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Abstract
Background: Attention deficit hyperactivity disorder (ADHD) is a neurobiological disorder with a prevalence 
of 5%-10% in the world that negatively impacts school behavior and achievement. There have been many 
studies reveals that attention disorders are caused by the decreased levels of dopamine and norepinephrine 
neurotransmitter. However, particular concern nowadays are the emotional and behavioral problems. The 
emotional and behavioral problem is suspected to be caused by the decrease in serotonin level. The aim of 
this study was to determine the difference in serotonin level between ADHD and non-ADHD children.

Method: This study was an observational case-control study design using random sampling method. Subject 
of this study was children in Bina Karya Elementary School Surabaya. ADHD severity was assessed using 
Conners Abreviated Rating Scale. Examination of serotonin levels in blood was done by ELISA method. 
Informed consent was signed by parents before the study. Data was analyzed using independent T-test.

Results: 44 (23 ADHD and 21 non-ADHD) children from grade 1 to 6 was included in the study. Based 
on the gender, 13 children were girls and 31 children were boys. Serotonin level in ADHD children was 
significantly higher than non-ADHD children (2.148 ± 0.94 vs 2.006 ± 0.115 μmol/L; p = 0.0001).

Conclusion: Serotonin level in ADHD children was significantly higher than non-ADHD children.
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Introduction
Attention deficit hyperactivity disorder (ADHD) is 

a neurobiological disorder with a prevalence of 5%-10% 
in the world that negatively impacts school behavior and 
achievement. The onset of this disorder usually appears 
in the school-age(1). Many parents feel disconcerted in 
nurturingtheir children with ADHD since they often 
opposed, haphazardly behave,and disobey the rules(2,3) 

Parents, especially mothers, often have to lose their 
jobs because they have to take care of their ADHD 
children(4,5). Teachers at school also often complain of 
being confused and discouraged in educating children 
with ADHD because they need extra attention while 
there are limited teachers available and a lot of students 
to be supervisedat one time(6–8) ADHD often coexist 
with other disorders, such as anxiety, depression, 
and learning disorder due to short spans of attention, 
hyperactivity, and impulsive behavior(9–12). Management 
of ADHD is multimodal, including pharmacotherapy and 
psychotherapy. Psychosocial therapy is also considered 
for parents that refuse pharmacotherapy(6,9,13–15)

There have been many studies reveals that attention 
disorders are caused by the decreased levels of dopamine 
and norepinephrine neurotransmitter(16) However, 
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particular concern nowadays are the emotional and 
behavioral problems. It is more severe than the 
communication difficulties in the family, as emotional 
and behavioral disorders will adversely affect the entire 
life span of an ADHD children(17). The emotional and 
behavioral problem is suspected to be caused by the 
decrease in serotonin level. However, study about the 
effects of serotonin is very limited and the results are 
still controversial(18,19).

Considering that the study about the effect 
of serotonin is very limited and the result is still 
controversial, authors conduct this study to determine 
the difference in serotonin level between ADHD and 
non-ADHD children.

Method
This study was an observational case-control study 

design using random sampling method. Subject of this 
study was children in Bina Karya Elementary School 
Surabaya. The inclusion criteria for the case group was 
ADHD children in class 1 to 6, the mothers were not 
experiencing any psychosocial stressor during the study 
period, and both the mothers and the children were able 
to communicate using Indonesian language and being 
cooperative during the study. The inclusion criteria for 
the control group was non-ADHD children in class 1 

to 6, and both the mothers and the children were able 
to communicate using Indonesian language and being 
cooperative during the study. The exclusion criteria for 
the study was children with the others mental health 
condition.

ADHD scores was assessed using Abbreviated 
Conners Teacher Rating Scale in Indonesian version. 
Social Readjustment Rating Scale by Holmes and Rahe 
was used to assess psychosocial stressor of the mother 
(Holmes & Rahe, 1967). Serotonin serum level was 
measured using ELISA method.

Shappiro-wilk test was used for the normality test. 
Independent T-test was used to analyze the difference 
between serotonin level in ADHD and non-ADHD 
children. SPSS 17.0.0 for windows software, 2007, 
SPSS Inc. Chicago, IL, USA and Microsoft Office 2013 
was used for the statistical analysis test.

This study follows the principles of the Declaration of 
Helsinki. This study has received recommendation from 
Surabaya city government office before the study begins 
(Recommendation Number 070/1574/436.8.5/2018). 
Parents were given information for consent and signed 
the informed consent regarding the study prior to their 
involvement in the study. Details that might disclose the 
identity of the subjects under study were omitted.

Results
Table 1: Characteristic of the Subjects’ Family

Non ADHD N (%) ADHD N (%) Total

Highest Education 
Background

Junior high school 11 (50) 11 (50) 22 (100)
Senior high school 7 (41.2) 10 (58.8) 17 (100)
university 3 (47.7) 2 (52.3) 5(100)

Occupation
Not work 16 (51.6) 15 (48.4) 31 (100)
Work 5 (38.5) 8 (51.5) 13 (100)

Sufficiency of monthly 
income

Not sufficient 5 (50) 5 (50) 10 (100)
Almostsufficient 6 (37.5) 10 (62.5) 16 (100)
Sufficient 9 (56.2) 7 (43.8) 16 (100)
Very sufficient 1 (47.7) 1 (52.3) 2 (100)

Parents relationship
Poor 0 3 (100) 3 (100)
Good 21 (51.2) 20 (48.8) 41 (100)

Relationship among 
family member

Poor 0 5 (100) 5 (100)
Good 21 (53.8) 18(46.2) 39 (100)

Family Member Social 
interaction

Poor 2 (66.7) 1 (33.3) 3 (100)
Good 19 (46.3) 22 (53.7) 41 (100)
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Characteristic of the subjects and the family: 
21 non-ADHD children and 23 ADHD children was 
included in the study. Based on the gender, there were 
13 girls (6 in non-ADHD group and 7 in ADHD group) 
and 31 boys (15 in non-ADHD group and 16 in ADHD 
group). From the mother highest education background, 
22 parents had graduated from junior high school, 
17 had graduated from senior high school education 
background, and 5 had graduated from university 
education background. Based on the occupation, 13 
children had their mother worked, while 31 children had 
their mother not worked. From the sufficiency of the 
monthly income, only 18 family had sufficient monthly 
income. 3 family had a poor mother-father relationship, 
whilst 5 family had a poor family relationship (table 1).

Table 2. Serotonin Level in ADHD and Non-ADHD 
Children

Variable Mean P
ADHD 2.148 ± 0.94 μmol/L

0.0001
Non-ADHD 2.006 ± 0.115 μmol/L

Results Table 2. The mean serotonin level in ADHD 
children was 2.148 ± 0.94 μmol/L, while the mean 
serotonin level in non-ADHD children was 2.006 ± 0.115 
μmol/L. Normality test showed that the data distribution 
was normal. Using independent T-test, it was found 
that serotonin level in ADHD was significantly higher 
than non-ADHD children (p = 0.0001, 95%CI = 0.780-
0.206).

Discussion
From the demographic data of the subjects, there 

were 16 boys and 7 girls with ADHD. This result is 
consistent with the results of previous studies which 
found that the prevalence of ADHD was greater in 
boys(6,20,21). Psychostimulant methylphenidate (MPH) 
and amphetamine (AMPH) are the first-line ADHD 
drug choice(22–25) Both of these drugs primarily work 
on dopamine (D2) and noradrenaline (NA) system, but 
not on the serotonin system(8,26). More than half of the 
subjects did not respond positively to the administration 
of this psychostimulant(6,27) Not all parents agree with 
methylphenidate that affects appetite and inhibits growth 
when given to their children and also the risk of drug 
dependence or abuse on long-term use with adolescent 
subject(28).

Serotonin selective reuptake inhibitors (SSRIs) 
that working in the serotonin system are the second-

line treatment in ADHD management(13,29–33). This fact 
becomes the basic etiologic hypothesis of serotonin to 
ADHD. Based on these results, hypotheses suggest that 
chronic serotonin deficiency causes hyperactivity and 
impulsivity symptoms in ADHD (19). The etiology 
of serotonin in ADHD up to now is not clearly known 
on brain imaging studies it was found that serotonin 
especially in the prefrontal area of the cortex contributes 
to the clinical symptoms of ADHD(6,32) Prefrontal 
cortex plays a role in regulating attention, cognitive 
function, emotional regulation and motivation(34,35)
Serotonin plays an important role in the development of 
the nervous system in early child development and has 
a different role with serotonin in adulthood Serotonin 
affects the symptoms of hyperactivity and impulsivity 
but has no effect on(34,35). The statistical analysis of 
serotonin revealed a significant differences between 
ADHD and non-ADHD subjects. These new findings 
may provide input for alternative pharmacotherapy 
management other than methylphenidate because not all 
parents agree with the administration of these drugs that 
have side effects on decreased appetite and inhibit the 
growth of the child.

Conclusion
Serotonin level in ADHD children was significantly 

higher than in non-ADHD children.
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