neurodevelop-
mental growth (Leviton et al., 2016). A cohort study in 
2017 by Jiang et al. showed that high levels of CRP and 
IL-6 led to a defect in children’s neurodevelopmental 
growth. CRP, as a systemic inflammatory biomarker, has 
grabbed attention in neuropsychiatric disorders, such as 
chronic depression and cardiovascular diseases (Jiang et 
al., 2017; Penninx et al., 2003). 

CRP may play an important role in ADHD patients. 
The results of a systematic review (2014) presented 
primary evidence regarding the role of inflammation 
in psychiatric disorders among children and teenagers 
(Mitchell & Goldstein, 2014). Nonetheless, studies re-
garding the relationship between inflammatory factors 
and ADHD are limited. High levels of inflammatory cy-
tokines have been observed in the brain of many patients 
suffering from AD, depression, and bipolar disorder. 
However, two studies have been conducted on ADHD, 
one of which has shown an increase in cytokines in the 
cerebrospinal fluid, whereas the other has shown an in-
crease in cytokines in plasma (Oades, Myint, Dauver-
mann, Schimmelmann, & Schwarz, 2010). IL-1 and 
IL-6 change the metabolism of central neurotransmitters, 
such as norepinephrine and dopamine (Anisman, Kok-
kinidis, & Merali, 1996; Dunn, Wang, & Ando, 1999). 
IL-6 is produced by stimulating TNF-α and enhances the 
synthesis of CRP in the liver (Laimer et al., 2002). Con-
sidering these mechanisms, inflammation might play a 
role in ADHD pathogeneses.

Homocysteine is considered as a potential cause of 
physical and mental diseases, such as strokes, depres-
sion, cognitive disorders, bipolar disorder, and AD (Mc-
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Cully, 2009; Stanger et al., 2009). Homocysteine causes 
functional and cognitive disorders in youth with schizo-
phrenia and bipolar disorder (Dittmann et al., 2008). Al-
though the level of homocysteine increases in cognitive 
disorders, such as AD, bipolar disorder and autism, in a 
study conducted by Karababa et al. (2017) to compare 
the level of homocysteine and antioxidant indices in two 
groups of healthy and ADHD adults, it was shown that 
the level of homocysteine in ADHD patients was lower 
than that in the control group. Also, no significant differ-
ence was observed in the level of antioxidant indices in 
the two groups (Karababa et al., 2017). However, SOD 

activity in the case group was significantly higher than 
that of the control group in the present study.

Numerous studies have shown that free radicals play a 
crucial role in the pathology of depression, bipolar disorder, 
and other psychological disorders (Papas, 1996; Stadtman, 
2006). About 75% of hyperactive adults suffer from other 
psychological disorders, such as stress, depression, and bi-
polar disorder (Tarazi, Zhang, & Baldessarini, 2002). Based 
on such evidence, an increase in oxidative stress might be 
observed in ADHD patients. An increase in oxidative stress 
leads to increased dopamine release by increasing the pen-
etrability of the membrane to calcium. Since dopamine is 

Table 1. General characteristics and other variables of the study participants (n=32) *

Variables
Mean±SD/NO. (%)

P**
ADHD with CRP≥1

Case Group
ADHD with 0≤CRP<1

Control Group

Age (y) 9.15±1.563 9.06±1.529 0.806

Gender
Male 26 (40.6) 26 (40.6)

0.964
Female 6 (9.4) 6 (9.4)

Weight (kg) 31.08±9.071 31.16±9.546 0.971

Height (cm) 134.31±10.953 135.35±12.796 0.716

BMI (kg/m2) 16.95±2.892 16.78±3.434 0.820

Physical activity (score) 18.92±3.996 20.30±4.709 0.044

CRP (mg/L) 1.44±0.441 0.64±0.254 <0.001

Interleukin-6 (pg/L) 9.25±1.178 8.17±2.583 0.055

Homocysteine (μmol/L) 6.70±3.292 3.52±4.200 0.001

SOD activity (U/ml) 4.55±0.978 5.66±2.614 0.034

Vitamin E intake (mg/day) 16.60±13.098 18.51±13.286 0.549

Vitamin C intake (mg/day) 65.85±35.842 76.23±61.644 0.375

Beta-carotene intake (μg/day) 406.55±415.63 508.65±745.84 0.465

Alpha-tocopherol intake (mg/day) 12.42±8.047 13.93±8.961 0.458

Zinc intake (mg/day) 7.17±1.706 8.64±3.059 0.020

Selenium intake (mg/day) 0.061±0.045 0.066±0.029 0.589

* All values are presented as Mean±SD or percentage (%);

** P-values obtained by the Independent sample t-test.
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an important neurotransmitter in ADHD, an increase in do-
pamine release due to an increase in oxidative stress can 
be influential in the pathogenesis of this disorder (Selek et 
al., 2008). Kul, Unal, Kandemir, Sarkarati, Kilinc, & Kan-
demir (2015) showed that oxidative stress is significantly 
higher in ADHD children. Other studies are also consistent 
with this finding (Guney et al., 2015; Sezen et al., 2016). 
Selek et al. found that SOD activities in adults with ADHD 
were lower in comparison with the control group. Besides, 
high levels of nitric oxide antioxidant and low SOD activi-
ties indicate the lack of oxidative balance in these patients 
(Selek et al., 2008). An increase in these oxidant parameters 
represents the role of inflammation in ADHD because the 
overproduction of oxidants can lead to the body’s inflam-
matory responses (Vida, Gonzalez, & De la Fuente, 2014).

Naghashpour et al. reported no significant relationship 
between the food intake of B vitamins (folate, riboflavin, 
thiamine, and cobalamin), vitamins D and C, magne-
sium, zinc, and total daily calories, and hs-CRP serum 
levels in healthy and depressed groups (Naghashpour, 
Amani, Nutr, Nematpour, & Haghighizadeh, 2011). 
These results are consistent with the findings of previ-
ous studies (Bertran et al., 2005; Ghayour-Mobarhan, 
Yaghootkar, Lanham-New, Lamb, & Ferns, 2007). 
However, in the present study, there was an inverse and 
insignificant correlation between the food intake of vita-
mins E and C, beta-carotene, alpha-tocopherol, zinc, and 
selenium, and CRP levels (Naghashpour et al., 2011). 
Bertran et al. showed that reducing the amount of food 
(e.g. reducing the intake of carbohydrate, protein, lipid, 
thiamine, alpha-tocopherol, and folate quantities) is re-
lated to higher concentrations of CRP plasma (Bertran 
et al., 2005). Nonetheless, most of these relationships 
were not observed in the multi-variant analysis. Further-
more, Naghashpour et al. showed a significant difference 
among depressed individuals in the intake of vitamin E 

in various quartiles of hs-CRP serum levels. Patients in 
the second quartile had significantly less vitamin E in-
take than those in the fourth quartile (Naghashpour et 
al., 2011). Another study showed an inverse relationship 
between vitamin E and levels of serum CRP (Seddon, 
Gensler, Klein, & Milton, 2006). However, Fredrikson 
et al. found no significant relationship between levels 
of serum CRP and vitamin E and beta-carotene intake 
(Fredrikson, Hedblad, Nilsson, Alm, Berglund, & Nils-
son, 2004). 

Zinc plays a crucial role in the cell growth and cogni-
tive evolution of children and its levels are high in brain 
areas responsible for structural and operational functions 
(Benton, 2010; Black, 1998). Zinc deficiency in children 
is associated with the reduced cognitive and motor func-
tion (Bryan et al., 2004), as well as a higher prevalence 
of depression and ADHD (DiGirolamo & Ramirez-Zea, 
2009). Zinc is necessary for neurogenesis, neural migra-
tion, and synaptogenesis and its deficiency can stop neu-
ral transference (Bhatnagar & Taneja, 2001). Yorbık et 
al. announced that plasma levels of zinc, which play a 
role in the antioxidant defense mechanism, were lower 
in ADHD children compared with the control group 
(Yorbık et al., 2004). Moreover, cross-sectional studies 
have indicated the shortage of zinc in children suffering 
from ADHD. Additionally, serum zinc levels are closely 
related to inattention scores (Eugene Arnold et al., 2005). 
Nonetheless, it is not clear whether the differences in diet 
were related to the period before the emergence of be-
havioral problems or the behavioral changes had influ-
enced the food intake.

Exercise reduces inflammation, particularly the level of 
CRP in the blood, as a marker of inflammation (Balago-
pal et al., 2005; Tsang, Kohn, Chow, & Singh, 2009). An 
inverse relationship has shown between physical activity 

Table 2. The results of logistic regression analysis of variables to predict the patients’ groups 

Variables Coefficient (ß) Standard Error 
SE Wald P* Odds Ratio 

OR

95%CI for OR

Lower Upper

Interleukin-6 0.260 0.271 0.921 0.337 1.296 0.763 2.203

Homocysteine 0.296 0.136 4.477 0.029 1.344 1.082 1.670

SOD activity - 0.051 0.114 0.205 0.650 0.950 0.792 1.139

Zinc intake - 0.733 0.413 3.153 0.076 0.480 0.214 1.079

Physical activity - 0.161 0.070 5.250 0.022 0.851 0.761 0.952

* P-values obtained by the Pearson correlation.
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and levels of inflammatory markers in older adults (Ertek 
& Cicero, 2012; Hamer et al., 2012) and in children and 
young adults (Isasi et al., 2003), which is in agreement 
with our findings. However, no association has reported 
in other studies conducted on children (Carson et al., 
2013). On the other hand, a positive association has been 
found between increased physical activity and a decrease 
in ADHD symptoms, particularly the cognitive and be-
havioral outcomes (Song, Lauseng, Lee, Nordstrom, & 
Katch, 2016). Based on our findings, physical activity 
predicts serum levels of CRP and inflammation status in 
these patients. Because the most obvious sign of ADHD 
is hyperactivity and also due to the role of physical activ-
ity in reducing inflammation, more studies are needed to 
determine the effect of increased physical activity and 
regular exercise on symptoms and inflammation status 
in these patients.

The present case-control study was a first attempt to in-
vestigate antioxidant food intake, SOD activities, and se-
rum levels of inflammatory mediators in children suffer-
ing from ADHD assigned to the two groups of CRP≥1 
mg/L and 0≤CRP<1 mg/L. One of the most important 
strengths of the present study was its subject, that is, 
studying CRP as one of the most important inflamma-
tory markers of chronic diseases and investigating the 
relationship between taking antioxidants and SOD activ-
ity. The limitation of this study was its small sample size 
and no assessment of indices, such as mental functions 
related to disease severity.

Finally, our results showed that the level of inflamma-
tory factors in the case group was significantly higher 
than the control group. Homocysteine and physical ac-
tivity can predict the inflammation status induced by 
CRP. Further studies with larger sample sizes should be 
carried out to confirm these results.
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