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Abstract

Background: Attention deficit hyperactivity disorder (ADHD) is an early-onset neurodevelopmental disorder that
can extend into adulthood with multiple reported neuroimaging abnormalities. The focus of this research was to
assess white matter impairments in ADHD children’s fathers with and without potential adult ADHD to see if these
differences are connected with the persistence of ADHD into adulthood.

Results: The occurrence rate of the potential adult ADHD diagnosis among fathers of children with ADHD was
60%. There were statistically significant differences between fathers with ADHD and the non-ADHD population, due
to the fact that the mean FA of the left superior corona radiata and the right posterior corona radiata were lower in
the ADHD group than in the non-ADHD group, while the FA of the ADHD group was significantly greater than that
of the non-ADHD group in terms of the left and right anterior thalamic radiations, the right superior longitudinal
fasciculus and the left anterior corona radiata.

Conclusions: We observed an increased prevalence of ADHD in fathers of children diagnosed with ADHD. Fathers
with potential adult ADHD have a variety of white matter abnormalities that reflect the neurobiological basis of
ADHD, even in sub-threshold cases. This may provide insight into the neuroanatomical locations associated with
the maintenance of ADHD throughout adulthood.
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Background
Around 7.2% of children and adolescents and 2.5% of
adults have ADHD [1, 2]. The incidence of persistent
ADHD symptoms in adulthood varies considerably, ran-
ging from 78 [3] to 40% [4].
Instead of focusing on regional impairments, neuroim-

aging studies in ADHD have turned toward a connectiv-
ity strategy that studies the functional and anatomical
association between brain regions. With this perspective,
the pathophysiology of ADHD is viewed from the per-
spective of organizational dysfunctions of the distributed

network rather than local functional and structural im-
pairments [5].
Diffusion tensor imaging (DTI) is an approach that is

equivalent to magnetic resonance imaging (MRI) that
can be utilized to detect white matter (WM) pathways
by providing information about the diffusion of water
molecules. The fractional anisotropy (FA) is the most
critical index derived from the DTI study. FA is highest
in compact and well-myelinated fibers, whereas low FA
is related to WM degradation [6].
DTI research in ADHD has accelerated in the recent

decade, enabling in vivo investigation of the microstruc-
tural preservation of WM tracts [5].
The few DTI studies available in adult ADHD patients

have shown a decrease in FA in signaling pathways such
as the cingulate tract [7], the inferior longitudinal

© The Author(s). 2021 Open Access This article is licensed under a Creative Commons Attribution 4.0 International License,
which permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give
appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if
changes were made. The images or other third party material in this article are included in the article's Creative Commons
licence, unless indicated otherwise in a credit line to the material. If material is not included in the article's Creative Commons
licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

* Correspondence: olaaufa@gmail.com
1Department of Psychiatry, Faculty of Medicine, Ain Shams University, No. 38
Abbaseya St., Cairo Postal code 11517, Egypt
Full list of author information is available at the end of the article

Middle East Current
Psychiatry

ElShahawi et al. Middle East Current Psychiatry           (2021) 28:58 
https://doi.org/10.1186/s43045-021-00137-1

http://crossmark.crossref.org/dialog/?doi=10.1186/s43045-021-00137-1&domain=pdf
http://orcid.org/0000-0002-9048-404X
http://creativecommons.org/licenses/by/4.0/
mailto:olaaufa@gmail.com


fasciculus (ILF) [8], the superior longitudinal fasciculus
(SLF) [7, 9], and the corpus callosum [10].
Although there is evidence of decreased FA in ADHD

individuals, there is also evidence of elevated FA [11–
13]. Additionally, Tamm et al. 2012 [14] demonstrated
that FA levels were found to be considerably greater in
ADHD in various white matter pathways, such as anter-
ior forceps, the anterior corona radiata, inferior fronto-
occipital fasciculus, and anterior thalamic radiations.
Although there are no longitudinal DTI studies in the

current ADHD literature, FA levels were observed to be
significantly decreased in recurrent and remitted individ-
uals with ADHD compared to normal controls. The cor-
ona radiata, superior longitudinal fasciculus, sagittal
stratum, and retrolenticular internal capsule consistently
exhibit these persistent outcomes [9].
The focus of this research was to evaluate the white

matter features of children’s fathers with and without ex-
pected ADHD in adulthood that may correlate to the
maintenance of ADHD throughout adulthood.

Methods
Study design and participants
This was an observational comparative cross-sectional
study. A suitable sample of children associated with
ADHD was drawn from the child outpatient clinics of the
Institute of Psychiatry Ain Shams University in Cairo,
Egypt, which are localized in the eastern part of the city
and serve roughly a third of bigger Cairo’s population.
The research study enrolled 100 children associated

with ADHD between the ages of 6 and 12 years, as well
as their biological fathers, who fulfilled the DSM-IV cri-
teria for ADHD. A higher occurrence rate of ADHD
symptoms in fathers is to be expected since a high pater-
nal transmission has been approved compared to mater-
nal transmission indicating genomic imprinting [15].
Fathers were excluded if they would have an axis I psy-

chiatric issue, a chronic health disease, or DSM-IV-TR
substance addiction (excluded for nicotine consumption),
or if they had any adverse side effects to MRI (for ex-
ample, metal implants, cardiac pacemaker, or aneurysm
coiling), or if the father refused to sign consent.

Procedure
Children with ADHD had the following tests: The Kiddies
schedule for Affective Disorders and Schizophrenia present
and Lifetime [16] to evaluate children with ADHD. The se-
verity and type of ADHD were confirmed by Conner’s parent
rating scale—revised; long version (CPRS-L) [17].

Fathers who participated in the study done the entire
questionnaires

1- Ain Shams University’s Okasha Institute of
Psychiatry’s psychiatric sheet: Personally identifiable
information, current psychiatric disorder, prior
psychiatric history, family history of psychiatric
conditions, concomitant health issues, and
concomitant therapies are all evaluated.

2- SCID-I, the structured clinical interview for DSM-
IV axis I disorder has been utilized to diagnose any
co-morbid psychiatric disorder [18].

3- The Conners’ adult ADHD rating scale self-report:
long version (CAARS-S: L) [19] is a multimodal
evaluation tool for adults with ADHD symptoms
and behaviors. We used the self-assessment version
of this tool which has 66 items.

4- Tractography using diffusion tensor imaging (DTI):
All children’s fathers were examined utilizing a 1.ST
scanner (Achiva Philips). The signal strength was
received using an S-channel head coil. The
diffusion-weighted spin-echo EPI sequence used in
the DTI was a single-shot diffusion-weighted spin-
echo sequence (TR/TE, 8000/68.7 ms; parallel im-
aging [array special sensitivity encoding technique]
with a factor of two; matrix, 80 × 78; FOV, 22 cm;
section thickness, 2 mm; 50 continuous sections).

Statistical analysis
Offline processing and analysis of DTI data were con-
ducted. The data has been loaded into the software
package so that we select the regions of interest. Regions
of interests (ROIs) were placed over the presumed ana-
tomical regions. Tractography was performed to isolate
the suspected tracts based on a specific ROI for each
tract bilaterally (anterior corona radiate (ACR), posterior
corona radiate (PCR), superior corona radiata, superior
longitudinal fasciculus (SLF), middle cerebellar peduncle
(MCP), anterior thalamic radiation (ATR)). Fractional
anisotropy was the parameter used to compare between
groups. FA denotes the ratio of parallel to axon water
diffusion to perpendicular to axon water diffusion. It is
the most frequently utilized index, reflecting fiber tracts’
directional and continuous nature [20].
The statistical tool SPSS (Statistical Package for the

Social Sciences) version 25 was used to organize and
enter the data. In quantitative data, the mean, standard
deviation, median, minimum, and maximum were calcu-
lated; in categorical data, the frequency (count) and rela-
tive frequency (%) were calculated. The Kruskal-Wallis
and Mann-Whitney tests were used to make non-
parametric comparisons between numerical variables.
To evaluate categorical data, the chi-square (c2) test was
used. When the predicted probability is less than 5, an
appropriate test was employed. P values (less than 0.05)
indicates a significant difference.
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Results
Participants’ socio-demographic and clinical features
The present study recruited 100 children with ADHD
and their biological fathers. Regarding children, their
mean age was 9.8 (+1.6), 95% were males, the majority
(75%) attended public school, 80% were already taking
medication, and the majority had mixed types of ADHD
(85%). Concerning fathers, their mean age was 44.3
(+5.78) years, only 20% received high education, another
20% received primary education, and the remaining 60%
received secondary education. Most of them (85.0%)
were married and employed (85.0%).

The prevalence of adult ADHD in fathers
When fathers were rated on the Conners’ Adult ADHD
rating scale, 60% of them had potential adult ADHD
(50% of them had mixed inattentive-hyperactive type,
25% inattentive type, and 25% hyperactive-impulsive
type) (Table 1).

Comparison between fathers with potential adult ADHD
and fathers without as regards age and educational level
There were no statistically significant variances in age or
educational level between fathers with and without po-
tential adult ADHD.

Comparison between fathers with potential adult ADHD
and fathers without as regards results of diffusion tensor
imaging (Table 2) “shown in Fig. 1”
There were statistically significant variances between the
ADHD group of fathers and the non-ADHD group, as
the ADHD group’s mean FA of right PCR and left SCR
was lower than the non-ADHD group’s. While we ob-
served a statistically significant increase in the FA of bi-
lateral ATR, bilateral ACR, and right SLF in ADHD
fathers compared to non-ADHD fathers.

Discussion
This research is noteworthy because of the assumption
that the behavioral and the cognitive elements of ADHD
are quite well recognized. However, the ADHD neuro-
biological substance must be studied. Therefore, the

populations studied were fathers with potential ADHD
who did not seek medical advice and were functioning;
this enabled us to study brain structural abnormalities
which could play an essential role in ADHD pathophysi-
ology. These areas might serve as a trait marker for adult
ADHD, or could be anatomical sites for the persistence
of ADHD into adulthood.
Gray matter assessment studies in ADHD showed cor-

tical abnormalities and maturation delays in certain pre-
frontal cortex areas in individuals with ADHD [21].
However, the significance of aberrant white matter
(WM) advancement in ADHD remains relatively ob-
scure [5]. Although in ADHD individuals, the volume
decreases recorded in WM are larger than that in a gray
matter [22].
The present study showed that 60% of fathers of

children were diagnosed with potential adult ADHD
using Conners’ adult ADHD rating scale (50% of
them had mixed inattentive-hyperactive type—25%
predominantly, inattentive type—25% predominantly,
hyperactive-impulsive type) (Table 1). However, none
of the fathers with potential adult ADHD sought
medical advice or received treatment. This may be re-
lated to the nature of their occupation and the fact
that 80% did not receive a college education. Cur-
rently, the incidence of ADHD among paternal adults
is 60%, which corresponds to the findings of Smalley
et al. and Starck et al. [23, 24], who reported that the
adult ADHD prevalence rate among fathers of ADHD
children was 55% and 56% respectively. On the con-
trary, several studies [15, 25, 26] showed that ADHD
in fathers was 41%, 45.8%, and 2.6%, respectively.
These findings could be attributed to various diagnos-
tic procedures, information sources, and social and
cultural characteristics (sex, ethnicity, population type,
residence place, socioeconomic level, and sample
type). However, the occurrence of this variable re-
mains high. Therefore, screening for paternal ADHD
is important to be integrated into clinical settings, as
this affects family function, child therapy outcome,
and family therapy as well [27].
Regarding the white matter abnormalities findings,

there were marked differences in DTI results between
fathers with and without potential adult ADHD with a
statistically significant decreased mean FA of right PCR
and left SCR in the ADHD group suggesting the pres-
ence of deficits in those areas. It is well-known that
these areas support the cognitive and perception part of
the motor cortex [28].
The few available studies on the results of DTI in pa-

tients with ADHD have shown quite heterogeneous re-
sults. The comparability of ROI experiments can be
reduced, considering the subjective recruitment and se-
lection process of ROIs [5].

Table 1 According to Conners’ adult ADHD rating scale, the
prevalence and type of ADHD in fathers

Count %

ADHD (fathers) No ADHD 40 40%

ADHD 60 60%

Type of ADHD (fathers) 5- Inattentive 15 25%

6- Hyperactive 15 25%

7- Combined 30 50%
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Table 2 Comparison between fathers with the diagnosis of potential adult ADHD vs. those without potential adult ADHD as regards
to findings of DTI

Diffusion tensor imaging (DTI)
Fractional anisotropy (FA)

All fathers (n = 100) Test P value

ADHD fathers (n = 60) Non ADHD fathers (n = 40)

Average mean SD Median Mean SD Median

Right anterior corona radiata .35 .05 .34 .34 .13 .38 2.472 0.013*

Left anterior corona radiata .37 .02 .38 .29 .12 .34 4.411 < 0.001**

Right anterior thalamic radiation .48 .05 .48 .40 .16 .43 3.175 < 0.001 **

Left anterior thalamic radiation .50 .03 .51 .39 .15 .43 7.055 < 0.001 **

Right superior longitudinal fasciculus .44 .04 .45 .43 .04 .41 2.646 < 0.008 *

Left superior longitudinal fasiculus .49 .02 .49 .50 .04 .51 1.411 0.158

Right posterior corona radiata .41 .06 .40 .44 .06 .47 3.970 <0.001

Left posterior corona radiata .43 .06 .42 .42 .08 .42 .265 0.791

Right middle cerebellar peduncle .46 .09 .45 .45 .07 .45 1.058 0.290

Left middle cerebellar peduncle .48 .07 .49 .48 .06 .45 .882 0.378

Right superior corona radiata .46 .03 .46 .45 .02 .46 1.587 0.112

Left superior corona radiata .45 .03 .45 .49 .03 .48 5.115 < 0.001

Non-parametric Mann-Whitney test
*P value less than 0.05 is considered significant
**P value less than 0.001 is considered highly significant
P value greater than 0.05 is considered non-significant

Fig. 1 Axial color map images with a drawing showing ROIs used for different tracts. (A) anterior corona radiata, (B) superior corona radiata, (C)
posterior corona radiate, (D) superior longitudinal fasciculus, (E) anterior thalamic radiation, (F) middle cerebellar peduncle
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Our results partially reproduce those of Bouzianea et al.
[29] who found reduced FA in the anterior and superior
areas of CR in the adult ADHD group without previous
medication treatment. The decreased FA agrees with mul-
tiple previous studies in adult ADHD [9, 10, 30].
The reduced FA may be a persistent indication of

whether or not individuals have ADHD symptoms in
adulthood with ADHD [9].
Interestingly, we found a statistically higher FA of bi-

lateral ACR, bilateral ATR, and right SLF in the ADHD
group of fathers than the non-ADHD group.
Although ADHD mostly had decreased FA, there are

also signs that the greater FA of some tracts of white
matter is in keeping with our findings [11–13]. Add-
itionally, Tamm et al. [14] observed an elevation in FA
in the ACR, anterior forceps, uncinate fasciculus, inferior
fronto-occipital fasciculus, and ATR in individuals with
ADHD.
We can explain this finding with the following possi-

bilities: Firstly, high FA reflects a high directed diffusion
consistency, and is linked to the reduced neuronal
branching in individuals [5]. Secondly, this finding could
reflect the compensatory mechanisms similar to those
observed in patients with a stroke who exhibited en-
hanced FA in axonal regeneration or chronic remyelina-
tion and healing-related gliosis [30]. Thirdly, one study
indicated that enhanced FA in children and teens with
ADHD is attributable to higher axial and less radial dif-
fusivity in the WM pathways, demonstrating relative
axonal integrity in these locations, but a reduction in
neuronal branching [11].
Additional research is required to contrast the findings

of white matter abnormalities with genetic evidence re-
garding the pathophysiology of ADHD persistence into
adulthood [31].
Previous results of FA in parents with potential adult

ADHD may point to areas involved in the pathogenesis
and genetics of ADHD.

Conclusions
Our study’s findings indicated a high frequency of
ADHD in fathers of ADHD-related children. In fathers
of children with ADHD, there have been varying alter-
ations in WM, either in the manner of reduced or ele-
vated FA of various white matter tracts, which may have
an etiopathogenic impact on the maintenance of ADHD
into adulthood.

Limitations
When interpreting the results, there are some important
points to consider: First, the limited sample size may re-
strict the generalizability of these findings, making it
critical to replicate the work on a larger group of indi-
viduals to determine the importance of specific findings.

Second, fathers were diagnosed as potential adult ADHD
according to CAARs. Furthermore, we need a whole
white matter assessment to reach a full conclusion about
the white matter changes in this group. Additionally, we
must establish a correlation between these alterations
and the clinical and cognitive phenotypes of ADHD.
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