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Abstract

Background: Study of cortisol levels in patients with ADHD in correlation with aggressive behaviors associated
with ADHD has received limited research attention. This factor is essential for comprehending the
psychopathophysiology of ADHD and its comorbidities. The present study aimed to investigate the cortisol level in
ADHD children and its relation to severity of symptoms and associated aggressive behavior in those children. The
sample consisted of 129 patients and 80 healthy controls evaluated by administering the Mini International
Neuropsychiatric Interview for Children, The Wechsler Intelligence Scale for Children, Conners’ parent rating scale,
problem scale of C.B.C.L., and Socioeconomic Status Scale. Salivary cortisol was measured using radio-immune
assay.

Results: Salivary cortisol level in our ADHD subjects was significantly lower (11.826 ng/ml) than in the control
group (19.619 ng/ml with P-value 0.001). Our results failed to find any correlation between ADHD symptoms
severity and salivary cortisol levels. Severity of delinquent, aggressive, and externalizing behaviors of ADHD children
positively correlated with cortisol salivary levels.

Conclusion: Salivary cortisol levels are lower in children with ADHD relative to age- and sex-matched healthy
controls. In addition, there is no obvious correlation between severity of ADHD symptoms and basal salivary cortisol
levels. We also concluded that there is positive correlation between delinquent, aggressive, and externalizing
behaviors in children with ADHD and their basal salivary cortisol levels.
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Background
It is widely accepted that the cause of attention-deficit hyper-
activity disorder (ADHD) is multifactorial, including both
biological and environmental factors. One of the biological
determinants of ADHD is the hypothalamic-pituitary-
adrenal (HPA) axis dysregulation. Low basal cortisol levels
and abnormal diurnal cortisol rhythms have been reported
in patients with ADHD. The low levels may be attributed to
the under-arousal probably causing several of the key symp-
toms of ADHD [1].

A diversity of experiences may lead to childhood aggres-
sion. Accumulating experimental evidence indicates that
stress in early life is a major risk factor for the develop-
ment of pathological aggression [2]. Stress in early life can
happen in several ways such as early social deprivation or
being exposed to neglect, trauma, or abuse. Moreover, im-
paired social skills have been related to childhood aggres-
sion as well; children that are unable to adapt to their
social environment can behave in an aggressive way [3].
Structural and functional variations in the brains of people
subjected to maltreatment have been identified in several
studies [4]. Neuroendocrinal disturbance is one of the bio-
logical determinants of childhood aggression. Lower levels
of basal cortisol were found in longitudinal studies as a
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predictor of aggression or as a marker for severe and con-
tinuous aggression [5–7].
McBurnett et al. [7] studied the association between

plasma cortisol levels and aggression in children aged 7
to 12 and found that low cortisol levels were linked to
aggressive patterns and early onset of aggression in male
children.
Callous-unemotional traits are believed to increase risk

for aggression through diminished amygdala responsive-
ness to distress cues. Low cortisol reactivity is thought
to increase the likelihood of aggression by lowering
arousal, but this effect can only be seen in boys. Cortisol
reactivity moderated the relationship between CU traits
and aggression, with a significant association in the pres-
ence of low cortisol reactivity and a minor and non-
significant association in the presence of high cortisol re-
activity. The combination of a deficiency in inhibitory
processes linked to CU characteristics and low cortisol
reactivity raises the risk of childhood aggression, with
this effect predominantly affecting boys [8].
Study of cortisol levels in patients with ADHD in

correlation with aggressive behaviors associated with
ADHD has received limited research attention. The
present study aimed to correlate basal cortisol levels in
ADHD children to severity of their symptoms and to se-
verity of their associated aggressive behaviors. We hy-
pothesized that cortisol levels in children with ADHD
correlated to severity of the aggressive behavior associ-
ated with ADHD.

Methods
Study design and site of the study
This is a cross-sectional comparative study. We re-
cruited cases from the Child Psychiatry Clinic, Okasha
Institute of Psychiatry, Ain-Shams University Hospitals.

Participants
The sample consisted of a patient group and a control
group. The number of required cases was estimated by
an expert statistician (using Epi Info program) according
to power of calculation with statistical power of 80% and
statistical significance defined at 0.05 [9] and based on
similar studies carried out by McBurnett et al. [7] and
Kariyawasam et al. [6]. The control group was a conveni-
ent sample recruited during the period of the study
conduction.
Participants were recruited over a period of 6 months

from January to June 2017. One hundred fifty-two patients
and 92 controls were examined for eligibility; out of these,
140 patients and 86 controls were confirmed eligible; the
salivary cortisol samples of 11 patients and 6 controls ei-
ther got lost or damaged in the lab, and hence, they were
excluded from the study, leaving us with 129 patients and
80 controls, with 0.6 controls per case.

The patient group consisted of newly diagnosed un-
medicated children with ADHD—according to DSM-IV-
TR—ranging from 6 to 12 years old of both sexes. Exclu-
sion criteria were (i) below average IQ, (ii) presence of
comorbid psychiatric disorders rather than disruptive
behavior disorders, (iii) presence of chronic medical ill-
ness, and (iv) receiving steroid-containing medications.
The children in the control group were healthy and gen-
der- and age-matched children selected from siblings of
patients attending the clinic.

Procedures
After receiving the approval of Faculty of Medicine, Ain
Shams University Research Ethics Committee under li-
cense number FMASU 1473/2013, the study proper was
carried as described below:

1. We obtained a written informed consent from the
guardians of both patients and controls involved in
the study.

2. The guardians of children of both groups
completed the socioeconomic status scale. It
consists of 7 domains: Family, Economic,
Occupation, Health care, Education and cultural,
Family possessions, and Home sanitation. The total
score is 84 with a higher score indicating better
socioeconomic status. Scores were categorized into
very low, low, middle, and high levels [10].

3. Each child of the patient group as well as the
control group was subjected to the following:

i) Detailed history taking and full general examination
for exclusion of any medical condition that might
interfere with the process of the study.

ii) IQ was assessed using the Wechsler Intelligence
Scale for Children-Arabic version (WISC) to ex-
clude children with below average IQ. It assesses
the cognitive and intellectual capabilities. It com-
prises 6 verbal and 5 performance subsets. Scoring
comprises performance IQ, verbal IQ, and total IQ
[11, 12].

iii) Psychiatric assessment using the Mini International
Neuropsychiatric Interview for Children-Arabic ver-
sion (M.I.N.I. Kid) to exclude any psychiatric mor-
bidity in the control group and to confirm the
ADHD diagnosis and exclude psychiatric comorbid-
ities rather than disruptive behavior disorders in the
patient group. It involves closed-ended questions
reframing the ICD-10 and DSM-IV criteria [13, 14].

iv) A sample of saliva was obtained at a fixed time (9
am) in both groups to estimate single-point concen-
trations of salivary cortisol. Estimation of cortisol
level in saliva was done using standardized
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radioimmunoassay technique in the labs of National
Research Centre, Cairo.

4. The Conners’ Parent Rating Scale-Revised-Arabic
version; Long Version (CPRS-R-L) was completed
by guardians of children in patient group for assess-
ment of the severity of ADHD symptoms. The
questionnaire consists of eighty items scoring the
parents’ description of their child’s behavior during
the previous month [15, 16].

5. The Arabic version of the problem scale of the
Child Behavior Checklist for ages 4–18 (CBCL 4–
18) was completed by the guardians of children in
patient group for assessment of the associated
aggressive and externalizing behaviors. In the
current study, we used only the problem scale
which is a questionnaire of one hundred and
eighteen items. The questions are divided into nine
dimensions which are summated altogether to give
(1) externalizing problem and (2) internalizing
scores and a (3) total score [16, 17].

6. Statistical analysis was done using the Statistical
Package for Social Sciences (SPSS), version 16.
Results were tabularized, assembled, and statistically
analyzed using mean and standard deviation (SD)
for parametric numerical (quantitative) data, and
Spearman correlation test (r) for assessing the
correlation (direction and power) of quantitative
variables. A p value of < 0.05 was deemed
significant statistically.

Results
Demographic data
The clinical sample of this study consisted of two groups;
a case group consisting of 129 children diagnosed as hav-
ing ADHD according to DSM-IV-TR and a control group
consisting of 80 age- and sex-matched healthy children.
Ninety-nine children (76.75%) of the ADHD group were
males and 30 were females (23.25%); meanwhile, 58 chil-
dren (72.5%) of the control group were males and 22 chil-
dren (27.5%) were females. There was no statistically
significant difference between the two groups regarding
gender distribution (p value = 0.49).
The mean age of the ADHD group was 8.21 (±2.4)

and the mean age of the control group was 8.5 (±1.2).
There was no statistically significant difference between
the two groups regarding age (p value = 0.2).
As regards socioeconomic class, 5 (3.875%) of the

ADHD group were of very low socioeconomic class, 68
(52.713%) were of low class, 56 (43.41%) children were
of moderate class, and no one of the children belonged
to high socioeconomic class. Regarding the control
group, 5 (6.2%) were of very low socioeconomic class, 40

(50%) were of low class, 32 (40%) children were of mod-
erate class, and only 3 (3.8%) of the children belonged to
high socioeconomic class. There was no statistically sig-
nificant difference between the two groups regarding so-
cioeconomic class (p value = 0.13).

ADHD symptoms’ profile in the case group
Assessment of ADHD symptoms in the case group was
done using the Arabic Conner’s Parent Rating Scale; long
version revealed that there were significant problems in
the following domains: Oppositional (mean score = 70);
Inattention (mean score = 79.5); Hyperactivity (mean
score = 76.5); ADHD index (mean score = 77.8); global
index: Restless-Impulsive (mean score = 73.8); global
index: Emotional liability (mean score = 73.2); global
index: total (mean score = 74.6); DSM-IV: Inattentive
(mean score = 79.3); DSM-IV: Hyperactivity-Impulsive
(mean score = 74.3); and DSM-IV: Total score (mean
score = 73.8). Regarding the social problems domain,
there were just mild problems which indicate mild affec-
tion of self-esteem and confidence as well as affection of
relationship with peers. Meanwhile, the Anxiety-Shyness,
Perfectionism, and Psychosomatic domains were within
normal ranges.

Behavioral problems in children with ADHD
Assessment of behavioral problems in children with
ADHD using the problem scale of the Arabic version of
Child Behavior Checklist (CBCL) for ages 4–18 revealed
the presence of significant attention problems (mean
score = 72.52), significant externalizing problems (mean
score = 65.78) which indicates significant presence of
negative behaviors that are directed toward the external
environment, and borderline range of aggressive behav-
iors (mean score = 67.02).

Levels of salivary cortisol in children with ADHD and
healthy controls

� Comparison between children with ADHD and
healthy children regarding levels of salivary cortisol
revealed that children with ADHD exhibit lower
levels of salivary cortisol (11.826 ± 11.5655) than in
healthy controls (19.619 ± 14.3706). This difference
of levels of salivary cortisol is statistically significant
as shown in Table 1.

Correlation between salivary cortisol level and severity of
ADHD symptoms
On examining the correlation between salivary cortisol
levels and severity of ADHD symptoms in the ADHD
group as assessed by Conner’s Parent Rating Scale, there
was no statistically significant correlation between
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salivary cortisol levels and any of the 14 domains of
Conner’s Parent Rating Scale as shown in Table 2.

Correlation between salivary cortisol level and behavioral
problems in children with ADHD

� On examining the correlation between salivary
cortisol levels and behavioral problems in the
ADHD group as assessed by the problem scale of
the child behavior checklist for ages 4–18, there was
statistically significant correlation between salivary
cortisol levels and delinquent behavior, aggressive
behavior, and externalizing problems as shown in
Table 3.

Discussion
The current study was designed to explore the cortisol
level in ADHD children and their correlates to severity
of symptoms and associated aggressive behaviors in
those children.
The data about salivary cortisol reported in the current

study indicates that ADHD subjects have statistically sig-
nificant lower salivary cortisol (11.826 ng/ml) level when
compared to age- and sex-matched control subjects
(19.619 ng/ ml with P-value 0.001). This finding is con-
troversial in different studies and we will elaborate some
examples of those studies. Our results failed to find any

correlation between severity of ADHD symptoms in the
children of the case group with their salivary cortisol
levels.
Three distinct reasons for the low levels of cortisol in

ADHD children can hypothetically be established. First,
they may demonstrate a diurnal curve that is displaced,
indicating that at the normal time of the morning peak,
maximum levels have either been passed or not reached.
There is some support from a small-scale (no.= 13) re-
search on adults for such a theory, indicating a phase
delay in people with ADHD [18]. In our study, the low
morning levels can be explained by a late morning peak.
Second, an increase in the secretion of glucocorticoids

due to environmental factors for example early childhood
psychosocial adversity or perinatal stress is likely to have
an adverse impact on the development of brain networks
in genetically susceptible children, which may explain the
dysregulation of the HPA axis resulting in deficits in
arousal regulation and the development of externalizing
symptoms of ADHD as a result. Third, certain genetic or
environmental circumstances may lead to ADHD symp-
toms as well as low activity of the HPA axis [19].
Studies with similar results included Susman et al. [20]

who originally observed a normal diurnal pattern of cor-
tisol in only 43% of ADHD children, indicating that in
most children with ADHD the HPA axis is dysregulated.
In other studies, cortisol awakening response was found

Table 1 Comparison of levels of salivary cortisol between children with ADHD and healthy controls

Cases
n.=129

Control
n.=80

P
value

Significance

Mean SD Mean SD

Salivary cortisol levels 11.826 11.5655 19.619 14.3706 0.001 Significant

Table 2 Correlation between salivary cortisol levels and scores of Conner’s Parent Rating Scale in the ADHD group

Correlation between Conners’ domains with salivary cortisol levels R value P value Significance

Opposition 0.047 0.61 Non-significant

Inattention −0.039 0.68 Non-significant

Hyperactivity 0.109 0.24 Non-significant

Anxiety-Shyness −0.116 0.22 Non-significant

Perfectionism −0.09 0.34 Non-significant

Social problems −0.005 0.96 Non-significant

Psychosomatic −0.073 0.44 Non-significant

Conners’ ADHD index −.031 0.74 Non-significant

Conners’ index: Restless-Impulsive 0.108 0.25 Non-significant

Conners’ index: Emotional lability 0.061 0.51 Non-significant

Conners’ index: total 0.076 0.41 Non-significant

DSM-IV: Inattentive 0.000 0.99 Non-significant

DSM-IV: Hyperactivity-Impulsive 0.102 0.28 Non-significant

DSM-IV: Total 0.111 0.23 Non-significant
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to be lower in ADHD children when compared to a con-
trol group [21, 22].
A study by Isaksson and his group in 2012 found that

compared to non-affected comparisons, children with
ADHD had significantly lower levels of salivary cortisol.
ADHD drugs and gender did not affect the cortisol
levels. Cortisol levels were not affected by the co-
occurring symptoms or the ADHD subtype within their
study population. The symptoms of ADHD severity de-
gree in the study group was not correlated with cortisol
levels [1].
Isaksson and colleagues [23] tested salivary cortisol in

197 ADHD children and 221 controls using radio-
immunoassay in a subsequent study. They found that sal-
ivary cortisol levels were considerably lower in ADHD
children relative to the control group at awakening and 30
min after awakening. This may be because there is a dis-
torted circadian rhythm associated with ADHD. A differ-
ent finding to ours is that a negative correlation was
documented between symptoms of ADHD and levels of
cortisol at awakening and 30 min after awakening [23].
In accordance with our results, Hastings and col-

leagues [24] did not find any association between symp-
toms of ADHD and awakening levels of cortisol in their
analysis of salivary cortisol in 170 ADHD children.
In addition, a recent Egyptian study comparing morn-

ing and bedtime salivary cortisol showed that the levels
of cortisol in samples collected at bedtime of patients
with ADHD were lower significantly compared to those
of the control group with no statistically significant dif-
ference detected at the morning sample [25].
Hypothetically, a correlation between a HPA axis that is

downregulated and ADHD fits hypotheses that consider
ADHD as a consequence of under-arousal. The optimal
stimulation hypothesis is one such theory, which indicates
that ADHD presentations may be considered as manifes-
tations of over activity aimed at stimulating arousal for ex-
ample through taking risks, aggressive behavior, talking,
attention shifting, or stimulation seeking [1].
Three related neuropsychological mechanisms were

proposed: fight or flight, sensitivity to reward (facilitated
through “behavioral activation system” the BAS), and
sensitivity to punishment (facilitated through “behavioral
inhibition system” the BIS). Individuals vary in accord-
ance to this theory: some are usually inclined to seek in-
centives (high BAS), while others are highly motivated to
resist punishing stimuli (high BIS). BIS activity triggers

the termination of recurrent behavior, focuses the atten-
tion of the organism on environmental cues, and raises
the physiological unspecific arousal [26].
It is argued that BIS functional impairment contributes

to hyperactivity/impulsivity symptomatology of ADHD
in addition to neurocognitive deficits in motor fluency,
control of emotions and verbal and visual working mem-
ory [27].
Low cortisol levels in ADHD whether at baseline or in

conditions of psychological stress can be due to an un-
deractive BIS. It is proposed that impaired BIS activity is
rather unique for the predominantly hyperactive/impul-
sive subtype or the combined subtype of ADHD [27].
One hypothesis arising from this theory is that in these
two subtypes, but not in the primarily inattentive form
of ADHD, abnormalities should be observed in HPA axis
activity.
Other studies have described more levels of morning

cortisol in ADHD children, unlike our research [28], and
in boys with hyperactivity/impulsivity [29], while other
research failed to detect any variation in baseline levels
of cortisol between ADHD participants and healthy con-
trols [30–32].
The daily variation of the secretion of cortisol is char-

acterized by the high waking levels, an increase further
in the morning and a gradual decrease in the day till
midnight [33]. The sampling timing may, therefore, be
responsible for the different results between studies. The
different results could also be due to different cortisol
measuring techniques, saliva collection protocols, or
variation within the participants with regard to comor-
bid disorders. In our study, we controlled for the time of
sample collection and comorbid disorders apart from
disruptive behavior disorders.
In the current study, the severity of delinquent, aggres-

sive, and externalizing behaviors of ADHD children were
positively correlated with salivary cortisol levels. A re-
cent British study reported similar findings with a posi-
tive correlation between oppositional defiant and
conduct symptoms in ADHD children with their salivary
cortisol levels [34].
One of the studies examining the relationship between

ADHD, disruptive behavior disorders, and cortisol was
that conducted by Kariyawasam et al. [6]. Compared to
25 healthy controls of similar age and ethnic back-
ground, salivary cortisol was determined in thirty-two
children with ADHD and comorbid oppositional defiant

Table 3 Correlation between salivary cortisol level and behavior problems assessed by CBCL in the ADHD group

Correlation between CBCL (Problem scale) with salivary cortisol levels R value P value Significance

Delinquent behavior 0.173 0.049 Significant

Aggressive behavior 0.226 0.01 Significant

Externalizing problems 0.186 0.035 Significant
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disorder. Salivary cortisol was lower significantly in the
ADHD/oppositional defiant comorbid group compared
to the control group.
If the low activity of the HPA axis and symptoms of

ADHD do in fact stem from common neural deviations,
low activity of the HPA axis may show this deviation at
an early phase and may therefore predict the develop-
ment of ADHD symptoms in the preschool years. Low
activity of the HPA axis may be viewed as an earlier pre-
dictor of the progression of the disorder if this is the
case [18]. Indeed, Salis et al. [35] found that at age 6, a
diminished diurnal salivary cortisol profile indicated a
rise in externalizing symptoms till age 9.
Schloß et al. in 2018 found that at the age of 4 years

low hair cortisol concentration, that is, a low HPA axis
activity incorporated over a period of 3 months, antici-
pated increased symptoms of ADHD in the next 12
months, which was statistically significant only in the
boys not in girls [19].
A 2018 study explored serum cortisol level in children

with attention-deficit/hyperactivity disorder combined
subtype and another group of children with ADHD
combined subtype and comorbid conduct disorder.
Among the study groups, no substantial difference in
serum cortisol levels was observed. A negative correl-
ation was also found between serum cortisol levels and
oppositional defiant behavior scores [36].
Cortisol awakening response (CAR) is the rise in levels

of cortisol of about 50% happening in some individuals
20 to 30 min following morning awakening. A study in
2009 found a blunted CAR in ADHD children with co-
morbid oppositional defiant disorder compared to
ADHD children with comorbid conduct disorder,
ADHD with no comorbidity, and healthy controls [37].
One study measured the diurnal pattern of cortisol in

a group of thirty ADHD children, compared to a psychi-
atric control group consisting of twenty-one children
with autism and a control group of adults. Samples of
saliva were collected in the morning at 2-h periods.
More samples were collected in the afternoon and even-
ing to illustrate the diurnal pattern. The authors found
that most of the children with ADHD (57%) did not ex-
hibit a regular diurnal pattern, while diurnal rhythm ab-
normalities were found in only 10% of adult controls
and 20% of autistic subjects [38].
It was found in a study of male children between 10

and 12 years of age that low levels of cortisol were asso-
ciated with impulsivity and aggression after 5 years [39].
Lopez-Duran et al. [40] evaluated cortisol reactivity in
seventy-three 6 to 7-year-old children and found that
cortisol reactivity was higher in those with forms of re-
active aggression than in children with proactive aggres-
sion or those without aggression [40]. Furthermore,
another study in 2005 found that low levels of basal

cortisol were correlated with callous traits in male ado-
lescents, but this association was not valid in female ado-
lescents. Serum concentrations of cortisol can be
recognized as “emotional reactivity” biomarkers, and
therefore, cortisol levels can potentially aid in predicting
the type of aggression and contribute with diagnosis and
treatment [41].
Consideration of the etiology of HPA pathology and

pediatric aggression is important. Considerable research
has to be done in the future to the disturbed cortisol
pattern in ADHD as a biomarker to support ADHD
diagnosis or to identify certain specifiers.

Conclusions
Children with ADHD exhibit low levels of basal salivary
cortisol in comparison to age- and sex-matched healthy
controls. There is no obvious correlation between sever-
ity of ADHD symptoms and basal salivary cortisol levels.
There is positive correlation between delinquent, aggres-
sive, and externalizing behaviors in children with ADHD
and their basal salivary cortisol levels.

Research recommendations and clinical implications

� Aggression is a common symptom associated with
ADHD and needs to be clinically assessed and
considered while tailoring a management plan.

� ADHD has biological, social, and psychological
determinants. Future research would benefit from
integrating a biopsychosocial model in studying
ADHD.

� Considerable research must be done in the future
regarding disturbed cortisol pattern in ADHD as a
biomarker to support ADHD diagnosis or to identify
certain specifiers.

Limitations

� Randomization sampling technique would have
decreased selection bias.

Generalizability
Selecting the sample from clinic referred patients may
affect the generalizability of our results to the population-
based cases as most of cases attending public clinics suffer
severe symptoms.
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