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ABSTRACT

Objectives: Bipolar and ADHD are two diseases that exhibit similar traits but at different levels of severity. Understanding this

behavior can help treatment of these disorders.

Method: We hypothesize that there is a common partial genetic cause for both attention-deficit/hyperactivity disorder (ADHD)

and bipolar disorders (BD), which is the reversal function of the dopamine neurotransporter DAT gate (see Figure 1) into an

efflux mode. We analyze the dopamine chemistry in the neuron synapse under this assumption.

Results: The difference between ADHD and BD phenotypes is due either to the dopamine receptor (D2R) operation or to the
threshold levels of the dopamine homeostatic control and the intensity of its operation.
Significance: The common cause of the two disorders could explain the frequent phenomenon of ADHD symptoms preceding

BD beginning and the high comorbidity between these disorders.

1 | Introduction

Bipolar disorder (BD) is a mental health disorder that causes
periods of ups and downs in a person's mood, with possible
“euthymia” or normal behavior periods, interspersed. The “up”
times can be severe and are referred to as mania, or less severe
episodes are referred to as hypomania [1]. During the “down”
(depression) times, the person has a negative outlook on life, and
the risk of suicide is increased [1]. This disorder occurs in ~1%
of the population worldwide and causes morbidity and possible
increased mortality.

ADHD is an abundant neurodevelopmental disorders affect-
ing ~370 million adults worldwide and ~20 million individuals
(5.2% of the adult population) in the USA [2]. According to the
DSM-5 Diagnostic Criteria [3], there are three types of syn-
dromes of ADHD sufferers: predominantly Inattentive Type
(PIT), predominantly Hyperactive/Impulsive Type (PHT), and
a Combined Type.

For many years, the changing concentrations of the organic
chemical Dopamine (DA) have been recognized as a possible
cause of BD [4, 5] and of ADHD [6]. DA has a major influence
on a person's moods; for example, it is well known that during
the manic episodes of BD, brain DA concentrations are elevated,
while during the depression episodes, they are reduced [7].
Moreover, medications blocking dopamine receptors are used to
treat manic symptoms.

2 | The Hypothesis

1. The regular function of the DAT neuro-transporter gates
is to transfer dopamine molecules from the extracellular
space (ES) into the neural synapses from which they have
previously emerged (Figure 1). However, under substance
misuse, this function reverses. Instead of “reuptake” where
the dopamine molecules are transferred from the ES into
the synapse, it drives them out of the synapses and into
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the ES. This procedure is called “efflux.” The DAT func-
tionality direction also reverses in pathological situations
of genetic mutations. This reversal is called anomalous ef-
flux of dopamine (ADE). Several mutations are known to
reverse the DAT function, for example, the hDAT coding
A559V variant [9, 10]. This feature was observed in behav-
ioral phenotypes of knock-in animal models ([11]; see also
the review and model observations of Mayer et al., 2023,
[12]). Other mutations exhibiting this phenomenon are
the T356M and the D421N variants [13]. This pathological
DAT operation [13] is also notorious for supporting a sig-
nificant impact of ADE in vivo [14]. We believe that muta-
tions leading to DA efflux [9, 15-17], have the potential to
cause both bipolar disorder and ADHD.

2. Once ADE occurs in the brain, the brain detects a surplus
of extracellular dopamine (eDA) concentration, and the
D2R control mechanism (Figure 1) starts to operate [18].
It inhibits the manufacture of DA in the relevant neu-
ron, leading to a lower number of DA molecules leaving
its synapse, both from vesicles (one vesicle is simulated in
Figure 1 by a white sphere) and the DAT efflux. This pro-
cess can cause a drop in eDA to even below-normal levels.
Such low levels are detected in the brains of some ADHD
sufferers [19].

3. The normal dopamine (DA) balance in the brain is partly
maintained by a homeostasis system controlling DAT and

normal
efflux

FIGURE 1 | Main dopamine (DA) processes, in and out of a dopa-
minergic synaptic terminal. DA is chemically created in the DCU sec-
tion and can emerge from the vesicle (the white sphere) on a cue from
the brain system. The extracellular dopamine (eDA) can alter a person’s
mood and behavior. Normally, part of it is reabsorbed by the synapse
through the DAT operation, and another part of DA is removed directly.
Excess extracellular (eDA) concentrations open a D2 receptor operation
limiting both DA production and vesicular DA exit. Adapted from [8].
cDA, cytoplasm dopamine; DA, dopamine; DCU, dopamine creating
unit; eDA, extracellular space dopamine; e, efflux; n-normal; vDA, ve-
sicular dopamine.

guiding the intensity and duration of DA presence, either
by phosphorylation [20] or by Kinase-dependent [21] reg-
ulation. If the extracellular dopamine, eDA, concentration
increases above a certain threshold (upper threshold, UT),
this system upsurges the DAT operation, bringing a cur-
rent of DA back into the neural synapses (see Figure 1) and
thus lowering the eDA level. On the other hand, if the eDA
level decreases below a different threshold (lower thresh-
old, LT), the system induces the DAT neuro transporters
to close, leading to a gradual eDA increase. This control
is carried out by proteins linked to DAT that regulate its
distribution, functional properties, and modulation by psy-
chostimulants [22, 23].

An unwanted positive feedback process occurs under a
reversed (ADE) DAT operation: If the eDA level increases
above the UT, the control system would still drive the
DAT gates to open, leading to even more DA efflux from
the synapses by the transformed DAT openings, causing
an even higher eDA level, etc. An inverse positive feed-
back procedure would occur for situations in which the
eDA level drops below the LT. There, closing the DAT
gates would eventually lead to lower and lower eDA
levels.

. We assume that in both ADHD and bipolar disorders

(BD), the mechanism of the DAT gates is partially or fully
genetically damaged, in that their function is reversed;
instead of returning the DA into the neuron, they operate
to drive DA out of it (abnormal dopamine efflux, ADE).
Incidentally, this common cause of the two disorders
could explain the well-known fact that ADHD symptoms
frequently precede BD inception [24, 25] which starts at
a later stage in life, and the high comorbidity between
these disorders [26].

The difference between these disorders can partly be in
the high (UT) and low (LT) levels of eDA, which induce
the homeostasis apparatus to step in. We contend that
these levels are much further apart in some ADHD types
than in the BD syndrome (see Figure 2). Thus, while peo-
ple with ADHD can remain euthymic with a broad range
of eDA, it is relatively easy for a BD patient to step out of
this state into either a manic or a depressive one under
the operation of the positive feedback system. See also
item 6 below.

. The psychostimulant drugs, for example, Methylphenidate

(Ritalin) and Amphetamine, are used as therapies for
ADHD. Their influence is carried out by directly inhibit-
ing dopamine transporters (DAT). This fact supports the
assumption of “efflux” (ADE) as the cause of the disorder
since restricting DAT reduces the efflux and also the re-
versed function of the homeostatic feedback control of this
gate, and thus resolves the “paradox” of using “stimulants”
to treat ADHD [27].

. As mentioned above, according to the DSM-5 Diagnostic

Criteria, there are three types of syndromes of ADHD
sufferers: predominantly Inattentive Type (PIT), pre-
dominantly Hyperactive/Impulsive Type (PHT), and a
Combined Type. We assume that, like in BD, in people
with ADHD, the DAT gates operate (partly or fully) under
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FIGURE2 | A schematic chart of possible DAT regulation upper and
lower thresholds for ADHD and bipolar disorders for regular and co-
morbid patients. Dopamine levels are shown relative to these thresh-
olds for stationary states of all types of these disorders. BD,; and BDy,,
possible dopamine levels of the manic and depressive bipolar stages;
Combined,; and Combined, , possible dopamine levels of the high and
low stages of the combined ADHD type; PHT and PIT, possible dopa-
mine levels of the comorbid stages of these types; PHT and PITy, possi-
ble dopamine levels of regular (not comorbid with the bipolar disorder)
stages of the predominantly Inattentive Type (PIT) and the predomi-
nantly Hyperactive/Impulsive Type (PHT) types.

the ADE mode, but either the (UT — LT)-range or the DAT
homeostasis feedback is different. We reckon that in the
first two ADHD types (PIT and PHT), the range mentioned
above is much broader than BD's, letting ADHD of these
types stay “euthymic”, at higher (PHT) or lower (PIT) do-
pamine levels, without resorting to the homeostasis feed-
back machinery. These levels can be obtained “merely”
by the D2R controlling system regulation intensity. Thus,
suppose enough membrane-associated DAT gates are oper-
ating in the efflux mode. This should lead to a high level of
eDA. The D2R can regulate this level in varying intensities,
leading to a steady state of a low or high eDA level, and the
first two syndromes (Figure 2).

On the other hand, the Combined syndrome is possibly
a mild version of BD where the range (UT — LT) is ex-
ceeded, and the homeostasis regulation of DAT is initiated.
However, the homeostasis positive feedback loop is weak,
and the two final eDA levels are not as extreme as in the
BD case (Figure 2).

We, therefore, assume that the comorbidity of ADHD with
BD can be more pronounced in the Combined Type of the
former disorder.

Figure 2 schematically depicts our hypothesis. The difference be-
tween the dopamine levels of the ADHD types is emphasized.
Thus, the dopamine levels of people, while being in the comorbid
BD-ADHD stage, are still in the euthymic BD range. PHT and
PIT patients, not in comorbidity with BD, can have a larger dopa-
mine range. Dopamine levels of people of the combined type can
reside outside of their (UT — LT)-range (not necessarily the same
as the range of the other types, which is the one shown here).
Still, all ADHD dopamine levels. including those of the combined
type, are assumed to be less extreme than the BD's. Therefore,
ADHD patients show much milder symptoms than BD patients.

In conclusion, our assumption that bipolar and ADHD disor-
ders have a common cause, the reversal function of the DAT
gate, could explain their comorbidity and help their treatments.
Evidently, being a novel idea, to be valid, our hypothesis should
be experimentally verified. We urge experimentalists to inves-
tigate this possibility by comparing the DAT function in people
with and without these disorders.

Acknowledgements

The authors have nothing to report.

Conflicts of Interest

The authors declare no conflicts of interest.

Data Availability Statement

The data that support the findings of this study are available from the
corresponding author upon reasonable request.

References

1.I. M. Anderson, P. M. Haddad, and J. Scott, “Bipolar Disorder,” BMJ
345 (2012): 8508, https://doi.org/10.1136/bmj.e8508.

2. A. F. Pagan, Y. P. Huizar, T. R. Short, Z. Gotcher, and A. T. Schmidt,
“Adult Attention-Deficit/Hyperactivity Disorder: A Narrative Review
of Biological Mechanisms, Treatments, and Outcomes,” Current Neu-
rology and Neuroscience Reports 23 (2023): 451-460, https://doi.org/10.
1007/s11910-023-01280-4.

3. L. Dela Pe~na, G. Shen, and W.-X. Shi, “Droxidopa Alters Dopamine
Neuron and Prefrontal Cortex Activity and Improves Attention-Deficit/
Hyperactivity Disorder-Like Behaviors in Rats,” European Journal of
Pharmacology 892 (2021): 173826.

4. A. H. Ashok, T. R. Marques, S. Jauhar, et al., “The Dopamine Hypoth-
esis of Bipolar Affective Disorder: The State of the Art and Implications
for Treatment,” Molecular Psychiatry 22 (2017): 666-679.

5.T. Kato, “Current Understanding of Bipolar Disorder: Toward Inte-
gration of Biological Basis and Treatment Strategies,” Psychiatry and
Clinical Neurosciences 73 (2019): 526-540.

6.S. V. Faraone, “The Pharmacology of Amphetamine and Methylphe-
nidate: Relevance to the Neurobiology of Attention-Deficit/Hyperactiv-
ity Disorder and Other Psychiatric Comorbidities,” Neuroscience and
Biobehavioral Reviews 87 (2018): 255-270.

7. M. Berk, S. Dodd, M. Kauer-Sant Anna, et al., “Dopamine Dysregu-
lation Syndrome: Implications for a Dopamine Hypothesis of Bipolar
Disorder,” Acta Psychiatrica Scandinavica 116 (2007): 41-49.

8. H. F. Nijhout, J. Best, and M. C. Reed, “Escape From Homeostasis,”
Mathematical Biosciences 257 (2014): 104-110.

474

Bipolar Disorders, 2025


https://doi.org/10.1136/bmj.e8508
https://doi.org/10.1007/s11910-023-01280-4
https://doi.org/10.1007/s11910-023-01280-4

9. M. S. Mazei-Robison, E. Bowton, M. Holy, et al., “Anomalous Dopa-
mine Release Associated With a Human Dopamine Transporter Coding
Variant,” Journal of Neuroscience 28 (2008): 7040-7046.

10. E. Bowton, C. Saunders, K. Erreger, et al., “Dysregulation of Dopa-
mine Transporters via Dopamine D2 Autoreceptors, Triggers Anoma-
lous Dopamine Efflux Associated With Attention-Deficit Hyperactivity
Disorder,” Journal of Neuroscience 30 (2010): 6048-6057.

11. A. Stewart, G. L. Davis, L. B. Areal, et al., “Male DAT Val559 Mice
Exhibit Compulsive Behavior Under Devalued Reward Conditions Ac-
companied by Cellular and Pharmacological Changes,” Cells 11, no. 24
(2022): 4059, https://doi.org/10.3390/cells11244059.

12. F. P. Mayer, A. Stewart, and R. D. Blakely, “Leaky Lessons Learned:
Efflux-Prone Dopamine Transporter Variant Reveals Sex and Circuit-
Specific Contributions of D2 Receptor Signalling to Neuropsychiatric
Disease,” Basic and Clinical Pharmacology and Toxicology 134 (2023):
1-218.

13. F. Herborg, T. F. Andreassen, F. Berlin, C. J. Loland, and U. Gether,
“Neuropsychiatric Disease-Associated Genetic Variants of the Dopa-
mine Transporter Display Heterogeneous Molecular Phenotypes,” Jour-
nal of Biological Chemistry 293, no. 19 (2018): 7250-7262.

14. M. A. Mergy, R. Gowrishankar, G. L. Davis, et al., “Genetic Target-
ing of the Amphetamine and Methylphenidate-Sensitive Dopamine
Transporter: On the Path to an Animal Model of Attention-Deficit Hy-
peractivity Disorder,” Neurochemistry International 73 (2014): 56-70.

15. P. J. Hamilton, N. G. Campbell, S. Sharma, et al., “De Novo Muta-
tion in the Dopamine Transporter Gene Associates Dopamine Dysfunc-
tion With Autism Spectrum Disorder,” Molecular Psychiatry 18, no. 12
(2013): 1315-1323, https://doi.org/10.1038/mp.2013.102.

16. F. H. Hansen, T. Skjorringe, S. Yasmeen, et al., “Missense Dopa-
mine Transporter Mutations Associate With Adult Parkinsonism and
ADHD,” Journal of Clinical Investigation 124, no. 7 (2014): 3107-3120,
https://doi.org/10.1172/JC173778.

17.J. Ng, J. Zhen, E. Meyer, et al., “Dopamine Transporter Deficiency
Syndrome: Phenotypic Spectrum From Infancy to Adulthood,” Brain
137, no. Pt. 4 (2014): 1107-1119, https://doi.org/10.1093/brain/awu022.

18. C. P. Ford, “The Role of D2-Autoreceptors in Regulating Dopamine
Neuron Activity and Transmission,” Neuroscience 282 (2014): 13-22,
https://doi.org/10.1016/j.neuroscience.2014.01.025.

19.T. R. Mehta, A. Monegro, Y. Nene, M. Fayyaz, and P. C. Bollu,
“Neurobiology of ADHD: A Review,” Current Developmental Disorders
Reports 6, no. 4 (2019): 235-240, https://doi.org/10.1007/s40474-019-
00182-w.

20.J. D. Foster and R. A. Vaughan, “Phosphorylation Mechanisms in
Dopamine Transporter Regulation,” Journal of Chemical Neuroanatomy
83-84 (2017): 10-18, https://doi.org/10.1016/j.jchemneu.2016.10.004.

21. D. P. Bermingham and R. D. Blakely, “Kinase-Dependent Regulation
of Monoamine Neurotransmitter Transporters,” Pharmacological Re-
views 68, no. 4 (2016): 888-953, https://doi.org/10.1124/pr.115.012260.

22. M. A. Cervinski, J. D. Foster, and R. A. Vaughan, “Psychoactive Sub-
strates Stimulate Dopamine Transporter Phosphorylation and Down-
Regulation by Cocaine-Sensitive and Protein Kinase C-Dependent
Mechanisms,” Journal of Biological Chemistry 280 (2005): 40442-40449.

23.T. Steinkellner, J. W. Yang, T. R. Montgomery, et al., “Ca (2+)/
calmodulin-Dependent Protein Kinase Ilalpha (Alpha CaMKII)
Controls the Activity of the Dopamine Transporter: Implications for
Angelman Syndrome,” Journal of Biological Chemistry 287 (2012):
29627-29635.

24. M. K. Singh, M. P. DelBello, R. A. Kowatch, and S. M. Strakowski,
“Co-Occurrence of Bipolar and Attention-Deficit Hyperactivity Disor-
ders in Children,” Bipolar Disorders 8 (2006): 710-720.

25.K. Qin, D. Lei, Z. Zhu, et al., “Different Brain Functional Network
Abnormalities Between Attention-Deficit/Hyperactivity Disorder

Youth With and Without Familial Risk for Bipolar Disorder,” European
Child & Adolescent Psychiatry 33 (2024): 1395-1405, https://doi.org/10.
1007/s00787-023-02245-1.

26. A. E. Jespersen, Z. Obel, A. Lumbye, L. V. Kessing, and K. W. Misko-
wiak, “Bipolar-ADHD Comorbidity: Screening for Differences in Neu-
rocognition and Virtual Reality-Based Cognitive Performance,” Nordic
Journal of Psychiatry 78, no. 3 (2024): 238-246, https://doi.org/10.1080/
08039488.2024.2309496.

27.8S.S.Harris, S. M. Green, M. Kumar, and N. M. Urs, “A Role for Corti-
cal Dopamine in the Paradoxical Calming Effects of Psychostimulants,”
Scientific Reports 12 (2022): 3129, https://doi.org/10.1038/s41598-022-
07029-2.

475


https://doi.org/10.3390/cells11244059
https://doi.org/10.1038/mp.2013.102
https://doi.org/10.1172/JCI73778
https://doi.org/10.1093/brain/awu022
https://doi.org/10.1016/j.neuroscience.2014.01.025
https://doi.org/10.1007/s40474-019-00182-w
https://doi.org/10.1007/s40474-019-00182-w
https://doi.org/10.1016/j.jchemneu.2016.10.004
https://doi.org/10.1124/pr.115.012260
https://doi.org/10.1007/s00787-023-02245-1
https://doi.org/10.1007/s00787-023-02245-1
https://doi.org/10.1080/08039488.2024.2309496
https://doi.org/10.1080/08039488.2024.2309496
https://doi.org/10.1038/s41598-022-07029-2
https://doi.org/10.1038/s41598-022-07029-2

	A Common Cause of ADHD and Bipolar Disorder (BD)
	ABSTRACT
	1   |   Introduction
	2   |   The Hypothesis
	Acknowledgements
	Conflicts of Interest
	Data Availability Statement
	References


