


[bookmark: _GoBack]ADHD is a learning disorder that affects millions of people, both children and adults. It is estimated that it affects 3-7% of all school age children (DSM IV-tr p.90). Symptoms are typically most observable during the elementary school years. As the child grows older, the stereotypical symptoms of hyperactivity associated with ADHD become less visible however, the feelings of internal jitteriness and inattentiveness continue on through adulthood (DSM IV-tr p. 89). There are many theories as to what causes ADHD, from a reduced GABA concentration to prenatal smoking, to brain shrinkage. Modern psychiatrists and Psychologists have developed various ways to diagnose this disorder from the DSM to new quantitative impairment measurements; once diagnosed, a patient can be prescribed various courses of treatment including stimulants, non-stimulants, and therapy.
Possible Causes
[image: ]There are three main theories as to what causes Attention Deficit Hyperactivity Disorder (ADHD). These theories include a reduced GABA concentration in the patient’s brain, prenatal smoking, and brain shrinkage. In 2012, a group of medical doctors ran an experiment trying to find out if there was a link between a reduced cortical concentration of GABA and the development of ADHD. It started when they noticed that when children with ADHD were analyzed using transcranial magnetic stimulation it was observed that they had reduced short intercortical inhibition (Edden p.1). This led them to believe that this was somehow related to the patient’s concentration of GABA-A because it was known that GABA-A agonists affect this pathway (Edden p.1).  Upon analysis of the magnetic resonance spectroscopy imaging it was discovered that ADHD patients of both sexes had reduced cortical GABA concentrations (Edden p. 3). This discovery was consistent with their hypothesis and the GABA deficits matched up with what would trigger the inhibition of the short intercortical inhibition system in their brains. It is believed that this short intercortical inhibition system allows us to “filter sensory information and select appropriate behavioral responses” (Edden p. 3). This research shows the correlation between a diagnosis of ADHD in children and adolescents and reduced cortical GABA concentrations. This means that this reduced concentration of cortical GABA could be causing the reduced short intercortical inhibition and therefore be causing the patient’s ADHD symptoms.
Another possible cause of ADHD is prenatal smoking. It has been known for a while that cigarette smoke acts a teratogen. This means that if a mother is exposed to cigarette smoke while she is pregnant, the smoke will cause the child severe defects physically, mentally, or both. In 2016, a team of researcher led by Petteri Joelsson attempted to find out if there was a link between a mother’s exposure to cigarette smoke during pregnancy and the child being diagnosed with ADHD later on in life. This study compared Finnish children who had been diagnosed with ADHD to those who hadn’t, asking if their mother smoked during her pregnancy. After they had collected responses the researchers found that “30.3% of the mothers of [patients with ADHD] smoked during pregnancy, whereas the corresponding figure was 15.3% for the mothers of the controls [ADHD free children]” and “there were increased odds for ADHD with maternal smoking after the first trimester” (Joelsson p. 6). The article then discusses the possible reasons for this correlation. The first was that nicotine, which has been shown to be able to cross the placenta was directly damaging the baby by acting as an agonist for acetylcholine. This could interfere significantly with the fetus’ developing central nervous system (Joelsson p.7). This damage could lead to ADHD later on in the child’s life. The second reason is that this trend can be explained by the interaction between the child’s genes and the environment. This means that the child could be already genetically vulnerable to smoking damage and the mother smoking during pregnancy could lead to the epigenetic effect of ADHD. The child could be vulnerable to the prenatal smoking, but if it was not present the child would not develop ADHD. Thirdly, it could be explained by the parents having sub-clinical ADHD which causes them to want to smoke. The sub-clinical ADHD is then passed down to the child who develops clinical ADHD (Joelsson p.7). Finally, the smoking could lead to chronic fetal hypoxia as blood vessels in the mother constrict in response to the smoking. It has already been documented that there is an “association between neonatal hypoxia and ADHD-like behavior” (Joelsson p. 8)
 The third possible cause of ADHD is brain shrinkage. There hasn’t been much research on this recently however in 2004 there was an experiment done where scientists compared brain scans of ADHD patients and non-ADHD patients and noticed that those who had been diagnosed had much smaller brain volumes. The scientists in this article discuss how it was difficult to pin down an exact reason for this correlation whether it was the ADHD, brain defects, or drug use (Cohen p. 161). However, around the same time the National Institute of Mental Health was running a similar experiment where they tested 103 medicated and 49 un-medicated ADHD patients and compared their brain shrinkages. It showed all of the patients regardless of their medication status had smaller brain volumes (3% smaller) when compared to their non-ADHD having peers (Cohen p.165).
Diagnosis of ADHD
[bookmark: _Hlk479688527]	For a patient to receive treatment for ADHD, they must first be diagnosed. There are many different options for clinicians to use to diagnose ADHD, however I will only be discussing two of these methods. These two methods are the use of the DSM and a newly developed quiz that is used as a quantitative measurement tool to reveal the extent of a child’s impairment from ADHD. Ever since the first edition of the Diagnostic and Statistical Manual of Mental Disorders (DSM) was published in 1952, it has been the go to guide for psychologists and psychiatrists for diagnosing mental disorders. The DSM IV-tr divided the diagnosis of ADHD into 3 subtypes: predominantly inattentive type, predominantly hyperactive-impulsive type, and combined type (DSM p. 87). The DSM lays out various criteria for each of these three categories that must be filled in order to solicit a diagnosis of ADHD. It also states that in order for a child to be diagnosed, symptoms must be present before the patient reaches the age of 7 (this was changed in the DSM V to 12 years old). Additionally, it states that “some impairment from the symptoms must be present in two or more settings (e.g., at school, work, home, etc.)” (p. 92). However, in the DSM-V it allows for the possibility of adult ADHD. 
	The other way that has only recently been created was a quiz that was intended to be a quantitative assessment of ADHD impairment. Researchers from the Federal University of Rio de Janeiro search for a qualitative test that would identify whether a patient had ADHD.  Current quantitative tests are “seldom used in research and are often one-dimensional, mixing severity of psychopathology with functional impairment and frequently requiring clinical judgement for scoring” (Fortes para. 5). The reason that the researchers did this was due to the fact that current testing for ADHD was unable to determine whether the effects were a result of ADHD or other comorbid conditions such as Autism Spectrum Disorder (ASD) (Fortes para. 5). Additionally, prior tests did not take into account the various cultural opinions about this disorder that could affect the answers people gave to the test as well as how the clinician will interpret the results of the quiz. To combat these flaws with current testing such as the DISC (Diagnostic Interview Schedule for Children) the researchers from Brazil created their own assessment to measure the amount that ADHD was impairing a child. The researchers gave the quiz orally in order to remove the possibility that the impairment was a result of speech problems. The quiz was broken up in to six categories that measure the patient’s impairment in the different settings: family, school, work, social activities, daily activities, self-perception, and performance (Fortes para. 12). The researchers gave it to patient as well as his or her parents in order to get answers from multiple perspectives. This was compared to other diagnosis methods and it was determined to be accurate in determining an ADHD diagnosis. 
Treatment of ADHD
	After a diagnosis of ADHD, there are many courses of action that a psychiatrist or psychologist can take to help resolve this issue. These options include stimulant medication, non-stimulant medication, and therapy.
The most common course of treatment out of these three is the use of stimulant medication. The most common stimulant medication out of them is the drug Ritalin. In 1995, it was estimated that “2.8 percent of U.S. youth between the ages of 5 and 18 years were taking the medication [Ritalin]” (Greenhill p. 85). This number has tended to increase over the years (Greenhill p. 85) leading some to wonder if we are simply giving children who have too much energy medication to make life easier on ourselves, rather than for them. There is a growing number of people who believe that we are overmedicating our children using medications that are really nothing more than band aid solutions that temporarily deal with the symptoms. Most stimulants start to work approximately 30 minutes after ingestion. They reach their maximum effectiveness from 1-3 hours after ingestion. However, these effects fade approximately 5 hours after taking the medication (Greenhill p. 86).  While this can be effective as a short-term solution as it does last as long as an average school day, it should not be seen as a long-term solution to ADHD. These stimulants work by affecting the norepinephrine system, improving the function of the executive control system, allowing the patient to overcome his or her deficits. This course of treatment has proven exceptionally well in resolving ADHD symptoms, however it does not fix the underlying causes of ADHD. Studies have actually shown that after approximately 3 months these stimulants no longer work as well as they had originally (Greenhill p. 88). Lastly, these stimulants have been shown to be addicting and is frequently abused by those with and without an ADHD diagnosis (Greenhill p. 85). 
Unlike stimulant medication, the new class of non-stimulant medication is not addictive because it is not a stimulant. Studies have shown that around 10-30% of ADHD patients do not respond or are unable to handle treatment using stimulants. This new class of non-stimulant ADHD medication hopes to be an effective course of treatment for these people as well others who wish to use non-stimulants to deal with their symptoms of ADHD. The paper by Dr. Jannardhanan Santosh mentions a few types of non-stimulant medication. These include atomoxetine, tricyclic antidepressants (TCA’s), and alpha-2-anrenergic agonists. The most promising of these non-stimulant medications is atomoxetine (Santosh p. 2). “Atomoxetine is a highly selective inhibitor of the presynaptic noradrenaline transporter with relative low affinity for the serotonin 5-HT and dopamine transporter and neuronal receptors” (Santosh p. 3). In a double-blind placebo-controlled study it was determined that the use of atomoxetine did in fact help resolve the symptoms associated by ADHD. Atomoxetine is the first drug of its kind to be approved for use in the United States. It is also the first drug approved for the treatment of adult ADHD (Santosh p. 1). Unlike TCA’s which have side effects that are so brutal, it is rarely prescribed to treat ADHD, atomoxetine has only minor possible side effects such as weight loss, increased heart rate, increased blood pressure, etc. Since atomoxetine is also a non-stimulant medication it is less likely to be abused by people with or without an ADHD diagnosis. However, much like the stimulant medication, this is only a short term-solution that only deals with the symptoms of ADHD, not the underlying causes.
The third option for the treatment of ADHD is therapy. Dr. Meppelink in his article discusses the facts about the typical ADHD treatment: stimulants. He states that “In the Netherlands 130,000 adolescents were using methylphenidate [Ritalin] in 2012, which was at the time 3.2 % of Dutch adolescents” (Meppelink p. 2). As an alternative to these short-term fixes for the symptoms of ADHD a type of therapy, mindfulness therapy was created. Mindfulness therapy focuses on making the child better able to concentrate on tasks and enhance their self-control. Through this therapy children are asked to practice daily meditations and work outside of therapy to increase their mindfulness (Meppelink p. 8). This eight week training session uses this extensive instruction to deal with the problems at the root of the ADHD diagnosis as opposed to just dealing with the symptoms. This is definitely more of a long-term solution compared to medication alone. However, it was discovered that when the therapy was administered by itself its affects were smaller than that of the medication. When the therapy was paired with the medication however, there were long-term results in addition to short term results. However, the main difference maker in this situation would be cost. “Medical costs per child with ADHD is$1079 during a period of 14 months, whereas costs for behavioral treatment per child with ADHD is $7176 during that same period of time” (Meppelink p. 3). Therapy is nearly 7 times more expensive when compared to medication alone. It is this extreme cost, time commitment, and general difficulty that make therapy a less popular choice than medication.  While this therapy may help more in the long-term it is a tough ask for parents to pay 7 times as much as they would for medication in order to receive this treatment. These are the three types of treatment for ADHD and how each of them work as well as the pros and cons of each type of treatment. 
Conclusion
While nobody truly knows exactly what causes Attention Deficit Hyperactivity Disorder (ADHD) doctors have various theories including a lack of GABA, maternal smoking during pregnancy, and brain shrinkage possibly related to genetics. Even though they don’t know the physiological side of this disease, doctors have still created multiple ways to help diagnose patients with this disorder. In addition to diagnosing patients with this disease, researchers have also been able to create several means to go about treating this disorder including stimulant medication, non-stimulant medication, and mindfulness training. This is why researchers believes that ADHD develops in certain people, how to diagnose it, and how to go about treating it in both the short term as well as the long term. 
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Figure 2. Comparison of GABA (y-aminobutyric acid) concentration,
showing the statistically significant effect of attention-deficit/hyperactivity
disorder (ADHD) diagnosis. Asterisk indicates the statistically significant
difference (P<.05); IU, institutional units; and TD, typically developing.

normalized root mean square fit residuals were not signifi-
cantly different between the ADHD group (13% [6%]) and
the TD group (9% [5%]) (P>.05 by t test). Successful ap-
plication of this method in a pediatric population (even one
with ADHD) is not assured a priori because J-difference ed-
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behavioral responses.” As such, understanding and quan-
tifying GABAergic function in children who are devel-
oping motor and behavioral control could provide vital
insights into the neurobiological underpinnings of ADHD.

GABAergic inhibition is implicated in several devel-
opmental disorders, including ADHD and autism spec-
trum disorder. As the principal inhibitory neurotrans-
mitter in the mature brain, GABA is initially excitatory
in the developing brain. In addition to this role reversal,
it has been suggested that the GABAergic system is par-
ticularly susceptible to damage during abnormal devel-
opment because GABAergic neurons arise from a differ-
ent region of the neural tube than glutamatergic neurons,
with which they must later integrate."”

Although good evidence for a GABAergic abnormal-
ity, the observation of reduced GABA concentration in
ADHD as measured by MRS does not inform us as to the
location or distribution of that reduction. For example,
we do not know whether this result reflects a reduced
density of GABAergic neurons or a reduced concentra-
tion of GABA within a normal density of GABAergic neu-
rons. Nor does MRS provide us with any information on
the cellular compartmentalization of the GABA from
which we detect signals.

Itis common to interpret changes in GABA in the con-
text of the effect on excitation-inhibition balance. Previ-
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