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SPECIFIC AIMS

There is a developmental problem in many schoolchildren. More than half the
children referred to professionals for evaluation and treatment of behavior problems are
diagnosed as hyperactive (Whalen, 1983). The percentage of the school-age population
diagnosed as having Attention Deficit-Hyperactive Disorder (ADHD, ranges from 3% to
as high as 15%, with males represented three to ten times more than females (Barkley,
1981; Bosco & Robin, 1980).

Although the cause of ADHD symptoms is not known, current consensus points to
dysfunction in brain development, due largely to genetic differences, associated with
developmental delays of inhibition and self-regulation (Barkley, 1997; Castellanos,
1999; Faraone & Biederman, 1998; Faraone & Biederman 1999; Hynd et al., 1991;
Lensch, 2000; Sergeant et al., 1999; Quay 1997;). The disorder arises early in
childhood and persists in over half of the cases, into adulthood, even with
pharmacological intervention. Because of poor social skills and academic performance,
many of these children move down a default path of antisocial behavior, substance
abuse, unemployment, and conduct disorders.

Considerable progress has been made in understanding the neurological basis of
this developmental disorder. Most evidence and theoretical considerations indicate that
the prefrontal cortex and its executive functions play a key role in this disorder. At the
core of ADHD is the deficit in the executive function referred to as response inhibition
(Barkley, 1997; Pennington & Ozonoff, 1996, Quay, 1997). Secondarily, deficits in other
executive functions appear including fundamental cognitive processes such working
memory and sense of self, self-regulation of emotion and motivation, and self-directed
play and goal-directed behavior. These cognitive deficits then cascade into areas of
social intelligence and academic performance (Barkley, 1997; Barkley, 2000). Brain
imaging studies and brain mapping studies support the concept of central dysfunction in
the prefrontal cortex, probably secondary to developmental abnormalities in brainstem
dopamine and norepinehrine control of forebrain function (Faraone & Biederman, 1999;
Castellanos, 1999). Use of psychostimulant medication in children is helpful in reducing
symptoms, but has questionable beneficial long-term effects and has significant
negative side effects.

The purpose of this research project is to investigate the effects of an alternative,
non-drug, integrated program on children with ADHD. The Maharishi Vedic Medicine
(MVM) program consists, in part, of Maharishi’s Transcendental Meditation® (TM®)
program and recommendations for herbal supplements, diet, and daily routine.
Maharishi Vedic Medicine includes the traditional knowledge and ancient technologies
of Ayur-Ved which have been revived, reorganized, and restored into a comprehensive
and holistic natural health care system by Maharishi Mahesh Yogi with the collaboration
of leading Indian Ayurvedic physicians (Sharma & Alexander, 1996a, 1996b; Sharma
and Clark, 1998). Ayur-Ved is currently practiced by over 300,000 doctors throughout
the world and has been recognized by the World Health Organization for its continuing
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contributions to health.

The Transcendental Meditation technique has been documented by scientific
research to be the most effective approach to eliminate stress, reduce or reverse
chronic illness (generally genetically predisposed conditions), and to develop higher
levels of cognitive and emotional functioning (Orme-Johnson & Walton, 1998; Roth,
1998). The extensive benefits derived from the TM technique can be understood in
terms of creating balance and integration of brain, in particular, the prefrontal cortex and
its executive functions (Arenander 1996; Arenander 2000, in preparation).

The primary focus of this study will be on evaluating the effect of Maharishi Vedic
Medicine in reducing a triad of symptoms commonly associated with ADHD—poor
sustained attention, impulsivity, and hyperactivity. Since these symptoms tend to have a
significant negative impact on school performance, the effectiveness of MVM in
improving basic academic skills will be studied. The results of this research will yield
much-needed information that will help direct future research on the nonpharmalogical
treatment of children suffering from ADHD.

BACKGROUND AND SIGNIFICANCE

Definition & Demographics: Attention Deficit-Hyperactivity Disorder (ADHD) is
characterized by developmentally abnormal levels of sustained attention, impulse
control, and excessive activity (Barkley & Murphy, 1991). The Diagnostic and Statistical
Manual of Mental Disorders, 4th edition (DSM-IV; American Psychiatric Association,
1994) defines three subtypes: predominantly inattentive type, predominantly
hyperactive-impulsive type, and combined type. Based on SPECT neural imaging and
pharmacological responsiveness, Amen has suggested there may be six subtypes
(Amen, 1997). Adhering strictly to DSM–IV criteria, approximately 3% to 5% of children
have ADHD. A disproportionate number of males have ADHD, with an average of 6:1
most often cited in the literature (American Psychiatric Association, 1994; see also
Sandoval, Lambert & Sassone, 1980).

The predominant therapy for children exhibiting ADHD is psychostimulant
medication, primarily methylphenidate (Ritalin®). In a survey of primary care physicians,
88% of children diagnosed as ADHD had received methyphenidate (Wolraich et al,
1990). Sager and Krager (1988) reported average durations of medication use of 2, 4,
and 7 years for elementary, middle, and high school students, respectively. Although
studies have shown that approximately 60% to 80% of school-age children respond
favorably to stimulant medications, side effects are common. Adesman and Wender
(1991) report that 50% or more of patients taking stimulant medication experience
decreased appetite and difficulty falling asleep. Stomachaches and headaches, feelings
of drowsiness, irritability and moodiness, and tics or other movement disorders are also
common. Also, growth velocity may diminish when stimulant medication is used for an
extended period (see Barkley, 1990 for a detailed description of the above side-effects).
Current pharmacological reviews reveal the need to carefully examine the clinical
symptoms and any comorbidities in the light of known unacceptable side effects and
risks (Findling & Dogin, 1998; Hornig, 1998; Popper,1997).
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Children having ADHD, by definition, display difficulties with attention in contrast to
normal children of the same mental age (IQ) and sex (Barkley, 1991; 1997). ADHD
children have their greatest difficulties with sustained attention or effort to tasks
(Douglas, 1983). Difficulties are most evident in situations requiring the children to
sustain attention to repetitive tasks, often found in school work (Luk, 1985; Zentall,
1985). According to Barkley (1990), the main problem associated with attention appears
to be one of diminished persistence of effort in accomplishing tasks, especially with
tasks of little intrinsic appeal to the child or immediate consequences for completion.
Related to the difficulty of persistence of effort is the problem of impulsivity (Barkley,
1991). As a result of the problem of impulse control, ADHD children have difficulty
following instructions, make careless errors in school work, fail to reflect upon the
consequences of negative behavior, and engage in frequent, unnecessary risk-taking
(Barkley, 1991). The third primary symptom of ADHD is excessive or developmentally
inappropriate levels of motor or vocal activity. Restlessness, fidgeting, and unnecessary
gross bodily movements are commonplace (Spitzer, Davies & Barkley, 1990).
Observations of ADHD children find them to be repeatedly off task, out of their seat,
talking out of turn, and making unusual vocal noises (Luk, 1985). Children with ADHD
generally tend to fall behind in their intellectual development compared to normal
children or the siblings of ADHD children. Compared to these controls, they show a
lower standard IQ score of 7 to 15 points (Barkley, 1990). Ross and Ross (1982) report
that ADHD children are likely to show standardized academic achievement test scores
that are as much as 10 to 15 standard score points lower than normal classmates.

From 50% to 80% of children diagnosed with ADHD continue to meet the criteria
for ADHD into adolescence (Barkley, Fischer, Edelbrock & Smallish, 1990; Gittleman,
Mannuzza, Shenker & Bonagura, 1985 ). Research indicates that adolescent children
previously diagnosed as ADHD or hyperactive are at higher risk for defiance,
aggression, antisocial behavior, and substance abuse relative to normal or control
children (Gittleman et al., 1985; Lambert & Sandoval, 1987). A significant proportion of
ADHD schoolchildren continue to experience academic problems (Ackerman et al.,
1977). By adolescence, 58% have been retained at least one grade, up to 40% have
been in special educational services, as many as 35% have failed to finish high school
(see Rostain, 1991; Brown & Border, 1986; Barkley et al., 1990; Weiss & Hechtman,
1986). For many adolescents diagnosed as ADHD, continuing problems with
inattention, impulsivity, restlessness, anti-social behavior, and academic failure are
common (Barkley, Anastopoulos, Guevremont & Fletcher, 1991). ADHD has been found
to be a chronic problem that often continues into adolescence and even adulthood
(Hechtman, 1991).

ADHD: A Multidimensional Disorder: Any understanding of ADHD and its
developmental pathways requires the study of risk and protective factors. The
identification of these factors reveals ADHD to be a multidimensional system (Samudra
& Cantwell, 1999). This view is consistent with the diagnosis of  several clinical
subtypes. Abnormal brain activity in ADHD reported in Quantitative
Electroencephalography (QEEG) and brain imaging research also supports a
delineation of subtypes. In addition, psychiatric comorbitities in many ADHD individuals
suggests further neurobiological complexity of the underlying dysfunction. Together, this
understanding places restrictions on the types of therapeutic modalities and
interventions strategies that will be most efficacious in treating ADHD. A successful
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approach to ADHD treatment must prevent or normalize the underlying brain
abnormalities, while reducing risk factors and strengthening protective factors. Such an
approach should also enhance resilience—the ability to successfully adapt despite prior
or continued exposure to risk factors. Any risk or protective factor may in itself be rather
weak in its ability to influence brain and cognitive development. Therefore, the central
issue is the element of accumulation and balancing of multiple risk and protective
factors in a child's life. It is the premise of this proposal that extensive research
documentation supports the Transcendental Meditation technique as a candidate
program that could be a successful treatment strategy through its ability to
simultaneously minimize risks and maximize protective factors, while enhancing
resilience.

The Role of Genes and the Environment: Risk factors and protective factors are both
constituted of genetic and environmental components. Protective factors include the
constitution or temperament of an individual and a supportive family and socioeconomic
setting of childhood development. Genetics can contribute in some cases to about half
the variance while, the remaining variance may be due to a combination of
developmental factors, toxic exposure, family stress, and pre/peri-natal events. The
developmental system can be quite complex with multiple genetic and environmental
factors interacting over various time periods to modify each other and influence the
degree of dysfunction and its duration. These findings reinforce the notion of multiple
pathways leading to the development of ADHD. Neurobiological studies below
implicating various brain structures and functions are also consistent with this
multimodal view of ADHD.

Genetic Risk & Protection factors for ADHD: Risk factors include a strong familial
transmission (Castellanos, 1999; Faraone & Biederman, 1999; Samudra & Cantwell,
1999). ADHD is more likely to occur in first-degree relatives of ADHD children than in
those of non-ADHD children. Heritability of ADHD is also evident in six studies of twins,
where monozygotic twins, sharing 100% of genes, have stronger ADHD linkage than
dizygotic twins, sharing 50% of genes. Furthermore, molecular genetic studies support
a strong genetic influence in ADHD. At least three genes seem to increase genetic
susceptibility or vulnerability to ADHD. These genes code for dopaminergic receptors or
transporter and are consistent with neural imaging studies and the information regarding
dopaminergic control over forebrain development and cognitive processes (see below).
The same altered gene form is found at high rates in ADHD children compared to non-
ADHD children. Together, the persistence of ADHD symptoms into adulthood coupled
with familial history of ADHD indicate the likelihood of significant brain abnormalities
(Biederman, 1998). On the other hand, the primary example of a genetic protection
factor is the child's constitutional basis or temperament. Temperament examined early
in life may be of some predictive value (for review, see Chess & Thomas, 1996).

It is unlikely that there exists an "ADHD" gene, whose alteration results in the
ADHD DSM-IV symptomatology. It is most likely that subtle changes in a number of
different genes gives rise to the genetic 'susceptibility' to ADHD and to the diversity of
ADHD subtypes—defined by diversity of symptom clusters, clinical pharmacological
response and lifespan history of ADHD. This view is supported by recent genetic
analysis (Comings et al., 2000a, 2000b).
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Environmental Risk & Protection factors for ADHD: Among the most studied factors
that place children at risk are pre/peri-natal events (for review see, Sumudra & Cantwell,
1999; Faraone & Biederman, 1998). Most of these events have in common chronic
exposure to hypoxia, which can alter brain development. Thus, pregnancy and delivery
complications are most commonly associated with increased risk of ADHD. Prenatal
substance abuse (cocaine, nicotine, alcohol and heroin) generally, but due to complex
issues does not always, reveal a significant correlation. Other studies suggest dietary
and other environmental factors (see below) may be disruptive or toxic to the child and
alter brain development. For example, chronic exposure to low levels of lead are
associated with ADHD (Thomson et al., 1989; Tuthill, 1996). A review of evidence
describing the contribution of toxic chemicals to abnormalities of neurodevelopment and
the prevalence of childhood disorders, including ADHD, has recently been released
(Schettler et al., 2000). The family environment also impacts on the child's development.
Early work demonstrated the aggregation of adversity factors (large family size, low
social class, paternal criminality, maternal mental disorder, etc.) correlated with
impaired cognitive development. Childhood ADHD is correlated with these factors (for
review, see Faraone and Biederman, 1999).

Neurocognitive Basis of ADHD: Most research has implicated dysfunction in the
frontal cortical areas, in particular the prefrontal region, in ADHD (Barkley, 2000;
Bradshaw & Sheppard, 2000; system; Castellanos, 1999; Benson, 1991; Faraone &
Biederman, 1999; Levy, 1991; Niedermeyer, 1998). Thus, dysfunction of the orbital
regions of the prefrontal cortex can lead to impulsivity and lack of normal social
inhibitions, while dysfunction of the dorsolateral regions of the prefrontal cortex can lead
to loss of working memory, attention, and temporal organization of behavior.
Abnormalities in other brain areas have also been reported, including basal ganglia,
corpus callosum, brainstem mesolimbic dopamine system, and the parietal cortex.
Earlier research suggested the frontal lobe dysfunction played a central role in ADHD
(Satterfield & Dawson, 1971; Dykman et al., 1971, Gortenstein & Newman, 1980;
Gualtieri & Hicks, 1985; Chelune, Ferguson, Koon, & Dickey, 1986). There is compelling
evidence that motor abnormalities involve right frontal lobe dysfunction (Kertesz et al.,
1985; Castellanos, 1999). Probably the most consistent finding in ADHD is abnormality
in the prefrontal cortex, reported across techniques, including magnetic resonance
imaging (MRI), positron emission tomography (PET), single photon emission computer
tomography (SPECT), and electroencephalography (EEG).

Brainwave Research: Children with ADHD are more likely to show brain wave
dysfunction (for review see, Lubar 1997; see also, Chabot et al., 1999; Chabot et al.,
1996; Chabot and Serfontein, 1996; Lazzaro et al., 1998; Lubar, 1991; Mann et al.,
1992; Monastra 1999). Two areas of research support this finding: baseline brain wave
analysis/topographic mapping patterns and evoked potentials to sensory stimuli.
Additional support comes from reported successes of EEG biofeedback.

ADHD children display marked slowing of frontal cortical frequencies. Early studies
(Lubar et al., 1985) showed that in many cases beta activity is diminished and theta
activity is heightened. The results using all the EEG parameters could predict with 97%
accuracy membership to a ADHD-Reading Disability group. Increase theta power alone
predicted membership with an 80% accuracy providing the rationale to use EEG
biofeedback to suppress theta activity (see below).
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In general, quantified EEG analysis (QEEG) indicates reduced cortical arousal and
possible maturational lag in ADHD (Chabot et al., 1996, 1999; Chabot & Serfontein,
1996; Lazzaro et al., 1998; Lubar 1991; Lubar et al., 1999). Most studies report increase
slow waves (theta and/or alpha) and reduced fast waves (beta) compared to controls.
Studies by Lubar and colleagues (Mann et al, 1992; Monastra et al., 1999) have shown
increased theta and decreased beta in the EEG, interpreted as prefrontal
developmental dysfunction. In fact, analysis indicated that these two components out of
many frequencies and scalp locations could account for 82% of the total variance.
ADHD group membership was predicted with 80% accuracy (Mann et al., 1992). More
recent work reports QEEG sensitivity to be 86%, with 98% specificity (Monastra et al.,
1999).

Large population QEEG studies by Chabot, Serfontein and colleagues (Chabot et
al., 1996, 1999) show high specificity (88%) and high sensitivity (94%) for distinguishing
normal and ADHD children. In these studies, two predominant QEEG signatures were
reported: one subtype showed EEG slowing or low CNS arousal, especially in frontal
regions, and the second showed increase EEG activity or high CNS arousal, especially
in the frontal regions. These studies suggested the dysfunction may not be primarily a
result of maturational lag (Chabot & Serfontein, 1996). In addition, these studies
demonstrate that QEEG could be regarded as a highly accurate predictor of beneficial
treatment response to methylphenidate vs. dextroamphetamine. Thus, many ADHD
subjects appear to have developmental dysfunction localizable, in part, to the prefrontal
cortex operating in a hypoaroused state.

Lubar hypothesizes that neocortical dynamics are disrupted in individuals with
ADHD (Lubar 1997; for a historical account, see Lubar, 1991). Cortical activity,
underlying nearly every conscious and most unconscious cognitive activity, can be
thought in terms of resonant loops between cortical processors and between cortical
and subcortical processors. Not only do these resonant loops determine the spectrum of
brain wave activity but they strongly correlate with large as well as small changes in
cognitive state and brain functioning. Predominant slow frequencies and poor evoked
responses suggest that thalamocortical rhythms are not supporting proper sensory-
motor integration. When this is found in the prefrontal regions, then one is reminded of
the lack of behavior response inhibition in ADHD children (Barkley, 1997; Barkley,
2000). Resonant loops also suggest the presence of coherent interaction among
neurons and among neural cell assemblies. It was predicted long ago that EEG
abnormalities would be present in ADHD and be evident as inappropriate slowing of
brain rhythms and the disruption of coherent neural communication. This is supported
by the changes in EEG coherence and phase that accompany treatment of ADHD
children (Lubar et al., 1999). As will be seen below, the application of neurofeedback is
predicated on this lack of normal brain integration in ADHD. That is, by modifying these
dysfunctional resonant loops, one could more directly modify the neural basis for
learning and motor disorders, in particular, ADHD.

Evoked Potentials: Satterfield and colleagues were among the first to discribe
abnormal scalp recorded electrical responses to sensory stimuli, or evoked potentials
(Satterfield et al., 1973). Aydin et al (1987) have reported that an evoked electrical
potential in frontal brain regions known as contingent negative variation (CNV) was
markedly reduced in children with Attention Deficit Disorder (ADD, attention deficit
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without hyperactivity disorder). CNV is considered a reflection of cognitive functions
such as expectancy, conation, motivation, and attention-arousal. The ADD group
exhibited significantly lower CNV amplitudes than the normal group. In addition, CNVs
could not be found in 44.4% of the ADD group, while they could be obtained for all
cases in the normal group. A negative correlation was reported between the CNV
amplitudes and hyperactivity scores, while a positive correlation was found between the
CNV amplitudes and school achievement. In the 1990's Lubar and colleagues reported
in three studies (reviewed in Lubar, 1991) that ADHD children had decreased P300
amplitude, indicating these children have difficulty in both stimulus discrimination and
general attentiveness.

Evoked potential studies of cortical processing during the CPT testing paradigm
also indicate reduced efficiency of neural networks in the prefrontal region. Compared to
controls, ADHD subjects did not display the same reduction in latency of visual evoked
potentials (steady state visual evoked potentials, SSVEP), particularly in the right
prefrontal region (Silberstein et al., 1998). In some cortical locations, the latency actually
was observed to be increased in ADHD subjects. Latency reduction, hypothesized to be
related to dopaminergic activity, is considered to reflect increased efficiency of coupling
in prefrontal neural networks. Furthermore, the possible lateralization of prefrontal
cortical dysfunction has also been seen in functional imaging studies above (Rubia et
al., 1999).

Neuroimaging:  Most of the structural studies of the brains of ADHD subjects report
abnormalities (for review see, Faraone & Biederman, 1999). The most consistent finding
is an abnormal frontal cortex. Functional brain imaging in the study of ADHD has
employed primarily SPECT (single photon emission computer tomography), PET
(positron emission tomography), or magnetic resonance imaging (MRI) techniques.
These imaging methods reveal a fairly consistent image of brain abnormalities in some
ADHD individuals. These functional studies reflect the previous structural findings
implicating a frontal-subcortical system dysfunction in ADHD.

Brain metabolism of a ADHD individual is strikingly reduced in many areas,
especially in the crucial prefrontal lobes that normally provide an effective filter against
impulsive behavior (see figure 1). A normal brain would display a relatively
homogeneous or smooth outer surface. Through computerized thresholding, areas of
unusually low blood flow and brain activity are not displayed, leaving what amount to
'virtual holes' in the 3-dimensional image. Thus, SPECT graphically reveals the
presence of what can be considered “functional lesions” (regions of low metabolism and
hence chronic dysfunction) in the brains of ADHD subjects. PET studies show roughly
similar results. Thus, SPECT and PET imaging provide an invaluable diagnostic
“window” into the dysfunctional ADHD brain.

Two recent noninvasive functional-MRI (fMRI) studies show the power of brain
imaging techniques to examine the neural substrate of ADHD imbalances. One fMRI
study has demonstrated hypofrontality in ADHD. While performing different motor tasks,
hyperactive adolescents showed lower response activation in the prefrontal cortex
(Rubia et al., 1999). This study supports the hypothesis of prefrontal dysfunction, in
particular, abnormal motor response inhibition and motor timing. In a second study, the
cingulate cortex is implicated in ADHD. Since ADHD subjects can have impaired
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attention and defective inhibition of inappropriate response (impulsivity), this experiment
examined the activity of the anterior cingulate cortex of ADHD individuals (Bush et al.,
1999). The anterior cingulate cortex helps to select stimuli when faced with competing
streams of input and response selection as seen in the inhibition of incorrect responses
and/or enhancement of correct responses. Using fMRI techniques, ADHD adults,
compared to controls, displayed hypoactivity of the anterior cingulate cortex using an
interference task (counting Stroop). These results are consistent with the early PET
findings of hypoactivity of the cingulate in ADHD subjects (Zametkin et al,, 1990). These
studies suggest that this brain area may also be dysfunctional in ADHD, contributing to
the core symptoms of inattention and impulsivity.

Figure 1
SPECT brain imaging of an ADHD child.

This view of the human brain illustrates a highly variable, abnormal pattern of blood
flow. Brain blood flow is related to the degree of neural activity, and hence, brain
function. As is the case with some individuals with ADHD, brain activity in specific areas
is greatly reduced compared to controls. Areas of chronic dysfunction (functional
lesions) appear as “holes” in the brain. Dysfunction often occurs in the prefrontal areas
of the brain (top of image), and thus may be expected to cause significant loss of
impulse control, decision making, learning ability, and emotional stability.

Neurotransmitters systems: There are a number of candidate neurotransmitter
systems that may contribute to the dysfunction of ADHD. Converging evidence
suggests that dysfunction of the dopaminergic system and its influence on prefrontal
cortex and nigrostriatal function play a central role in ADHD (Castellanos, 1999;
Bradshaw & Sheppard, 2000; Neidermeyer, 1998). Recent PET imaging suggests that
prefrontal dopaminergic dysfunction mediates ADHD symptoms in adults (Ernst et al,
1998). Furthermore, significant differences were found in male vs. female prefrontal
imaging data suggesting that reported gender population differences in ADHD may be
due to this dopaminergic imbalance (see also, Andersen & Teicher, 2000). Thus,
maturational prefrontal dysfunction may be a secondary result of a primary dysfunction
in midbrain dopaminergic developmemt and adaptation.

Animal studies have helped to understand the neural basis of stimulant medication
in ADHD (for review, see Solanto, 1998). From animal studies, dopaminergic effects on
the nucleus accumbens in the basal forebrain appear to be the basis for stimulant
enhancement of motor activity and reinforcement processes, while noradrenergic
effects from the locus coeruleus on the prefrontal cortex appear to be the basis of
beneficial effects of stimulants on working memory and delayed responding. Both
neurotransmitters systems are hypothesized to underlie stimulant-mediated
improvements in attention and stimulus control of behavior. It seems plausible that
these two monoaminergic systems project an increased inhibitory influence on the
forebrain leading to hypoactivity in many regions, and even greater degrees of
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hypoactivity under conditions requiring effort and concentration. In this context, research
in humans suggests that stimulants do not target specific neurobiological deficits in
ADHD, but rather exert compensatory effects, primarily by stimulant-induced reduction
in brain dopaminergic and noradrenergic systems.

Dopamine is not the only neurotransmitter system that may be abnormal in ADHD.
Research, especially using genetic analysis, suggests that serotonin may also be
involved in the pathogenesis of ADHD (Oades, 1987; Mefford & Potter, 1989; Comings
et al., 2000a, 2000b). Research to date on the possible role of serotoninergic systems
remains, however, somewhat contradictory (see Hornig, 1998; Quist et al., 2000;
Conner & Steingard, 1996). The question arises whether serotonin is involved in the
etiology of ADHD in the absence of any psychiatric comorbidities. These conditions
include depression, aggressive behavior and substance abuse. Serotonin is implicated
in major depression and noradrenaline and serotonin have been linked to aggression
and impulsive antisocial behaviors. Thus, the neurobiological underpinnings of
psychiatric comorbidity suggests the potential of serotonin pharmacologic agents to
address comorbid states in ADHD.

Summary of the Multimodal Nature of ADHD: Research indicates that multiple
influences from genetic and environmental sources contribute to the development of
ADHD. By altering brain structure and function of the developing brain, these influences
create the specific, yet diverse array of symptoms that are the primary diagnostic
criteria. No single profile of dysfunction can be determined, yet most lines of evidence
implicate brainstem monoaminergic and forebrain (frontal cortex and basal ganglia) as
primary components in this disorder. The diversity and usual co-morbidity of psychiatric
illness are an obstacle to successful treatment, other than suppression of some
symptoms by stimulant medication. In the context of multiple etiological pathways to this
developmental disorder, an approach that provides a basic integrative and balancing
influence may be able to exert a beneficial impact on ADHD. The TM program, to be
described below, offers such an approach, whereby, a unique state of restful alertness
is gained twice a day that has been documented to reduce many acute and chronic
disorders..

Psychostimulant medication: The Therapeutic "Gold Standard":  The most
frequently used therapy for ADHD is psychostimulant medication. The drugs most
commonly used to treat ADHD are methylphenidate (Ritalin®), dextroamphetamine,
(Dexedrine), amphetamine salt combination (Adderall®), and pemoline (Cylert ®)
(Amen, 1997; Voeller, 1991). In a 1990 survey of primary care physicians, 88% of
children diagnosed as ADHD had received methylphenidate (Wolraich et al, 1990).
Sager and Krager (1988) reported average durations of medication use of 2, 4, and 7
years for elementary, middle, and high school students, respectively.

Although studies have shown that approximately 60% to 80% of school-age
children respond to stimulant medications with a decrease in hyperactivity, side effects
are common. Adesman and Wender (1991) report that 50% or more of patients taking
stimulant medication experience decreased appetite and difficulty falling asleep.
Stomachaches and headaches, feelings of drowsiness, irritability and moodiness, and
tics or other movement disorders are also common. Also growth velocity may diminish
when stimulant medication is used for an extended period (see Barkley, 1990 for a
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detailed description of the above side-effects). Because of these side effects, 20% of
children discontinue medication after only four months and 50% discontinue medication
after 10 months. Studies have found that psychostimulants do not improve academic
achievement (Gadow, 1983; Thurber & Walker, 1983), or social problem-solving deficits
that accompany the disorder (Hinshaw, Henker & Wahlen, 1984). Some have argued
that the use of psychostimulants may foster externally-dependent behavior in children,
undermining self-efficacy and self-concept (Whalen & Henker, 1976). Because of the
potential side effects of psychostimulants, physicians often encourage parents to give
their children weekend and summer “drug holidays.

In summary, considerable research suggests that stimulant medication brings
significant temporary management of symptoms (average effect size of .83)(review by
Swanson et al., 1993). Medication does not, however, have significant or any effect on
academic performance, IQ (average effect size of .35), social skills or antisocial
behavior. In addition, the side effects of stimulant medication, including tics, eating and
sleeping problems and cognitive toxicity (Swanson et al., 1992) indicate the limitations
of medical intervention. Because of these facts, there is an increasing emphasis in
finding effective alternative, non-drug treatments for ADHD children (see e.g., Horn et
al., 1991).

ALTERNATIVE THERAPIES FOR ADHD: Over the last century, alternative, and
sometimes controversal, treatments have been used to help treat ADHD (Baumgaertel,
1999). The current use of alternative approaches mirrors the growing trend in society to
examine and to use complementary and alternative modes of medical intervention
(Eisenberg et al.,1993; American Medical Association, 2000). In the last 5 years, this
trend has been accompanied by increased funding by private and government agencies
of research to test the efficacy of these alternative modes of therapy. NIH established
the Office of Complementary and Alternative Medicine (CAM) as a means to bring
modern scientific research methods to bear on the problem of efficacy in the alternative
treatment of a variety of disorders.

There are numerous reasons for the rapid increase in CAM for ADHD. The primary
reason appears to be the relative lack of understanding of the cause(s) of ADHD. In
addition, stimulant medication has its known side-effects, with unknown consequences
over often prolonged periods of administration in children. And, in some cases,
stimulants have no effect forcing parents and physicians to try other treatments. Since
modern medicine can offer no cure for ADHD, parents are becoming more involved in
seeking alternative and natural approaches. These alternative approaches may not only
minimize negative side-effects, but more importantly, may impact on the underlying,
fundamental causes of the disorder, in contrast to current long-term pharmacological
treatment of symptoms.

Only in the last decade has serious funding been available for ADHD research. In
the year 2000, NIH is funding about 75 ADHD research studies. More research is being
targeted to non-pharmacological treatment. This is because there remains considerable
disagreement over efficacy of non-pharmacological approaches. These include tradition
talk therapy, restrictive or supplemental diets, allergy treatments, chiropractics,
biofeedback, perceptual-motor training, inner ear treatments and pet therapy. Some
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would suggest that only behavior modification and/or drugs are effective treatments for
ADHD approaches (Pelham & Waschbusch, 1999; Pelham et al., 1998). While it is true
that alternative approaches have been less researched, or poorly researched due to
past levels of interest and funding, enough research has been published to date to
suggest that alternatives, when applied properly, can have a significant impact on
ADHD.

Behavioral interventions:  A wide variety of non-drug alternatives to stimulant
treatment have been suggested. The most common alternative treatments involve the
use of behavioral interventions by parents, teachers, and clinicians (Duncan, 1985;
Pelham & Waschbusch, 1999). Behavioral modification treatments have been found to
be effective in the short term for specifically targeted behaviors and settings (see e.g.,
Ross, 1979). It has been used successfully to improve on-task behavior, in-seat
behavior, and attention span (see e.g., O'Leary et al., 1976). Cognitive therapy
approaches, which emphasize teaching the child a generalizable set of self-control and
problem solving skills have also shown some benefit (e.g., Mecihenbaum & Goodman,
1969). Effective behavior modification programs generally require considerable
expertise and a major time commitment on the the part of therapists, teachers, and
parents in addition to a stable and supportive family environment (Copeland & Wolraich,
1987; Barkley & Murphy, 1991). Barkley and Murphy (1991) and others (Phelham, &
Waschbusch, 1999) also state that as with psychopharmalogical approaches, cessation
of the behavior management strategies results in a return to pretreatment levels of
misbehavior. These same criticisms also apply to the cognitive therapy approaches as
well.

Dietary Management: Dietary management of ADHD continues to be the most popular
alternative approach (for review see, Breakey, 1997). Research continues to be more
sophisticated and, since diet and nutrition effect mood and behavior, the most useful
rationales have been in terms of dietary impact on central nervous system
neurotransmitters (Wurtman, 1992). The use of restrictive diets such as the Feingold
additive-free diet (Feingold, 1975) and the elimination of sucrose (Krummel, et al., 1996)
have been found to have limited and, in most cases, no effect in treating ADHD (see,
e.g., Harley et al., 1978; Wender, 1986; Wolraich et al., 1985). It has been shown,
however, that some children may have neural imbalances that make them sensitive to
or allergic to food dyes (Swanson and Kinsbourne, 1980). In addition to the lack of
consistent positive findings in this area, Duncan (1985) maintains that it is virtually
impossible to assure compliance in a child who is of school age.

Vitamin-Mineral Supplements: Research of multivitamin therapy indicate significant
benefits. Benton and Roberts (1988) found that standard multivitamin and mineral
supplements given to children of average nutritional status has positive effects on IQ. In
a follow-up placebo-controlled, double blind study, Benton and Cook (1991) found that
children taking a vitamin-mineral supplement exhibited significant increases in non-
verbal intelligence on the British Ability Scale, higher levels of concentration on a
frustrating task, and less fidgeting behavior while performing a frustrating task,
compared to the placebo group. Other studies found increased IQ with vitamin-mineral
supplementation in elementary school children and adolescent juvenile offenders
(Schoenthaler, Amos, Doraz, Kelly & Wakefield, 1991a; Schoenthaler, Amos, Eysenck,
Peritz & Yudkin, 1991b; Benton & Roberts, 1988).
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In the study by Schoenthaler et al. (1991a) abnormalities in the brain, as demonstrated
by EEG mapping, were also found to be largely eliminated by vitamin-mineral
supplementation. Schoenthaler suggests that vitamin-mineral supplementation
improves brain function by providing added nourishment to the brain. Thiessen and Mills
(1975) in a preliminary study of children with learning disabilities found that the use of a
multi-vitamin supplement (Vitamin C, niacinamide, vitamin B6, and pantothenic acid),
reduced hyperactivity, sleep disturbances, and perceptual dysfunctions. Kershner and
Hawke (1979), using a similar compound, failed to find significant improvement in 20
learning disabled children on cognitive, perceptual, and behavioral measures. Other
studies have shown that a broad-based vitamin-mineral supplement can positively affect
mood in juvenile offenders (Schoenthaler, 1987) and subjects with low levels of blood
vitamins (Heseker et al., 1990).

In epidemiological studies, deficiencies in niacin, pantothenic acid, thiamine,
vitamin B6, and vitamin C have been related to aggressive behavior (see. e.g.,
Gelenberg, 1988; Lonsdale & Shamberger, 1980; McLaren, 1988). Lonsdale and
Shamberger (1980) found that adolescents exhibiting marginal thiamine deficiency were
generally impulsive, highly irritable, aggressive, and sensitive to criticism. Following
thiamine supplementation, these same subjects showed improved behavior in terms of
the above symptoms.

A preliminary study of iron supplementation of ADHD children noted
improvements in parent behavioral ratings (Sever, et al., 1997). Magnesium
supplements may also improve ADHD symptoms (Starobrat-Hermelin & Kozielec,
1997). Iron deficiencies may cause learning deficits and behavioral impairment by
diminishing dopamine neurotransmission in animals (Youdim et al., 1990). Additionally,
iron is needed as a co-factor for the enzymes which metabolize not only dopamine, but
also serotonin and norepinephrine, which have a major on influence on behavior
(Werbach, 1992). According to Levy (1991), lower levels of dopamine are associated
with the ADHD syndrome. Also, there is evidence in both mice and humans that
deficiency in magnesium may promote aggressive behavior by enhancing
catecholamine secretion and sensitivity to stress (Izenwasser et al., 1986; Henrotte,
1986). Zinc deficiency has been hypothesized as a causative factor in ADHD. Zinc is
necessary for numerous biochemical processes in the body and brain. Zinc was found
at significantly lower serum levels (Kozielec, et al., 1994) and hair levels (Arnold, et al.,
1990) in children with ADHD compared to controls. In rats, chronic manganese
exposure has been shown to produce hyperactivity with an increased tendency to fight
(Chandra, 1983). Also according to Barkley (1990) some evidence exists to show that
elevated blood lead levels in children may be associated with a higher risk for
hyperactivity and inattention (see e.g., Baloh et al., 1975; Needleman et al., 1979).

Deficiencies in tryptophan, an essential amino acid and a dietary precursor to
serotonin (a major neurotransmitter associated with modulating aggressive behavior),
has been found to be related to aggressive/violent behavior (e.g., Giammanco, 1990). In
a study with social groups of vervet monkeys, males with a tryptophan-free dietary
mixture exhibited higher aggressive behavior during competition for food, whereas both
males and females in the high-tryptophan mixture group tended to show lower levels of
aggression (Chamberlin et al., 1987). Essential fatty acids (EFAs) are essential for
proper brain development and function. Several studies suggest that EFAs are
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correlated with ADHD symptoms, in particular, hyperactivity (see, Stevens, et al., 1995).

In summary, the above findings show preliminary evidence that broad-based
vitamin-mineral supplements may have a positive affect on the behavior, personality,
and cognitive functioning of children, who show deficits in these areas.

Herbs and Antioxidants:  Most cultures have traditional medicines for various
disorders. Recent examination of many of the herbs and/or their 'active' ingredient
suggest some of these may be useful for treating ADHD. These compounds/herbs
include pycnogenal, melatonin, gingko biloba, and valerian. Studies are just now getting
underway to examine some of these compounds (see, Baumgaertel, 1999).
Homeopathy has been used for treatment of ADHD symptoms for a long time. It uses
extreme dilutions of plant and mineral extracts. A recent placebo-controlled study has
demonstrated significantly improved outcomes in behavior for ADHD children (Lamont,
1997).

Biofeedback and Relaxation Therapies:  Numerous techniques aimed at enhancing
self-regulatory brain processes are currently be used to treat ADHD. These include
hypnotherapy, guided imagery, biofeedback and relaxation training. During the last
twenty years, the impact of several of these approaches have been examined in ADHD
populations. Research has shown that relaxation training may hold promise as a non-
pharmacological means of reducing disruptive behaviors and increasing positive
adaptive behaviors in hyperactive children (Downey and Poppen, 1989). Linn and
Hodges (1980) found that hyperactive children who received biofeedback training
exhibited improved attention span and a more internal locus of control than control
subjects. Bharata, Arnold, Lorance, and Gupta (1979) found that a group of hyperactive
boys who were given EMG biofeedback with supplementary home relaxation tapes,
exhibited decreased frontalis EMG compared to a control group. Although parental
ratings of behavior improved over the 12-week period, the children in the experimental
group returned to pretest levels during the follow-up period.

Hughes, Henry, and Hughes (1980) showed that the use of EMG biofeedback with
actometer feedback and contingent reinforcement (with three children exhibiting activity-
level problems) increased academic performance, observed time on task, and locus of
control. Other studies, using EMG-assisted relaxation training procedures, showed
lower impulsivity and greater attention to task (Omizo & Michaels, 1982; Rivera &
Omizo, 1980), greater subjective feelings of control (Denkowski et al., 1984), and less
fidgeting (Omizo & Williams, 1981), and improved reading and language scores
(Denkowski et al. 1984). Omizo et al. (1986) found, in addition to lowered muscle
tension levels, increased performance in paired-associate memory tasks in the
experimental hyperactive group. Denkowski and Denkowski (1984) found that
progressive relaxation training resulted in a more internal locus of control in hyperactive
children compared to a placebo group, whereas EMG biofeedback did not. No
significant differences were found among progressive relaxation, biofeedback, and
placebo groups on verbal tests and ratings of behavior. Hershey (1983) trained
hyperactive children (with the use of autogenic phrases) to raise skin surface
temperature (a measure of body relaxation). Hershey noted a decrease in hyperactive
behaviors and concomitant increases in emotional stability and self-confidence as a
result.
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Behavioral Relaxation Training (BRT), consisting of ten overt postures and
behaviors taught by modeling, prompting, and performance feedback (see Poppen,
1988; Schilling & Poppen, 1983) has shown promising results with hyperactive children.
Studies have shown that BRT produces relaxation, as indicated by reductions in
frontalis muscle tension, improves behavior, as measured by the Hyperactivity Index of
the Conners Parents Rating Scale (Donney & Poppem, 1989; Raymer & Poppen,
1985), and increases performance on a complex reaction-time task (Brandon et al.,
1986; Eason et al, 1986). Body movement (kinestihetic) studies, employing the use of
immediate reward systems, have found that hyperactive children can limit their own
overactive behavior (Ball & Irwin, 1976; Krasner & Phillips, 1980).

In summary, the results of the above biofeedback and relaxation studies indicate
that providing relaxation and normalization of motor activity in ADHD children can be of
value in creating neurological balance and diminish the excessive activity level of ADHD
children.

Neurofeedback: By far, the most careful and extensive biofeedback work has been
with electroencephalography (EEG; for review, see Lubar, 1991; Lubar, 1997). EEG
biofeedback or neurofeedback is based on the studies that indicate abnormalities in the
brainwaves of ADHD children. By 'feeding back' the information of brain dynamics (in
the form of simple auditory or visual cues), children can easily learn to modulate their
baseline EEG signatures. Altering a child's EEG frequency components in specific ways
correlates with improvements in ADHD. The primary pattern that shows up in ADHD
children appears to be slowing of brain activity in prefrontal regions. More specifically,
ADHD subjects displayed decreased beta and increased theta activity (Lubar, 1991;
Mann, et al., 1992). These two variables alone could account for most of the variance in
EEG patterns of ADHD vs. control subjects (Mann et al., 1992). In contrast, Nall (1973)
found that it is possible to train hyperactive children to produce EEG alpha waves,
although no significant change in behavior or academic performance was noted in the
subjects.

The theta/beta ratio can be used to document training progress and reduction in
symptoms (Lubar, 1991). Neurofeedback beta and theta training reduced attentional
difficulties (better ability to focus and concentrate) and hyperkinetic behaviors with
subsequent reduction in stimulant medication. A discriminant function analysis using
theta and beta activity was able to predict ADHD group membership. Intensive
neurofeedback to reduce theta and increase beta activity showed significant increases
in TOVA performance, parent ratings of behavior and WISC-R scores (Lubar et al.,
1995).

A recent validation study of QEEG analysis indicated significant maturational
effects in cortical arousal in the prefrontal cortex. There was evidence of cortical slowing
for ADHD with or without hyperactivity (Monastra et al., 1999). This study of QEEG-
based neurometric testing for ADHD assessment had a sensitivity of 86% and
specificity of 98%. These results strongly indicate the usefulness of this approach and
continued validation of the hypothetical model of developmental delay and hypoarousal
in brain function underlying ADHD. Recent work suggests that methylphenidate may
improve performance of ADHD children, in part, by its ability to lessen the impact of
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abnormalities in brain rhythms, especially EEG coherence, phase and asymmetry, on
performance measures (Lubar et al., 1999; see also, Swartwood, et al., 1998).

In summary, the use of neurofeedback is growing rapidly. However, only a handful
of careful research studies have been carried out that demonstrate clear clinical
success. During the last 25 years, neurofeedback has applied our growing
understanding of brain activity dysfunction in ADHD to help alleviate many of the
symptoms. EEG biofeedback training, when properly employed can lead to significant
changes in EEG parameters of the brain that correlate with improvement in
psychometric tests and academic performance. More research should be carried out to
delineate the variables that most effectively impact positively on each child. There are,
however, several difficulties that come with this success: neurofeedback requires a the
large number of training sessions to generate change, and the training sessions require
considerable manpower, expensive equipment and must be carefully applied and
discontinued. In addition, the nature and duration of any benefits has yet to be
determined.

Maharishi Vedic Medicine:
An Alternative & Complementary Treatment for ADHD

Maharishi Vedic Medicine (MVM) is one of the most widely researched
alternative approaches to healthcare available today (Sharma & Clark, 1998). There are
four main areas of natural health care included in Maharishi Vedic Medicine: 1)
Mental—Maharishi's Transcendental Meditation program (Wallace, 1986; Roth, 1994);
2) Physiological—Maharishi Vedic Medicine Panchakarma (natural purification
procedures) program (Averbach et al., 1989; Schneider et al., 1985), diet
recommendations, herbal food supplements (Gelderloos et al., 1990; Glaser, 1988), and
exercise (Averbach et al., 1989); 3) Behavioral—daily and seasonal routines taking into
account chronobiological rhythms (Averbach et al., 1989); and 4)
Environmental—collective health measures to reduce stress in society (Dillbeck et al.,
1987; Orme-Johnson et al., 1988). Based upon the background research findings on
ADHD, we propose to use the two MVM modalities— the Transcendental Meditation
technique and recommendations for diet, herbal food supplements and daily routine.

Rationale: To date, we know of no research conducted on ADHD populations using the
Transcendental Meditation technique or other aspects of MVM as interventions. This
proposal is, however, based on over 40 years of research on the TM program. Over 500
studies conducted by researchers at over 200 research institutions and universities
around the world indicate the effectiveness of the practice of TM in improving mental
and physical health and social behavior.

Research supports the ability of MVM, in particular, the uniqueness of the TM
program, to positively impact the following issues that define the ADHD population:

1) The technique can be successfully practiced by children: The TM technique is a
natural, simple technique that is easy to learn and practice, even by ADHD
individuals. Children enjoy practicing twice a day.
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2) The technique has the ability to influence the whole individual: The TM
technique generates a holistic effect on the physiology and psychology and its
practice by children should  significantly reduce all 3 main symptoms of ADHD.

3) The technique can do more than just reduce symptoms: The TM technique is
one approach that impacts fundamental patterns of brain function and thus,
simultaneously should alleviate symptoms while enhancing cognitive and behavioral
development.

4) The technique is without negative side-effects: The TM technique, because of its
natural influence of increased order and integration based on the body's own inner
intelligence, has no undesirable side effects. This is in contrast to the usual
psychostimulant treatment.

5) The technique can impact genetic disorders: The TM technique, because it
provides deeply restful and coherent influence on body and mind appears capable of
normalizing many chronic disorders which generally have strong genetic
associations, not unlike ADHD genetically linked vulnerabilities.

6) The technique can have beneficial effects on developmental processes: The
TM technique enhances child development, increasing intelligence, creativity, moral
reasoning, impulse control, and academic performance.

7) The technique can impact prefrontal cortical executive functions: The TM
technique has been shown to improve the functioning of prefrontal cortex processes,
and alter brainstem and basal forebrain control mechanisms that are implicated in
the neurobiological abnormalities of ADHD. It should therefore help normalize
developmental imbalances.

8) The inclusion of MVM recommendations will facilitate the process of
normalization: The recommendations of MVM, including herbal formulations, diet,
and daily routine, are capable on their own of helping to bring balance to the mind
and body, and should provide a synergistic, beneficial effect with the practice of the
TM technique.

The Transcendental Meditation Technique: The Transcendental Meditation program
represents an important modality of Maharishi Vedic Medicine  and the one that has
been most thoroughly researched. The following review shows the positive impact of
TM on brain activity and hence on cognitive functioning, behavior, academic
achievement, and personality characteristics—the four main areas of disruption in
ADHD. While many of these studies have design limitations in that they lack random
assignment and some were uncontrolled, the fact that these effects have been
repeatedly observed in many settings offers cross-validation for the findings. In addition,
meta-analyses on TM research that have assessed strength of research design have
found that results are as or more significant in studies with strong design (See below;
Eppley, Abrams, & Shear, 1989; Alexander, Rainforth, & Gelderloos, 1991; Orme-
Johnson & Walton, 1998).
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A summary of the balancing effects that are predicted in ADHD children
practicing the TM technique in presented in figure 2. The three main diagnostic
symptoms from DSM-IV are listed with a parallel, one-to-one assignment of benefits
documented from research on the TM technique, with selected references. A more
comprehensive research analysis is found below.

Figure 2
Restoring Balance in ADHD Children: Summary of

Benefits of the Transcendental Meditation Program.

Research on the Transcendental Meditation Technique
and its Potential Impact on ADHD

Anecdotal Reports on the TM Technique & ADHD: There are no reports of research
studies examining the cognitive and behavioral effects of the TM technique on ADHD
individuals. However, over the last 40 years of teaching the TM program around the
world, it is estimated that over 1000 ADHD children (3% of children instructed) have
been instructed and many have reported benefits from the twice daily practice. During
this period, no systematic examination of reported experiences by child or parent have
been attempted to document results, primarily due to confidentially.

There are, however, numerous anecdotal experiences during the last 40 years.
Many teachers of the TM technique who have taught hyperactive children have found
noticeable effects within the first few of weeks of practice. Parents have reported that
their ADHD children easily learn to meditate and experience immediate relaxation of the
body and increased calmness of mind. For example, a 14-year old boy diagnosed with
ADHD was taught the TM technique. The TM teacher reported the same effects noted
above. In addition, this child’s parents reported that the boy’s behavior and mood was
dramatically improved, while an aunt of the boy reported increased pro-social behavior
within the first week of instruction. In another situation, a child diagnosed as ADHD
completely discontinued methyphenidate psychostimulant medication within three and a
half months of starting the practice of TM without return of pretreatment symptoms.

Detailed Summaries of Research: In the next section, research will be presented
indicating that the TM technique, because of its ability to create widespread coherence
and balance in brain physiology, can impact on nearly every aspect of physiological and
psychological dysfunction associated with ADHD. These include areas of brain
integration, neuroendocrine patterns, attention, behavior, academic achievement, and
personality development.

Research on Brain Integration and Balance: The practice to the TM technique leads



20

to rapid and high levels of brain integration. For example, Banquet (1973) was the first
of many to report increased frontal central alpha power during TM. An important
parameter, probably more important than EEG power variable, in measuring and
understanding brain integration, is EEG coherence, a measure of overall stable
integration of brain processing (Levine et al., 1976).  During the TM technique EEG
coherence is found to rapid appear and spread across the frontal regions of the brain
(Levine, 1976; Levine et al., 1976). Dillbeck & Vesely (1982) reported increased frontal
coherence during sessions when individuals were acquiring information in a concept
learning task. R. Nidich, et al., (1989) showed that length of time practicing TM was
positively correlated with higher EEG coherence in the frontal lobes.

These high levels of cortical integration are not reported for any other technique
(see Levine et al., 1976; Banquet & Sailhan, 1974; Banquet et al., 1977). Higher levels
of EEG coherence measured during the practice of the Transcendental Meditation
technique are significantly correlated with increased fluency of verbal creativity, higher
IQ, higher academic achievement, increased neurological efficiency, more principled
moral reasoning, decreased neuroticism, increased efficiency in learning new concepts,
and clearer experiences of self (Dillbeck et al., 1981; Haynes et al., 1976; Nidich et al.,
1989; Nidich et al., 1983; Orme-Johnson & Haynes, 1981). Figure 3 illustrates the high
correlation between brain coherence and the above mentioned cognitive and behavioral
measures. These correlations collectively suggest an significant increase in orderly
brain functioning associated with the practice of the TM technique. It is important to note
that levels of coherence of frontal lobe functioning have been related to pro-social
behavior and higher levels of moral reasoning (Nidich et al., 1983; 1989), which have
been found to be problem areas in ADHD children (Mefford & Potter, 1989; Hinshaw, et
al. 1984).

Figure 3
EEG Coherence Correlations with

Physiological and Psychological Measures.

EEG Evoked Potentials: Since some ADHD children can have altered neural
processing of sensory stimuli, especially CNV, it is significant to note that students
practicing TM display increased levels of neurophysiological efficiency in sensory
processing measured by event-related potentials. For example, compared to controls,
TM practitioners display increased CNV amplitude and decreased distractibility (Travis
and Tecce, 1998; Travis & Miskov, 1994). Research on the elderly indicate that practice
of the TM technique reduced age-related declines of P300 indicating the ability of TM to
enhance brain functioning and faster processing of cognitively complex information
(Goddard, 1989). Lyubimov (1992, 1994) forund that during the TM program some of
the early sensory components of the brain's response to somatosensory stimulation (0-
100msec) are more widely distributed across the cortex. These results suggest that
during the TM technque there is an increase in the areas of the cortex taking part in
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perception of specific information and an increase in the functional relationship between
the two hemispheres.

Other research has shown improved efficiency of information transfer,
increased vigilance and improved capacity for selective attention in the brain. These
studies include, for example, shorter latencies of auditory evoked potentials, both during
and outside the practice of Transcendental Meditation (Kobal et al, 1975; Wandhofer et
al., 1976), changes in brainstem auditory evoked potentials following the
Transcendental Meditation and TM-Sidhi Program (McEvoy et al., 1980), and faster
reactions with fewer mistakes (visual choice reaction time) correlated with shorter
latency and larger amplitude of visual evoked potentials (Banquet and Lesevre, 1980).

Together, these studies indicate that the experience of TM improves brain
processsing of information. In the light of the reduction in evoked potential activity in
ADHD, especially the late components correlated with selective attention, stimulus
detection and discriminating between stimuli, meditation could have beneficial effects on
information processing in these students.

Neuroendocrine Reseach:  A number of neuroendocrine factors have been implicated
in ADHD dysfunction including serotonin, dopamine, and norepinephrine brainstem
(Castellanos, 1999; Hynd, et al., 1991). Comings (1990) reported significantly
decreased plasma tryptophan (the metabolic precursor to serotonin) in ADHD patients.
He suggested a dysregulation of serotonin metabolism as the basic defect in ADHD.
Bujatti & Reiderer (1976) reported an increased rate of excretion of 5-HIAA, the
principal metabolite of serotonin, during individual TM sessions, and other studies
suggest higher average serotonin availability with regular practice of TM (Loligerr, 1990;
MacLean et al, 1992; Walton, et al, 1990; Walton et al., 1983). These findings suggest a
possible mechanism through which practice of TM may directly benefit children with
ADHD.

Furthermore, long-term reduction of plasma cortisol is the expected result of
greater serotonin availability. Cortisol, which has been associated with aggressive
behavior in non-human primates (Sapolsky, 1990), drops acutely during TM and is
maintained at lower average levels in regular meditators (Jevning, Wilson, & Davidson,
1978). Decreased baseline cortisol and increased serotonin availability reflect a more
adaptive neuroendocrine profile (MacLean et al, 1992). After four months of practicing
TM, a group of young males exhibited lower baseline cortisol with higher response to
acute challenge (MacLean, et al., 1992). This suggests that TM improves adaptive
mechanisms and homeostasis (Werner et al., 1986). Other cross-sectional studies have
also reported such effects (Dillbeck & Orme-Johnson, 1987; Goleman & Schwartz,
1976).

More stable balance of the physiology as measured by plasma hormone levels and
reactivity to stress has also been documented (Hill, 1989). Finally, increased plasma
levels of arginine vasopressin, associated with body fluid balance and with learning and
memory, are reported during the TM technique (O'Halloran et al., 1985).

Research on Attention: Several studies have found that practice of the TM technique
increases attention, as measured by simple reaction time, choice reaction time, and
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standard error of reaction time (Cranson et al., 1991; Appelle & Oswald, 1974). TM
improves attention to a visual task with distractors (Dillbeck, 1982; Pelletier) and
inceases alertness (Williams & West, 1975). In other cognitive areas, practice of the TM
technique has been found to enhance problem-solving ability (Dillbeck, 1982), improve
secondary organization memory (Miskiman, 1977), increase perceptual motor speed
(Jedrczak, 1986), and enhance originality and flexibility of thinking (Travis, 1979,
Schecter, 1978). Research also shows an increase in analytical intelligence and general
fluid intelligence (Dillbeck et al., 1990).

Research on Behavior: In studies of behavior, practice of the TM technique has been
shown to lessen overactive and impulsive behavior in psychiatric patients (Candelent &
Candelent, 1975), improve echolalic behavior in an autistic student (Wood, 1981),
decrease temper tantrums and irritability in a mentally retarded woman (Eyerman,
1981), and increase positive behaviors of juvenile offenders, as assessed by a parent-
report questionnaire (Childs, 1977). Throll (1989) also found a significant decrease in
the abuse of drugs, while Nidich and Nidich (1987) found higher levels of pro-social
behavior in adolescents practicing the TM technique.

Research on Academic Achievement: Studies have also found that practice of the
TM technique improves overall academic performance in elementary and middle school
students (Nidich et al., 1986; Kory & Hufnagel, 1977), in secondary school students
(Nidich & Nidich, 1989) and in college students (Kember, 1985; Collier, 1977; Heaton &
Orme-Johnson, 1977). Additional research shows improved reading comprehension,
ability to concentrate, and memory in a group of secondary school students practicing
TM compared to controls (Nataraj & Radhamani, 1975).

Studies of students during their first year at the Maharishi International University
laboratory school, where all students practice the TM technique, found significant
improvement in their academic achievement. The first study on 37 students in grades 3
to 8 found a median increase of 15 pecentile points on the Iowa Tests of Basic Skills
(ITBS) Composite scale (Nidich et al., 1986). Students increased from a percentile rank
of 51 (almost the norm) to a percentile rank of 66. In addition, the percentage of
students at grade level or higher on the Composite scale increased significantly by 24%.
Forty-two percent of the new students were below grade level at the beginning of the
school year with only 18% still below grade level by the end of the school year. As cited
above, children with ADHD tend to fall behind in their academic achievement, many
failing to graduate from high school. The data on the percentage of students below
grade level is particularly significant since it shows that students who were below grade
level and practiced TM tended to gain at least a grade level competence in academic
achievement.

In a replication study on students in grades 3 to 11, Nidich and Nidich (1989) found
that 42 new students to the laboratory school exhibited a significant improvement in
academic achievement as measured by the Composite scale of ITBS. Also, with regard
to academic achievement, it was reported length of time in terms of months and years
practicing TM was significantly related to academic performance (Muehlman et al.,
1988). These studies indicate that practice of TM may have a significant impact on the
academic achievement level of the children in our study.
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Research on Personality Development: A number of studies have been published
that involving factors associated with ADHD. These factors include immature levels of
personality and social development. Research in the area of personality has found that
practice of the TM technique enhances self-concept (Nystul, 1977), increases internal
locus of control and inner-directedness (see below, Hjelle, 1974;  Seeman et al.,1972;
Nidich et al., 1973), develops a sense of autonomy and self-sufficiency (Geisler, 1978;
Gelderloos, 1987), increases time competence (Nidich et al., 1973),  and improves self-
image, tolerance, and sociability (Hanley & Spates, 1978). Studies have also found
significant decreases in neuroticism (Tjoa, 1975), anxiety (Dillbeck, 1977), hostility and
depression (Hahn & Whalen, 1989), social inadequacy (Penner et al., 1974) and social
inadequacy (Hanley & Spates, 1978). A study on students with learning disorders
showed increased inner-directedness, self-regard, and acceptance of aggression
compared to controls (Jackson, 1977). Another study involving students with learning
problems showed decreased neuroticism, general anxiety, manifest anxiety,
examination anxiety, and school-dislike as compared to controls (Overbeck & Tonnies,
1989).

Seeman, Nidich, and Banta (1972) found that 15 undergraduate students who
began the practice of TM showed a higher level of self-actualization over a two-month
period compared to 20 non-meditating controls. TM subjects showed significantly higher
levels of inner directedness, self-actualizing values, self-regard, capacity for intimate
contact, and acceptance of aggression. Nidich, Seeman, and Dreskin (1973) in a
replication study found that nine undergraduate students who practiced TM over a 10-
week period showed a significantly higher level of self-actualization than nine non-
meditating controls, using the Personal Orientation Inventory. TM subjects were found
to exhibit increased inner-directedness, increased time competence, increased feeling
reactivity, capacity for intimate contact, and acceptance of aggression. In addition, TM
subjects showed higher levels of self-regard and self-acceptance.

In summary, since the dysfunctioning of temporal sequence and lack of goal-
orienting and inner control are central deficits of ADHD, these studies suggest the TM
technique can provide a fundamental ordering influence on these children. In addition,
the findings on increased inner-directedness is relevant to the proposed study because
there is concern over the fact that the use of treatments, such as stimulant medication,
may produce a greater external locus of control (Horn et al., 1991). These studies
suggest that practice of TM results in an increased internal locus of control (see also
Hjelle, 1974). The findings on self-regard and self-acceptance indicate that practice of
TM produces a more positive self-concept. ADHD children have been found to have a
lower self-concept compared to normals (Horn et al., 1991; Barkley, 1990). Also
improvement on the capacity for intimate contact and acceptance of aggression scales
suggest that ADHD children may experience improved social behavior as a result of
practicing TM.

Uniqueness of the TM Program to Enhanced Brain Development: There are
numerous methods currently purported to reduce stress and improve brain and
cognitive development. Although any stress-reduction technique will lead to some
alteration in experience and hence brain function, different methods produce strikingly
different results (Orme-Johnson & Walton, 1998). Thus, the choice of methods utilized
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to alleviated brain and cognitive dysfunction in ADHD is critical for optimal effectiveness
in reversing the neurophysiological and psychological basis of the disorder.

Early research found marginal or insignificant results for some of the procedures
once thought to decrease stress (Fodor & Chockalingam, 1990; Fredrikson & Matthews,
1990; HTCR Group, 1992). For instance, Eisenberg et al., who conducted a meta-
analysis of 26 studies that evaluated Benson’s relaxation technique, progressive muscle
relaxation, biofeedback, meditation (excluding TM) and other “stress management”
procedures, found that the efficacy of these approaches in reducing hypertension was
equivalent to that of placebo techniques (Eisenberg et al., 1993).

Comparative studies suggest that Transcendental Meditation technique is the most
effective, scientifically-studied stress-reduction program, as measured by many
physiological and psychological parameters (Alexander et al., 1993; Alexander et al.,
1991; Alexander et al., 1994; Dillbeck & Orme-Johnson, 1987; Eppley et al., 1989). For
example, in a meta-analysis of 146 independent outcomes, Eppley found the TM
technique was significantly more efficacious than other relaxation techniques in
reducing anxiety (Eppley et al., 1989). Additional studies also showed the TM technique
was the most effective in improving physical (Alexander et al., 1989; Schneider, et al.,
1995) and psychological health (Alexander et al., 1991; Brooks & Scarano, 1985;

Eppley et al., 1989; Orme-Johnson & Walton, 1998)..

A more recent summary of 8 meta-analyses of 597 studies, comparing the TM
program and other stress-reduction techniques, further confirms the TM program’s
effectiveness (see figure 4). It shows that the meditation technique is the most effective
technique in reducing trait anxiety, reducing blood pressure, producing deep
physiological relaxation, increasing self-actualization, improving psychological
outcomes, and decreasing cigarette, alcohol and drug use (Alexander et al., 1994;
Orme-Johnson & Walton, 1998).

Figure 4
Comparison of the Transcendental Meditation Program

and Other Stress-Reduction Techniques:
Results of Eight Meta-Analyses

In conclusion, comparative research studies indicate that the TM program is the most
effective program to reduce stress and anxiety, and to enhance the overall quality of
physiological and psychological functioning. The TM program is thus capable of
providing the maximum impact on the physiological and psychological abnormalities of
ADHD while improving the overall quality of life.

Maharishi Vedic Medicine Herbal Formulations

General Reseach on Herbal Formulations: Maharishi Vedic Medicine Rasayanas are
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herbal food supplements traditionally recommended to maintain good health and
promote longevity (Sharma, 1983; Sharma & Clark, 1998). Rasayanas are natural
herbal preparations of fruits, herbs, and minerals whose unique formulas provide
synergistic effects. Maharishi Vedic Medicine herbal food supplements are preparations
from India’s Vedic tradition, discovered thousands of years ago and maintained over the
generations by Ayurvedic physicians (vaidyas). It should be understand that the
Maharishi Vedic Medicine herbal food supplement program is a different approach to
treatment than restrictive diets such as the Feingold diet and sugar elimination diets.

Rasayanas have been found to have a positive effect on the functioning of the
immune system, the cardiovascular system, and on factors associated with the
development and suppression of cancers. The specific herbal food supplement that we
propose to use in our study is Maharishi Amrit Kalash (MAK). MAK has been shown to
improve cognitive factors associated with deficits experienced by ADHD children. Of
particular importance to this study is research indicating positive effects of Maharishi
Vedic Medicine herbal food supplements on cognitive performance, psychological
functioning, and behavior (see Sharma, 1992). Initial studies on MAK indicate that it
significantly improve cognitive functioning (Nidich et al., in press; Gelderloos et al.,
1990) and produce a powerful anti-antioxidant effect, which is suggested to improve the
functioning of the brain (e.g., Kauffman et al., 1993; Bondy et al., 1991). Other studies
indicate that MAK may have a modulating effect on anxiety, depression, aggression and
hostility (Hanissian et al., 1988; Sharma, Hanissian et al., 1991).

MAK Effects: Excessive oxidation, occurring at the cellular level, has been suggested
to negatively affect the functioning of the brain. Excessive oxidation occurs through free
radicals—fragments of atoms or molecules with highly reactive unpaired electrons—that
attack nucleic acids, proteins, fats, and carbohydrates, altering their structure and
function. A number of factors, including poor diet, pollution, infection, inflammation, and
stress, are known to contribute to uncontrolled or excessive formation of free radicals
(see e.g., Richards, & Sharma, 1991; Blake et al., 1987). Niwa (1991) found that MAK
markedly decreased superoxide, hydrogen peroxide and hydroxl radical generation in
both neutrophil chemotaxis and xanthine-xanthine oxidase systems. Both products also
were found to significantly reduce lymphocyte blastogenesis responses to
phytohemagglutinen, concanavillin A, and pokeweed mitogen. Fields et al. (1990) also
showed the complete scavenging of superoxide ions in MAK treated polymorphonuclear
leucocytes without compromise of white cell viability or respiration when cells were
stimulated by phorbol myristate acetate or xanthine-xanthine oxidase.

Sharma et al. (1992) demonstrated an anti-oxidant effect of MAK on human low-
density lipoproteins (LDL). They showed that these preparations cause concentration-
dependent inhibition of LDL oxidation as assessed by thiobarbituric acid-reactive
substances and electrophoretic mobility. These preparations showed more anti-oxidant
potentcy in preventing LDL oxidation than ascorbic acid, alpha-tocopherol, or probucol.
Bondy et al. (1990) found that MAK provided almost 100% protection from toulene
vapors. Toulene is a widely used industrial solvent which has been demonstrated to
produce damage to the cerebellum by free radical mechanisms. This study suggests
that MAK may be useful in preventing on-going damage to the brain caused by free-
radical generation in toxic environments.
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Other research indicates a link between ongoing free radical damage sustained by
the brain tissue and impairments in cognitive processing ability (Carney et al., 1991;
Bourre, 1991; Qian et al., 1992; Dettaan et al., 1992). These studies suggest that anti-
oxidant compounds may have a salutary influence on cognitive abilities that are related
to the kinds of cognitive deficits experienced by ADHD children.

Gelderloos et al. (1990), using a randomized, double-blind, placebo-controlled
study of 48 adults, found that the use of MAK over a 3- and 6-week period of treatment
significantly increased performance on a visual discrimination task. Because successful
performance on this visual processing task requires sustained attention in the midst of
task distractors, this study indicates that MAK may have a valuable effect in
ameliorating the attention deficits of ADHD children.

The effect of Herbal Formulations on Serotonin Metabolism and Mood:  Studies by
Hanissian et al. (1988) and Sharma, Hanissian et al. (1991) investigated the interaction
of MAK with opioid receptors in the brain. Tests with MAK showed generalized inhibition
of neural opioid receptor activity, suggesting that MAK may produce positive emotions
and have a calming effect on the nervous system. Hauser et al. (1988) found that  MAK
interacts with the same serotonin receptor on blood platelets as imipramine. Given the
suggested relationship of imipramine with serotonin, this study suggests that MAK may
increase serotonin levels and thus provide a positive effect on aggression, hostility, and
mood. Also, self-reports by human volunteers indicate that MAK improves psychological
well-being (Sharma et al., 1991b). A self-assessment survey of 659 individuals taking
MAK also indicated less fatigue and greater clarity of mind (Blasdell et al., 1991).

MAK has been shown to produce a striking inhibition of [3H]-imipramine binding to
human blood platelet membrane receptors (Hauser et al., 1988). Numerous studies
have suggested the role of serotonergic activity in various behaviors such as depressive
illness, anxiety, learning, and memory. The ability of MAK to interact with platelet
imipramine receptors, and therefore theoretically block serotonin uptake, may partially
explain the ability of MAK to reduce depression and psychiatric distress in general
(Sharma et al., 1991b).

In summary, the above studies on MAK indicate some of the beneficial effects of
Maharishi Vedic Medicine herbal food supplements. The use of MAK is expected to
improve brain functioning, which should be reflected in the amelioration of cognitive
deficits experienced by ADHD children, as well as improve their mood and behavior.

Conclusion of Background and Significance

Research supports the idea that the Transcendental Meditation program can
help counteract the effects of brain dysfunction evident in ADHD children.
Research has shown the ability of the TM technique to enhance orderly function
and balance in numerous physiological and psychological disorders, many of
which have genetic associations.

Modern physiological research on the causes of ADHD behavior have
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identified two strong neurophysiological correlates: abnormal prefrontal cortical
processes and abnormal neurotransmitter metabolic patterns. These systems are
responsible for proper developmental expression of attention and motor control.
Recent research using PET, SPECT and MRI technology has discovered
metabolic abnormalities (functional lesions) in the brains of some ADHD
individuals. Since the TM technique produces marked improvements in brain
function and cognitive abilities, we anticipate that these abnormalities will be
rebalanced by the Transcendental Meditation technique.

Therefore, the Maharishi Vedic Medicine program is expected to help restore
normal neural and cognitive function. Specifically, it is predicted that this MVM
treatment combination will result in improved attention, reduced impulsivity and
hyperactive behavior, and improved academic performance in ADHD children as
compared to controls. By reversing the functional lesions observed in the brains
of ADHD students, the Transcendental Meditation technique should provide an
effective, much-needed non-pharmacologial approach to treating ADHD.
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