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Recognizing symptoms
associated with GABA and
glutamate dysfunction

ptimal diagnosis and treatment of psychiatric illness
requires clinicians to be able to connect mental and
physical symptoms. Direct brain neurotransmitter
testing is presently in its infancy and the science of defin-
ing the underlying mechanisms of psychiatric disorders lags
behind the obvious clinical needs. We are not yet equipped
to clearly recognize which neurotransmitters cause which
symptoms. In this article series, we suggest an indirect way
of judging neurotransmitter activity by recognizing specific
mental and physical symptoms connected by common biol-
ogy. Here we present hypothetical clinical cases to emphasize
a possible way of analyzing symptoms in order to identify
underlying pathology and guide more effective treatment.
The descriptions we present in this series do not reflect the
entire set of symptoms caused by the neurotransmitters we
discuss; we created them based on what is presently known
(or suspected). Additional research is needed to confirm or
disprove the hypothesis we present. We argue that in cases
of multiple psychiatric disorders and chronic pain, the devel-
opment and approval of medications currently is based on
an umbrella descriptive diagnoses, and disregards the vari-
ous underlying causes of such conditions. Similar to how the
many types of pneumonias are treated differently depend-
ing on the infective agent, we suggested the same possible
causative approach to various types of depression and pain.
Part 1 of this series (CURRENT PsycHIATRY, May 2022)
looked into serotonin- and dopamine-associated symptoms.
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In Part 2 (CURRENT PSYCHIATRY, June
2022), we presented cases related to
endorphin and norepinephrine dysfunc-
tion. We conclude the series by exploring
gamma aminobutyric acid (GABA)- and
glutamate-based clinical symptoms. Table
1 (page 36) outlines medical and psychi-
atric symptoms that likely reflect GABA
excess'® and deficiency,"*%*" and Table 2
(page 38) lists symptoms that likely reflect
glutamate excess”'®?' and deficiency.”**3 It
is essential to note that both the quantity of
neurotransmitters as well as the quality of
the transmission (as in receptors, cellular
pumps, and distribution mechanisms) are
important.

GABA excess (Table 1')

Ms. V is brought to your office by a friend.
She complains of pain all over her body, itch-
iness, inability to focus, and dizziness.!?%’
She is puzzled by how little pain she feels
when she cuts her finger but by how much
pain she is in every day, though her clinicians
have not discovered a reason for her pain.'%’
She states that her fatigue is so severe that she
can sleep 15 hours a day.**® Her obstructive
and central sleep apnea have been treated,
but this did not improve her fatigue.>* She
is forgetful and has been diagnosed with
depression, though she says she does not
feel depressed.'** Nothing is pleasant to her,
but she is prone to abnormal excitement and
unpredictable behavior."*¢7

A physical exam shows slow breath-
ing, bradycardia, decreased deep tendon
reflexes, and decreased muscle tone.>%°
Ms. V complains of double vision'*%° and
problems with gait and balance,**® as well
as tremors.'*” She experienced enuresis
well into adulthood!®*® and is prone to
weight gain, dyspepsia, and constipa-
tion.*® She cannot understand people
who have anxiety, and is prone to melan-
choly.*¢? Ms. V had been treated with elec-
troconvulsive therapy in the past but states
that she “had to have so much electricity,
they gave up on me.”

Impression. Ms. V exhibits multiple
symptoms associated with GABA excess.
Dopaminergic medications such as methyl-
phenidate or amphetamines may be helpful,

as they suppress GABA. GABAergic medi-
cations and supplements should be avoided
in such a patient. Noradrenergic medica-
tions including antidepressants with cor-
responding activity or vasopressors may
be beneficial. Suppression of glutamate
increases GABA, which is why ketamine
in any formulation should be avoided in a
patient such as Ms. V.

GABA deficiency (Table 1'%°17)

Mr. N complains of depression,!?#61216
pain all over his body, tingling in his hands
and feet,'*® a constant dull headache,? and
severe insomnia.>**® He cannot control
his anxiety and, in general, has problems
relaxing. In the office, he is jumpy, tremu-
lous, and fidgety during the interview
and examination.'**4%!2 His muscle tone is
high'*! and he feels stiff.** Mr. N’s pupils
are narrow'’; he is hyper-reflexive'*" and
reports “Klonopin withdrawal seizures.”"%*
He loves alcohol because “it makes me
feel good” and helps with his mind, which
otherwise “never stops.”'%" Mr. N is fre-
quently anxious and very sensitive to pain,
especially when he is upset. He was diag-
nosed with fibromyalgia by his primary
care doctor, who says that irritable bowel is
common in patients like him."® His anxiety
disables him.'*%%12 His sister reports that
in addition to having difficulty relaxing,
Mr. N is easily frustrated and sleeps poorly
because he says he has racing thoughts.!
She mentions that her brother’s gambling
addiction endangered his finances on sev-
eral occasions*'*™ and he was suspected
of having autism spectrum disorder.*"
Mr. N is frequently overwhelmed, includ-
ing during your interview.'**¢ He is sensi-
tive to light and noise'’ and complains of
palpitations'**%° and frequent shortness
of breath.'”** He mentions his hands and
feet often are cold, especially when he is
anxious.'?*** Not eating at regular times
makes his symptoms even worse. Mr. N
commonly feels depressed, but his anxiety
is more bothersome.'?*%1>1® His ongoing
complaints include difficulty concentrating
and memory problems**'*"* as well as a
constant feeling of being overwhelmed.!*4¢
His restless leg syndrome requires ongoing
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Examples of symptoms that likely reflect GABA excess or deficiency

GABA excess (medical)

GABA deficiency (medical)

Dizziness'-%6°

Dysregulation of gut motility, irritable bowel™91°

Diplopia'-*6°

Photophobia/phonophobia’*®

Unsteady gait and dysarthria®6°

' Cold hands/feet®

Bradycardia/bradypnea’*%°

Tingling hands/feet!3469

Enuresis’-56°

Bodly stiffness®®

Sleepiness and fatigue'-#56°

Heart palpitations®®

Weight gain®®  Shortness of breath?34
Myalgia and hypotonia'®6° Restless legs™®™
Dyspepsia®®  Seizures'©®

Fatigue™**  Hyperreflexia’ "

Obtundation'-356°

Tachycardia/tachypnea'#+6°

Sleep apnea®®®

Myalgia'*6

All-over pain'8

Daily headache?

Constipation®® Growth hormone dysregulation'®
Itching'6 Platelet aggregation dysfunction'”
Tremor™*7

Decrease in deep tendon reflexes*°

GABA excess (psychiatric)

Tremor, fidgeting'3469:12

GABA deficiency (psychiatric)

Forgetfulness’®¢

Anxiety with an inability to relax, tremulousness’#6°-12

Psychomotor retardation*¢°

Pathological gambling*12'®

Low chronic pain threshold'-¢°

 Autistic behavior*215

High acute pain threshold"é®

Depressive symptoms! 3461216

Inability to focus™+7°

Difficulty concentrating, racing thoughts, and memory
problems'34610.1213

Abnormal excitement with unpredictable
behavior'467

Insomnia/sleep-disordered breathing?391°

Enuresis'5¢

Irritability/premenstrual dysphoria'61216

Feeling of being overwhelmed' 6

GABA: gamma aminobutyric acid

treatment."*"* Though uncommon, Mr. N
has episodes of slowing and weakness,
which are associated with growth hormone
problems.® In the past, he experienced gut
motility dysregulation®® and prolonged
bleeding that worried his doctors."”
Impression. Mr. N shows multiple symp-
toms associated with GABA deficiency.
The deficiency of GABA activity ultimately
causes an increase in norepinephrine and
dopamine firing; therefore, symptoms
of GABA deficiency are partially aligned
with symptoms of dopamine and norepi-
nephrine excess. GABAergic medications
would be most beneficial for such patients.

Anticonvulsants (eg, gabapentin and pre-
gabalin) are preferable. Acamprostate may
be considered. For long-term use, benzo-
diapines are as problematic as opioids and
should be avoided, if possible. The use
of opioids in such patients is especially
counterproductive. Some supplements
and vitamins may enhance GABA activity.
Avoiding bupropion and stimulants would
be wise. Ketamine in any formulation
would be a good choice in this scenario.
Sedating antipsychotic medications have
a promise for patients such as Mr. N. The
muscle relaxant baclofen frequently helps
with these patients’ pain, anxiety, and sleep.



Glutamate excess (Table 2°'*°)
Mr. B is anxious and bites his fingernails
and cheek while you interview him.!® He
has scars on his lower arms that were
caused by years of picking his skin.”® He
complains of headache®* and deep mus-
cle, whole body,”* and abdominal pain.?
Both hyperesthesia (he calls it “fibromyal-
gia”)*1°22 and irritable bowel syndrome
flare up if he eats Chinese food that con-
tains monosodium glutamate.? This also
increases nausea, vomiting, and hyperten-
sive episodes.?*222242% Mr. B developed
and received treatment for opioid use dis-
order after being prescribed morphine for
the treatment of fibromyalgia.?? He is being
treated for posttraumatic stress disorder
at the VA hospital and is bitter that his
flashbacks are not controlled.” Once, he
experienced a frank psychosis.*® He com-
monly experiences dissociative symptoms
and suicidality.?** The sensations of crawl-
ing skin,® panic attacks, and nightmares
complicate his life.”® Mr. B is angry that
his “incompetent” psychiatrist stopped his
diazepam and that it “almost killed him”
by causing delirium.* He suffers from
severe neuropathic pain in his feet and
says that his pain, depression, and anxiety
respond especially well to ketamine treat-
ment.>??% He is prone to euphoria and has
had several manic episodes.? In childhood,
his parents brought him to a psychiatrist to
address episodes of head-banging and self-
hitting.'"® Mr. B developed seizures; pres-
ently, they are controlled, but he remains
chronically dizzy.***%?” He claims that his
headaches and migraines respond only to
methadone and that sumatriptan makes
them worse, especially in prolonged treat-
ment.?% He is tachycardic, tremulous, and
makes you feel deeply uneasy.**
Impression. Mr. B has many symptoms
of glutamate hyperactivity. The use of
N-methyl-D-aspartate receptor antagonists
such as memantine and dextromethorphan
and alpha-blockers (eg, clonidine and
tizanidine) may be considered. Avoiding
addictive substances would be prudent,
though the use of ketamine seems rational.
Anticonvulsants are recommended, along
with sedating antidepressants. Serotonin-
norepinephrine reuptake inhibitors may

not be the best choice because norepi-
nephrine potentiates glutamate function.
Dopamine inhibits glutamate, so stimu-
lants, bupropion, and amantadine® may
be paradoxically applied to treatment of
both cognitive and physical symptoms
(including pain) in a patient with gluta-
mate hyperactivity.

Glutamate deficiency (Table 2°3%38)
Mr. Z feels dull, fatigued, and unhappy.®3*%
He is overweight and moves slowly.
Sometimes he is so slow and clumsy that
he seems obtunded.’*** He states that his
peripheral neuropathy does not cause him
pain, though his neurodiagnostic results are
unfavorable.® Mr. Z’s overall pain threshold
is high, and he is unhappy with people who
complain about pain because “who cares?”*
His memory and concentration were never
good.®¥* He suffers from insomnia and is
frequently miserable and disheartened.?*%3
People view him as melancholic.®¥ Mr.
Z is mildly depressed, but he experiences
aggressive outbursts”* and bouts of anxi-
ety 23333 psychosis, and mania.**?* He is
visibly confused® and says it is easy for him
to get disoriented and lost.¥*¥ His medical
history includes long-term constipation and
several episodes of ileus.”** His childhood-
onset seizures are controlled presently.®
He complains of frequent bouts of dizzi-
ness and headache ®*%* On physical exam,
Mr. Z has dry mouth, hypotension, dimin-
ished deep tendon reflexes, and bradycar-
dia.’*** He sought a consultation from an
ophthalmologist to evaluate an eye move-
ment problem.*** No cause was found, but
the ophthalmologist thought this problem
might have the same underlying mechanism
as his dysarthria.® Mr. Z’s balance is bother-
some, but his podiatrist was unable to help
him to correct his abnormal gait.*** A friend
who came with Mr. Z mentioned she had
noticed personality changes in him over the
last several months.”

Impression. Mr. Z exhibits multiple signs of
low glutamatergic function. Amino acid tau-
rine has been shown in rodents to increase
brain levels of both GABA and glutamate.
Glutamate is metabolized into GABA, so
low glutamate and low GABA symptoms
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Examples of symptoms that likely reflect glutamate excess or deficiency

Glutamate excess (medical)

Glutamate deficiency (medical)

Headache?®*° - Bradycardia®4%

Migraine?*% . Seizures®

Hyperesthesia®2022 - lleus®343

Diarrhea®”' - Somnolence®%”

Dizziness®%* - Oscillopsia (vertical nystagmus)®®
Tachycardia®** * Hypotension®3

Tremor®2* ~ Obtundation®327

Neuropathy® ' Headache®

Body aches'®-??

High pain threshold??

Seizures?*2527 Weak deep tendon reflexes®3*3
Nausea® Dry mouth?®343%

Vomiting® Constipation®343
Hypertension®2 Cerebellar syndromes?®-%
Abdominal pain® Dizziness®%

Irritable bowel?! Dysarthria®

Glutamate excess (psychiatric)

Glutamate deficiency (psychiatric)

Dissociation? - Poor memory/concentration27:%
Suicidality?®  Melancholia®?

Psychosis® ~ Psychomotor retardation®<”
Delirium?* Depression®3”

Anxiety?326 Anxiety?23236:38

Trichotillomania'® Fatigue®23337

Excoriation or skin-picking and nail or cheek biting'® Insomnia®3338

Mania/euphoria®®

| Psychosis/mania®?7:%

Repetitive hand-biting, head-banging, self-hitting,
or lip-biting®

| Personality changes®

Opioid overuse®

Panic attacks, nightmares®

overlap. Glutamine, which is present in
meat, fish, eggs, dairy, wheat, and some veg-
etables, is converted in the body into gluta-
mate and may be considered for a patient
with low glutamate function. The medication
approach to such a patient would be similar
to the treatment of a low GABA patient and
includes glutamate-enhancing magnesium
and dextromethorphan.

Rarely is just 1 neurotransmitter
involved

Most real-world patients have mixed pre-
sentations with more than 1 neurotrans-
mitter implicated in the pathology of their

symptoms. A clinician’s ability to dissect
the clinical picture and select an appropri-
ate treatment must be based on history and
observed behavior because no lab results or
reliable tests are presently available.

The most studied neurotransmitter in
depression and anxiety is serotonin, and
for many years psychiatrists have paid
too much attention to it. Similarly, pain
physicians have been overly focused on
the opioid system. Excessive attention to
these neurochemicals has overshadowed
multiple other (no less impactful) neuro-
transmitters. Dopamine is frequently
not attended to by many physicians who
treat chronic pain. Psychiatrists also may



overlook underlying endorphin or gluta-
mate dysfunction in patients with psychi-
atric illness.

Nonpharmacologic approaches
can affect neurotransmitters

With all the emphasis on pharmacologic
treatments, it is important to remember
that nonpharmacologic modalities such as
exercise, diet, hydrotherapy, acupuncture,
and psychotherapy can help normalize
neurotransmitter function in the brain and
ultimately help patients with chronic con-
ditions. Careful use of nutritional supple-
ments and vitamins may also be beneficial.

A hypothesis for future research
Multiple peripheral and central mecha-
nisms define various chronic pain and
psychiatric symptoms and disorders,
including depression, anxiety, and fibro-
myalgia. The variety of mechanisms of
pathologic mood and pain perception
may be expressed to a different extent
and in countless combinations in individ-
ual patients. This, in part, explains the
variable responses to the same treatment
observed in similar patients, or even in the
same patient.

Clinicians should always remember
that depression and anxiety as well as
chronic pain (including fibromyalgia and
chronic headache) are not a representation
of a single condition but are the result of
an assembly of different syndromes; there-
fore, 1 treatment does not fit all patients.
Pain is ultimately recognized and compre-
hended centrally, making it very much a
neuropsychiatric field. The optimal treat-
ment for 2 patients with similar pain or
psychiatric symptoms may be drastically

Related Resources

- Arbuck DM, Salmerén JM, Mueller R. Neurotransmitter-
based diagnosis and treatment: a hypothesis (part 1).
Current Psychiatry. 2022;21(5):30-36. doi:10.12788/cp.0242
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different due to different underlying
mechanisms that can be distinguished by
looking at the symptoms other than “pain”
or “depression.”

Remembering that every neurotransmit-
ter deficiency or excess has an identifiable
clinical correlation is important. Basing a
treatment approach on a specific clinical
presentation in a particular depressed or
chronic pain patient would assure a more
successful and reliable outcome.

This 3-part series was designed to
bring attention to a notion that diagnosis
and treatment of diverse conditions such
as “depression,” “
pain” should be based on clinically identi-
fiable symptoms that may suggest specific
neurotransmitter(s) involved in a specific

anxiety,” or “chronic

type of each of these conditions. However,
there are no well-recognized, well-estab-
lished, reliable, or validated syndromes
described in this series. The collection of
symptoms associated with the various
neurotransmitters described in this series
is not complete. We have assembled what
is described in the literature as a suggestion
for future research.

continued

Both high and low levels of gamma aminobutyric acid (GABA) and glutamate may
be associated with certain psychiatric and medical symptoms and disorders. An

astute clinician may judge which neurotransmitter is dysfunctional based on the
patient’s presentation, and tailor treatment accordingly.
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