
Printed Edition of the Special Issue Published in Children

Pediatric Integrative Medicine: 
An Emerging Field of Pediatrics

Edited by

Hilary McClafferty

www.mdpi.com/journal/children



Hilary McClafferty (Ed.) 
 
 
 
 
Pediatric Integrative Medicine:  
An Emerging Field of Pediatrics 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 



This book is a reprint of the special issue that appeared in the online open access journal 
Children (ISSN 2227-9067) in 2014 (available at: 
http://www.mdpi.com/journal/children/special_issues/pediatric_integrative_medicine). 
 
 
Guest Editor 
Hilary McClafferty  
University of Arizona  
Center for Integrative Medicine 
3055 N. Campbell Ave. Suite 113 
Tucson, AZ 85719 
USA 
 
 
 
 
Editorial Office 
MDPI AG 
Klybeckstrasse 64 
Basel, Switzerland 
 
 
Publisher 
Shu-Kun Lin 
 
 
Managing Editor 
Delia Costache 
 
 
 
1. Edition 2015 
 
MDPI • Basel • Beijing • Wuhan 
 
 
 
ISBN 978-3-03842-063-7 
 
 
 
 
 
© 2015 by the authors; licensee MDPI, Basel, Switzerland. All articles in this volume are 
Open Access distributed under the Creative Commons Attribution 3.0 license 
(http://creativecommons.org/licenses/by/3.0/), which allows users to download, copy and 
build upon published articles even for commercial purposes, as long as the author and 
publisher are properly credited, which ensures maximum dissemination and a wider impact of 
our publications. However, the dissemination and distribution of copies of this book as a 
whole is restricted to MDPI, Basel, Switzerland.  



III 
 

Table of Contents 
 
 
About the Editor .................................................................................................................. V 
 
List of Contributors ............................................................................................................VI 
 
 
Hilary McClafferty 
Integrative Pediatrics: Looking Forward 
Reprinted from: Children 2015, 2(1), 63-65 
http://www.mdpi.com/2227-9067/2/1/63 ................................................................................ 1 
 
Hillary A. Franke 
Toxic Stress: Effects, Prevention and Treatment 
Reprinted from: Children 2014, 1(3), 390-402 
http://www.mdpi.com/2227-9067/1/3/390 .............................................................................. 4 
 
Amelia Villagomez and Ujjwal Ramtekkar 
Iron, Magnesium, Vitamin D, and Zinc Deficiencies in Children Presenting with Symptoms of 
Attention-Deficit/Hyperactivity Disorder 
Reprinted from: Children 2014, 1(3), 261-279 
http://www.mdpi.com/2227-9067/1/3/261 ............................................................................ 17 
 
Joy A. Weydert 
Vitamin D in Children’s Health 
Reprinted from: Children 2014, 1(2), 208-226 
http://www.mdpi.com/2227-9067/1/2/208 ............................................................................ 36 
 
Anna Esparham, Randall G. Evans, Leigh E. Wagner and Jeanne A. Drisko 
Pediatric Integrative Medicine Approaches to Attention Deficit Hyperactivity Disorder 
(ADHD) 
Reprinted from: Children 2014, 1(2), 186-207 
http://www.mdpi.com/2227-9067/1/2/186 ............................................................................ 56 
 
Sanghamitra M. Misra 
Integrative Therapies and Pediatric Inflammatory Bowel Disease: The Current Evidence 
Reprinted from: Children 2014, 1(2), 149-165 
http://www.mdpi.com/2227-9067/1/2/149 ............................................................................ 80 
 
 



IV 
 

Brenda Golianu, Ann Ming Yeh and Meredith Brooks 
Acupuncture for Pediatric Pain 
Reprinted from: Children 2014, 1(2), 134-148 
http://www.mdpi.com/2227-9067/1/2/134 ............................................................................ 98 
 
Ann Ming Yeh and Brenda Golianu 
Integrative Treatment of Reflux and Functional Dyspepsia in Children 
Reprinted from: Children 2014, 1(2), 119-133 
http://www.mdpi.com/2227-9067/1/2/119 .......................................................................... 113 
 
Daniel P. Kohen and Pamela Kaiser 
Clinical Hypnosis with Children and Adolescents— 
What? Why? How?: Origins, Applications, and Efficacy 
Reprinted from: Children 2014, 1(2), 74-98 
http://www.mdpi.com/2227-9067/1/2/74 ............................................................................ 128 
 
Hilary McClafferty, Sally Dodds, Audrey J. Brooks, Michelle G. Brenner, 
Melanie L. Brown, Paige Frazer, John D. Mark, Joy A. Weydert,  
Graciela M. G. Wilcox, Patricia Lebensohn and Victoria Maizes 
Pediatric Integrative Medicine in Residency (PIMR): Description of a New Online Education-
al Curriculum 
Reprinted from: Children 2015, 2(1), 98-107 
http://www.mdpi.com/2227-9067/2/1/98 ............................................................................ 154 
 

 
 
 
 
 
 
 

 



V 
 

About the Editor 
 

 

Hilary McClafferty, MD, FAAP is Director of the Pediatric 
Integrative Medicine in Residency program, and Interim Director 
of the Fellowship at the Arizona Center for Integrative Medicine, 
University of Arizona, Tucson. She received her medical degree 
from the University of Michigan, Ann Arbor, Michigan, and 
completed pediatric residency training at Northwestern Children’s 
Memorial Hospital in Chicago, Illinois, and at the University of 
Arizona in Tucson, Arizona. She is fellowship trained in pediatric 
emergency medicine through The Children’s Hospital, Denver, 
Colorado, certified in clinical hypnosis, and trained in medical 
acupuncture through the University of California, Los Angeles/ 
Helm’s Medical Institute. She is founder of the Center for Women 

and Children's Integrative Medicine, a private consult practice in Chapel Hill, North Carolina. 
Dr. McClafferty Chairs the Executive Committee of the American Academy of Pediatrics 
Section on Integrative Medicine and the Special Interest Group for Physician Health and 
Wellness for the American Academy of Pediatrics. She led development of the first Clinical 
Report on Physician Health and Wellness for the Academy in 2014.  Special interests include 
pediatric integrative medicine, mind-body medicine, interprofessional models in integrative 
healthcare, and physician health and wellness. She writes and speaks nationally on integrative 
medicine topics.  

 

 

 
 

  



VI 
 

List of Contributors 
 

Michelle G. Brenner: Eastern Virginia Medical School, Children's Hospital of the King's 
Daughters, Norfolk, VA 23507, USA 
Audrey J. Brooks: Arizona Center for Integrative Medicine, University of Arizona College 
of Medicine, Tucson, AZ 85724, USA 
Meredith Brooks: Department of Anesthesiology and Pain Medicine,  
Pediatric Anesthesiology, Stanford University, 300 Pasteur Dr. Stanford, CA 94304, USA 
Melanie L. Brown: Department of Pediatrics, University of Chicago Comer Children's 
Hospital, Chicago, IL 60637, USA 
Sally Dodds: Psychiatry and Medicine, University of Arizona College of Medicine, Tucson, 
AZ 85724, USA 
Jeanne A. Drisko: Program in Integrative Medicine, University of Kansas Medical Center, 
Kansas City, KS, 66160, USA 
Anna Esparham: Program in Integrative Medicine, University of Kansas Medical Center, 
Kansas City, KS, 66160, USA 
Randall G. Evans: Program in Integrative Medicine, University of Kansas Medical Center, 
Kansas City, KS, 66160, USA 
Hillary A. Franke: Department of Pediatrics, Section of Pediatric Critical Care,  
University of Arizona , Tucson, AZ 85716, USA 
Paige Frazer: Community Faculty, Eastern Virginia Medical School, Children's Hospital of 
the King's Daughters, Norfolk, VA 23507, USA 
Brenda Golianu: Department of Anesthesiology and Pain Medicine,  
Pediatric Anesthesiology, Stanford University, 300 Pasteur Dr. Stanford, CA 94304, USA 
Pamela Kaiser: National Pediatric Hypnosis Training Institute (NPHTI), Private Practice, 
1220 University Drive, Suite #104, Menlo Park, CA 94025, USA 
Daniel P. Kohen: National Pediatric Hypnosis Training Institute (NPHTI), Developmental-
Behavioral Pediatrics, Partners-in-Healing of Minneapolis, 10505 Wayzata Boulevard, Suite 
#200, Minnetonka, MN 55305, USA 
Patricia Lebensohn: Arizona Center for Integrative Medicine, University of Arizona College 
of Medicine, Tucson, AZ 85724, USA 
Victoria Maizes: Arizona Center for Integrative Medicine, University of Arizona College of 
Medicine, Tucson, AZ 85724, USA 
John D. Mark: Pediatric Pulmonary Medicine, Lucile Packard Children's Hospital, Stanford 
University School of Medicine, Palo Alto, CA 94305, USA 
Hilary McClafferty: Arizona Center for Integrative Medicine, University of Arizona College 
of Medicine, Tucson, AZ 85724, USA 
Sanghamitra M. Misra: Academic General Pediatrics, Baylor College of Medicine,  
6701 Fannin Street CCC 1540, Houston, TX 77030, USA 



VII 
 

Ujjwal Ramtekkar: Mercy Children's Hospital, 621 S. New Ballas Road, Suite 693A,  
Saint Louis, MO 63141, USA 
Amelia Villagomez: University of Arizona, 2800 E. Ajo Way Suite 300, Tucson,  
AZ 85713, USA 
Leigh E. Wagner: Program in Integrative Medicine, University of Kansas Medical Center, 
Kansas City, KS, 66160, USA 
Joy A. Weydert: Department of Pediatrics, University of Kansas Medical Center,  
3901 Rainbow Blvd., MS 4004 Kansas City, KS 66160, USA 
Graciela M. G. Wilcox: Department of Pediatrics, University of Arizona, Tucson, AZ 85724, 
USA 
Ann Ming Yeh: Pediatric Gastroenterology, Stanford University, 750 Welch Road,  
Suite 116, Palo Alto CA 94304, USA 
 



 1 
 

 

Integrative Pediatrics: Looking Forward 

Hilary McClafferty 

Abstract: Increase in the prevalence of disease and illness has dramatically altered the landscape of 
pediatrics. As a result, there is a demand for pediatricians with new skills and a sharper focus on 
preventative health. Patient demand and shifting pediatric illness patterns have accelerated research 
in the field of pediatric integrative medicine. This emerging field can be defined as healing-oriented 
medicine that considers the whole child, including all elements of lifestyle and family health. It is 
informed by evidence and carefully weighs all appropriate treatment options. This Special Issue of 
Children, containing a collection of articles written by expert clinicians, represents an important 
educational contribution to the field. The goal of the edition is to raise awareness about integrative 
topics with robust supporting evidence, and to identify areas where more research is needed. 

Reprinted from Children. Cite as: McClafferty, H. Integrative Pediatrics: Looking Forward. Children 
2015, 2, 63-65. 

Increase in the prevalence of diseases such as attention deficit disorder, obesity, diabetes, 
metabolic syndrome, autism, cancer, chronic pain, mental illness, asthma, and other inflammatory 
mediated illnesses has dramatically altered the landscape of pediatrics, impacting progressively 
younger age groups [1]. Subsequently, today’s children face serious health challenges, creating a 
demand for pediatricians with new skills and a sharper focus on preventive health. Limited treatment 
options, a desire to protect their child’s health, and a perceived lack of support from conventional 
clinicians have caused many parents to turn to complementary medicine. Widely published statistics 
indicate that an estimated 12% of children use complementary therapies, with prevalence increasing 
to 50% in children living with chronic illness. Use often occurs without disclosure to the clinician 
for fear of negative repercussions [2]. Patient demand and shifting pediatric illness patterns have 
accelerated research in the field of pediatric integrative medicine. This emerging field can be defined 
as healing oriented medicine that considers the whole child, including all elements of lifestyle and 
family health. It is informed by evidence and carefully weighs all appropriate treatment options. 

Interest in integrative pediatrics has grown relatively quickly, in step with recommendations from 
the Institute of Medicine for increased education and training in the field to meet consumer demands 
for information on evidence-based complementary medicine [3]. The American Academy of 
Pediatrics (AAP) was an early supporter of the field, endorsing a Provisional Section on 
Complementary and Integrative Medicine in 2005. Full AAP Section status was earned in 2009 [4]. 
The name was simplified to the Section on Integrative Medicine (SOIM) in 2011, mirroring national 
streamlining of nomenclature in the field. Surveys of AAP members have indicated high interest in 
integrative pediatrics [5], yet, to date, relatively few educational opportunities exist. For example, a 
national survey of academic pediatric institutions in 2012 by Vohra, et al. [6] identified integrative 
pediatric programs at only 16 of 143 academic pediatric programs in 2012. 

This special edition of Children, containing a collection of articles written by expert clinicians, 
represents an important educational contribution to the field. The goal of the edition is to raise 
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awareness about integrative topics with robust supporting evidence, and to identify areas where more 
research is needed. Toxic stress, attention deficit disorder, vitamin D in children’s health, clinical 
hypnosis in children and adolescents, acupuncture for pediatric pain, integrative approaches to reflux, 
functional dyspepsia, and inflammatory bowel disease are some of the topics represented. Multiple 
case studies are included to demonstrate clinical application of integrative treatments. 

Another development in the educational arena is the Pediatric Integrative Medicine in Residency 
(PIMR) program, a 100-hour online curriculum developed at the University of Arizona Center for 
Integrative Medicine. Designed to be embedded into conventional residency training, the program is 
halfway through a three-year national pilot phase at five US pediatric residencies: University of 
Arizona Department of Pediatrics, Stanford Children’s Health, University of Chicago Comer 
Children’s Hospital, Eastern Virginia Medical School/Children’s Hospital of the King’s Daughters, 
and the University of Kansas Department of Pediatrics, involving more than 300 pediatric residents 
and a dozen faculty. Early adopters of the program include Vanderbilt University School of Medicine 
Department of Pediatrics, Cardinal Glennon Children’s Medical Center, and the University of New 
Mexico Department of Pediatrics. The PIMR educational curriculum covers foundations of 
integrative medicine, including nutrition, mind-body medicine, physical activity, sleep, environment 
and health, and an introduction to whole medical systems. It also uses case-based teaching to 
introduce integrative approaches to common clinical conditions. 

Although progress in the field of integrative pediatrics is evident, real obstacles exist, among them 
being unequal insurance reimbursement for children’s health issues [7,8], lack of research funding, 
skepticism from colleagues and administrators, compressed time during office visits, and competition 
from pharmaceutical companies. Recognition of these obstacles is important, yet so is 
acknowledgment of the relative lack of progress in prevention and treatment of complex pediatric 
conditions, such as obesity and autism, highlighting a call for new approaches. In reality, given the 
prevalence of integrative medicine use in children, even skeptics will require understanding of the 
potential risks and benefits of integrative treatments, in order to be prepared to direct patients and 
their families toward reliable resources. 

It is possible that the most important benefit of integrative pediatrics is its potential for reduction 
in health care costs. Imagine the financial implications of a generation of children where the norm is 
healthy weight, mastery of self-regulation skills, avoidance of harmful environmental toxins, and the 
ability to apply evidence-based approaches to combat preventable chronic illness. Integrative 
pediatrics embraces each of these areas as fundamental to good health. In the search for models  
of medical care tailored to the children of today, I believe integrative medicine holds  
significant promise. 

Hilary McClafferty, MD, FAAP 
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Toxic Stress: Effects, Prevention and Treatment 

Hillary A. Franke 

Abstract: Children who experience early life toxic stress are at risk of long-term adverse health 
effects that may not manifest until adulthood. This article briefly summarizes the findings in recent 
studies on toxic stress and childhood adversity following the publication of the American Academy 
of Pediatrics (AAP) Policy Report on the effects of toxic stress. A review of toxic stress and its 
effects is described, including factors of vulnerability, resilience, and the relaxation response. An 
integrative approach to the prevention and treatment of toxic stress necessitates individual, 
community and national focus. 

Reprinted from Children. Cite as: Franke, H.A. Toxic Stress: Effects, Prevention and Treatment. 
Children 2014, 1, 390-402. 

1. Introduction 

Stress is a term commonly used to describe the response to the demands encountered on a daily 
basis throughout one’s lifetime, and it is related to both positive experiences and negative experiences. 
Stressors are agents that produce stress. Stressors may be physical, emotional, environmental or 
theoretical, and all may equally affect the body’s stress response. The stress response, also known 
as the “fight or flight” response or general adaptation syndrome, comprises the physiologic changes 
that occur with any encounter of stress or perceived stress to the individual [1,2]. This stress 
response is a result of stimulation of the sympathetic nervous system resulting in a cascade of  
neuro-endocrine-immune responses, with reproducible physiologic effects that include an increase 
in respirations, heart rate, blood pressure, and overall oxygen consumption [3,4]. In most situations, 
the physiologic changes associated with the stress response are transient, with the body returning to 
its baseline state when the stressor is removed. Toxic stress responses include a prolonged or 
permanent abnormal physiologic response to a stressor with risk of end organ dysfunction [5,6]. 
Toxic stress can affect anyone, and children are no exception. 

Childhood toxic stress is severe, prolonged, or repetitive adversity with a lack of the necessary 
nurturance or support of a caregiver to prevent an abnormal stress response [5]. This abnormal 
stress response consists of a derangement of the neuro-endocrine-immune response resulting in 
prolonged cortisol activation and a persistent inflammatory state, with failure of the body to 
normalize these changes after the stressor is removed [6,7]. Children who experience early life 
toxic stress are at risk of long-term adverse health effects that may not manifest until adulthood. 
These adverse health effects include maladaptive coping skills, poor stress management, unhealthy 
lifestyles, mental illness and physical disease [5,6,8–13]. 

In January 2012, the AAP published a policy statement on the effects of toxic stress and 
childhood adversity using an ecobiodevelopmental framework to approach this important public 
health concern [8]. This framework acknowledges the interactions of personal experiences, 
environmental influences, and genetic predispositions that shape the learning and behavior of an 



5 
 

 

individual across his or her lifespan. The AAP put out a call to action, including the following 
recommendations: a need for understanding that lifelong disparities are determined by social, 
behavioral and economic determinants; proper training of all healthcare providers in the effects of 
toxic stress; and ongoing advocacy by pediatric providers. The medical home becomes an 
important venue for thorough anticipatory guidance, active screening for at-risk children, 
knowledge of local resources, identification and implementation of interventions to decrease 
sources of toxic stress, and development of comprehensive treatment plans for mitigation of toxic 
stress effects [8,9]. 

2. Stress—Positive, Tolerable, Toxic 

Early childhood experiences play a large role in how the brain develops and functions. 
Interactions with the child and his or her environment affect long-term learning, behavior, and 
health. Healthy brain architecture relies on responsive caregivers and positive relationships that 
help children learn to handle stressful experiences. In general, the stress response is a physiologic 
response to an adverse event or demanding circumstance and includes biochemical changes to the 
neurologic, endocrine, and immune systems. 

2.1. Positive Stress 

A positive stress response is a normal stress response and is essential for the growth and 
development of a child. Positive stress responses are infrequent, short-lived, and mild. The child is 
supported through this stressful event with strong social and emotional buffers such as reassurance 
and parental protection. The child gains motivation and resilience from every positive stress 
response, and the biochemical reactions that occur with such a stressful event return to baseline [5]. 
Examples include meeting new people or learning a new task. 

2.2. Tolerable Stress 

Tolerable stress responses are more severe, frequent or sustained. The body responds to a greater 
degree, and these biochemical responses have the potential to negatively affect brain architecture. 
Examples include divorce or the death of a loved one. In tolerable stress responses, once the 
adversity is removed, the brain and organs recover fully given the condition that the child is 
protected with responsive relationships and strong social and emotional support. 

2.3. Toxic Stress 

Toxic stress results in prolonged activation of the stress response, with a failure of the body to 
recover fully. It differs from a normal stress response in that there is a lack of caregiver support, 
reassurance, or emotional attachments. The insufficient caretaker support prevents the buffering of 
the stress response or the return of the body to baseline function. Examples of toxic stress include 
abuse, neglect, extreme poverty, violence, household dysfunction, and food scarcity. Caretakers 
with substance abuse or mental health conditions also predispose a child to a toxic stress response. 
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Exposure to less severe yet chronic, ongoing daily stressors can also be toxic to children [14]. Early 
life toxic stressors increase one’s vulnerability to maladaptive health outcomes such as an 
unhealthy lifestyle, socioeconomic inequity, and poor health; however, these stressors do not solely 
predict or determine an adult’s behavior or health [10,14]. 

3. Toxic Stress Effects 

A child experiencing adversity is at risk of permanent changes to brain architecture, epigenetic 
alteration, and modified gene function. Implications for long-term health and developmental effects 
are critical, including increased risk for stress-related diseases [5,15]. The toxic stress response 
affects the neuroendocrine-immune network, and the response leads to a prolonged and abnormal 
cortisol response [6,7]. The resultant immune dysregulation, including a persistent inflammatory 
state, increases the risk and frequency of infections in children [16–18]. The toxic stress response is 
believed to play a role in the pathophysiology of depressive disorders, behavioral dysregulation, 
PTSD, and psychosis [13,19–25]. Adults who endured early childhood adversity also experience 
more physical illness and poor health outcomes [11,16–18,26,27]. These poor health outcomes are 
varied and include alcoholism, chronic obstructive pulmonary disease, depression, cancer, obesity, 
increase in suicide attempts, ischemic heart disease and myriad other disease processes [11,28,29]. 
A proposed model relating the effects of toxic stress to a potential increased risk of cancer suggest 
both a direct effect of stress on biological systems and an indirect effect of poor health behaviors as 
responses to stress [30]. 

Large longitudinal studies like the Adverse Childhood Experiences (ACE) study and the 
Coronary Artery Risk Development in Young Adults study show correlation with the number of 
ACE and the increased risk of multisystem health problems in a graded fashion [11,31]. Notably, 
low levels of parental warmth and affection with high levels of abuse had the highest multisystem 
health risk as adults. Inversely, strong parental warmth and affection during childhood was 
associated with less health risk in adulthood [31]. Maternal warmth appears to buffer toxic 
stressors, such as growing up in extreme poverty [31,32]. Maternal support may have a protective 
effect on childhood abuse, and it also appears to be a variable determining a positive response to 
therapies [33,34]. Ongoing familial support including maternal care and paternal protection have 
been shown to affect treatment response in situations of abuse and are more predictive of success 
than the type of the abuse experienced [33]. 

4. Resilience and Vulnerability 

Resilience is the ability to properly adapt to adversity despite the conditions. It is dynamic and 
plays a large role in a toxic stress response. Not all individuals who experience repeated childhood 
adversity experience poor health, and resilience may provide a buffer. Resilience factors are 
numerous and change over time in an individual. Children with resilience have been identified as 
having the following characteristics: higher IQ, easy temperament, a perception of competence, a 
positive self concept, a realistic sense of control of the situation, empathy, and social problem solving 
skills [34–37]. Factors that predict resilience in children experiencing adversity include a solid 
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relationship between the child and parent as well as a high quality relationship between the child 
and teacher [37]. Additional resilience factors identified include adequate social support, marriage 
quality, the physical and mental health of the parent, and the parent’s sense of efficacy [33,34,37–39]. 
Prior adaptive behaviors that result in overcoming adversity strengthen resilience. Focus on early 
interventions to strengthen resilience factors may help to minimize a toxic stress response [28]. 

Factors believed to increase vulnerability to early toxic stress include an individual’s increased 
sensitivity to both psychological and physiologic stress with a decreased resources for social and 
psychological support to help with stress coping skills [18]. Other sources of vulnerability may 
include poor social support, developmental delays, abusive parenting, and maladaptive behaviors in 
response to adversity [36]. 

5. Relaxation Response 

Documented in the 1970s by Herbert Benson, the relaxation response is a state of decreased 
sympathetic nervous system activity that opposes the stress response [4,40]. Physiologic effects of  
the relaxation response include a reduction in respirations, heart rate, blood pressure, and oxygen 
consumption, with an increase in heart rate variability; these effects have been elicited regularly 
and repetitively with techniques including transcendental meditation, autogenic hypnosis, Zen and 
yoga, contention, sentic cycles, and progressive muscle relaxation [40]. Conscious effort and 
practice are indicated for achieving ongoing effects of the relaxation response, however many 
techniques require minimal instruction or practice to immediately produce the calming effects. 

Techniques may be as simple and informal as repeating a word or phrase while sitting 
comfortably in a quiet area or taking several deep breaths [40,41]. Formal programs such as The 
Relaxation Response Resiliency Program (3RP) use adaptive coping mechanisms for chronic  
stress [42]. The 3RP uses components of a relaxation response strategy, stress coping, growth 
enhancement and inter-connectedness to address and promote resiliency, and this regimented 
approach may demonstrate benefit for individuals in communities with chronic stress [42]. Other 
techniques, such as biofeedback, guided imagery, and mindful awareness may take time to 
establish into routine. While techniques vary, there are four basic components that, when 
combined, produce the relaxation response; these include a repetitive sound or phrase, a passive 
attitude of disregard to distraction, relaxed positioning, and a quiet environment [40]. There are 
many ways to reach a state of relaxation response, and for best achievability and sustainability, the 
individual’s preference to technique and resources such as time and financial investment for the 
technique must be taken into account. 

The relaxation response has been effective as a tool for situations in which excessive 
sympathetic activity prevails, such as would be considered in exposures to toxic stress [40]. 
Children, their parents, family members and community members may benefit from awareness of 
the relaxation response, and these skills may help build resiliency for future stressors. 
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6. Unique Role of the Pediatrician to Address Toxic Stress 

A pediatrician-led medical home has been identified by the AAP as an important venue to best 
identify risk factors, to prevent and reduce toxic stress, as well as to build resiliency in individuals 
and families [8]. Ideally, the pediatrician’s perspective of childhood health that places focus on 
prevention, use of developmental milestones, and advocacy for a safe childhood experience makes 
for a broad base upon which to address toxic stress. Realistically, pediatricians have ever-increasing 
demands with decreasing time and resources, making this additional screening and treatment 
difficult, if not an impossible challenge. How does a pediatrician address these important needs for 
their patients and families? The pediatrician-led medical home requires resources in order to 
adequately provide standard of care and to also be able to meet the needs of individuals, family, 
and community with regards to toxic stress. This challenge to provide the care required for our 
nation, communities, and individuals does not have a simple answer. Programs in place that are 
successful will build awareness of need for programs throughout the country. 

Some useful interventions as well as hardwired processes in the pediatrician’s office may 
address toxic stress while not causing an enormous strain on already limited resources. For example, 
prioritizing the hardwiring of a toxic stress screening process upon entry of a patient to the exam 
room may be helpful. Posting handouts on instructions for breathing techniques, a list of free smart 
phone applications on biofeedback, or websites for stress reduction may give patients and families 
an awareness of relaxation. Some topics may be discussed during certain well child visits if time 
permits. A monitor in the waiting area with topics of childhood health may include toxic stress as a 
topic. Pediatricians may start with simple steps and as each technique is hardwired one may 
consider tackling another. 

7. Screening for Toxic Stress 

A child risks maladaptive stress responses when exposed to childhood adversity and toxic stress. 
The first several years of life are sensitive periods of time for increased neuroplasticity, after which 
it begins to wane [43,44]. If primary preventive measures are implemented during the early, 
sensitive windows of development, appropriate stress responses to adversity may result. Screening 
is a means to identify those children who would benefit from both preventive measures and, if need 
be, therapeutic interventions. 

Factors that place a child at risk of maltreatment overlap those with risk of toxic stress, and the 
AAP recommends screening for factors such as social isolation, poverty, unemployment, low 
educational achievement, single-parent home, non-biologically related male living in the home, and 
family or intimate partner violence, young parental age, and parent factors such as low self-esteem, 
substance abuse, and depression [45]. Protective factors for child maltreatment may also be useful 
to attenuate a toxic stress risk, and some of these factors include presence of a caring and 
supportive adult, positive family changes, structured school environment, access to healthcare and 
social services, involvement with religious community or extracurricular organized activity [45]. 
The AAP has not as of yet identified a specific screening tool to be used for toxic stress or  
one to be incorporated within usual screening protocols such as the developmental milestones. 
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Social-emotional screening has been shown to predict behavioral problems and would fit with the 
need to identify children at risk of toxic stress [46]. Promise has been seen with use of the Ages and 
Stages Questionnaires: Social-Emotional screening tool, however broad use within multiple 
pediatric settings is necessary [47]. 

8. Prevention of Toxic Stress 

Toxic stress is a function of the absence of buffers to return the stress response to baseline, and  
it is important to consider preventive measures that promote positive environmental influences and 
interactions with supportive caretakers. Routine anticipatory guidance, which encourages positive 
parenting, strengthens support for families, and builds resilience, helps develop the buffers required 
to handle stress and avoid toxic stress. AAP resources such as Bright Futures, Connected Kids, 
Medical Home and “The Pediatrician’s Role in Child Maltreatment Prevention” offer 
recommendations [45,48]. Preventive interventions should be focused on only those children at risk 
of adverse childhood events. Children screened and found to have no risk of toxic stress may 
actually experience a detrimental stress response to an intervention [37]. Preventive measures to 
improve resilience in the child are notable, as is focus on aiding assisting the caretaker. Targeting 
the caretaker’s stressors and improving the caretaker’s capacity to provide safe, stable and 
nurturing relationships may mitigate any toxic stress response in children [31,32]. 

9. Treatment of Toxic Stress 

An integrative approach to manage and prevent stress in general may play a vital role in 
preventing and treating childhood toxic stress. Treatment of toxic stress requires timely 
intervention, and goals are to decrease stressors and the individual’s response to stressors, to 
minimize vulnerability, and to strengthen resiliency. Treatment should be aimed at the needs of 
each individual. Toxic stress effects are widespread and involve community and implicate 
healthcare on a national level. Approach to the individual, the caretakers and immediate family, the 
community, and awareness at the national level are indicated. 

9.1. Individual and Family 

Helping children learn to shut off their stress response in a healthy manner is important, and 
multiple approaches can be used for this goal. Conventional approaches such as referral to social 
work, psychology, or psychiatry may be beneficial, however these interventions can be costly. If 
therapy is indicated, the type of therapy depends on the adversity experienced. Evidence supports 
the use of parent-child interaction therapy, child-parent psychotherapy, cognitive behavioral 
therapy, and trauma-focused psychotherapy for children showing signs of toxic stress [33,35]. 

Integrative approaches to the child include attenuating the stress response and building 
resiliency. Tapping into the relaxation response with breathing techniques, guided imagery, and 
biofeedback may be well received depending on the age of child and if different techniques are 
offered as options. Mindfulness-based stress reduction or mindfulness-based cognitive therapy are 
time-intensive therapies requiring an instructor with years of experience, but if available and feasible, 
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may be beneficial as studies suggest decreased anxiety, improved mood, relief of psychological 
distress and strengthened wellbeing [49]. Biofeedback is an effective tool to decrease heart rate and 
respiratory rate, increase heart rate variability and improve pulmonary peak flows [50,51]. Patients 
are able to measure changes objectively, which may benefit those with a suspicion for integrative 
approaches. Patients with comorbidities such as asthma may profit from this relaxation modality by 
learning about their body’s response to different input while also gaining the control to potentially 
halt exacerbations of illness. Other mind-body interventions shown to decrease stress include 
hypnosis, guided imagery, music therapy, and progressive muscle relaxation [52–58]. 

A systematic review of cortisol regulation in children demonstrated numerous interventions to 
decrease stress response. Interventions centered on the child or adolescent showing benefit 
included guided imagery, social and educational enrichment, and in-home sessions to develop 
language skills [59]. Interestingly, improved cortisol response was also seen in children when 
interventions focused solely on the child’s caretaker [59]. Parenting classes, home visits to improve 
parenting practice, telephone support, family-based programs, access to social resources for 
parents, problem solving and information seeking skills, and peer support were beneficial [59]. A 
focus on the caretaker may be one part of the approach to reduce toxic stress risk. Having stable 
relationships so a child senses a safe environment is important to avoid toxic stress effects [60]. 

Teaching families these techniques for relaxation takes time and in a busy practice it may be 
difficult to accomplish. Using handouts and giving parents online resources may help spread 
information about the importance of stress reduction and give step-by-step instructions. Judicious 
use of the internet may supplement the pediatrician’s current resources with further information 
including techniques to help build resiliency, to teach parents to establish healthy connections, and 
to identify tools to cope with chronic stressors. For example, helpguide.org addresses many topics 
including stress reduction, parenting and attachment, relationships, and child issues [61]. The 
American Institute of Stress has information and techniques for dealing with stressors in daily life, 
the workplace, and in certain family situations such as those in the military [62]. Biofeedback 
products are available online, with information for research studies available as well [63,64].  
Mind-body topics are also available on medical websites and websites of integrative medicine 
organizations. Relaxation response techniques are being studied in the virtual environment, and 
individuals report that having an ability to personalize the virtual online environment as well as 
participate anonymously without judgment has been well received, and it is anticipated that future 
online experiences with mind-body medicine education will expand [65]. Numerous stress 
reduction applications for smart phones have been developed and many are free for download. 
Internet accessibility may not be available for all families in a pediatric practice, however summary 
handouts or referral to a public library may be feasible. 

9.2. Community 

Community-based interventions that strengthen neighborhood-level resources may be most 
effective in buffering the toxic stress response in children [60]. It is important to know what 
community resources, outreach programs, and active volunteer groups are in the area for your 
patients in which to become involved or if they could benefit from additional services. Groups may 
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be willing to volunteer time and resources to use to improve the lives of children, only they may 
not be aware of this important issue. Looking to these groups and initiating contact about important 
pediatric topics may lead to change, and at the least will increase community awareness of  
toxic stress. 

Positive environmental changes can improve childhood outcomes, even in extreme cases of 
adversity. Community based interventions have been shown to be effective and long-term follow 
up of children involved in interventional programs exhibit enduring behavior and health  
effects [28,66,67]. Early-intervention programs such as Head Start may affect a child’s development 
and exposure to positive experiences while decreasing the adversity of hunger that many children 
would otherwise experience [6,44]. 

Community organized home visits may be a mechanism to lend support to caretakers in the 
natural home environment [28]. Caretaker skill building, including improving the caretaker’s 
employability and resultant economic stability, is imperative for protecting children from toxic 
stress [60]. 

9.3. National 

Early toxic stress affects our entire nation. The effects of early toxic stress are realized through 
adulthood, with large costs to the individual as well as to society. The potential exists to prevent  
adult-onset diseases by targeting and promoting healthy stress responses in childhood. National 
awareness of the effects of adverse childhood events allows further opportunity for interventions. 
Pediatricians are asked to involve schools, community, and government to help aid with toxic stress 
interventions [28]. Advocacy on a national level is imperative to lobby for funding of meaningful 
programs and to gain support, financially and otherwise for pediatric healthcare workers to 
appropriately and adequately screen for toxic stress in the office setting. The AAP is present at the 
national level and will continue to advocate for the better care of children, including awareness, 
prevention, and early treatment of toxic stress. 

10. Conclusions 

Toxic stress burdens society, and everyone is susceptible to its effects. Awareness of early 
childhood adversity risk and resultant downstream effects of toxic stress is key. Prevention must  
begin early with the targeting of at-risk populations. Protection of children from toxic stress 
requires a multi-faceted approach, including interventions that will target the child, the caretaker, 
and the environment. Strengthening the stability of the family as well as the community affords 
environmental protection against childhood effects of toxic stress. Use of proven stress reduction 
strategies is important, and many mind-body approaches are effective in eliciting the relaxation 
response. Appropriate management of the adolescent or adult patient with resultant health effects 
from toxic stress necessitates full knowledge of the long-term effects of the toxic stress response, 
including the need for stress reduction, coping techniques, and use of an integrative approach  
to therapy. 
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Iron, Magnesium, Vitamin D, and Zinc Deficiencies  
in Children Presenting with Symptoms of  
Attention-Deficit/Hyperactivity Disorder 

Amelia Villagomez and Ujjwal Ramtekkar 

Abstract: Attention-Deficit/Hyperactivity Disorder (ADHD) is a neurodevelopmental disorder 
increasing in prevalence. Although there is limited evidence to support treating ADHD with 
mineral/vitamin supplements, research does exist showing that patients with ADHD may have 
reduced levels of vitamin D, zinc, ferritin, and magnesium. These nutrients have important roles in 
neurologic function, including involvement in neurotransmitter synthesis. The aim of this paper is 
to discuss the role of each of these nutrients in the brain, the possible altered levels of these 
nutrients in patients with ADHD, possible reasons for a differential level in children with ADHD, 
and safety and effect of supplementation. With this knowledge, clinicians may choose in certain 
patients at high risk of deficiency, to screen for possible deficiencies of magnesium, vitamin D, 
zinc, and iron by checking RBC-magnesium, 25-OH vitamin D, serum/plasma zinc, and ferritin. 
Although children with ADHD may be more likely to have lower levels of vitamin D, zinc, 
magnesium, and iron, it cannot be stated that these lower levels caused ADHD. However, 
supplementing areas of deficiency may be a safe and justified intervention.  

Reprinted from Children. Cite as: Villagomez, A.; Ramtekkar, U. Iron, Magnesium, Vitamin D, and 
Zinc Deficiencies in Children Presenting with Symptoms of Attention-Deficit/Hyperactivity 
Disorder. Children 2014, 1, 261-279. 

1. Introduction 

Attention-deficit/hyperactivity disorder (ADHD) is a neurodevelopmental disorder characterized 
by impaired levels of inattention and hyperactivity in more than one setting. The rates of ADHD 
have risen over the past few decades and continue to rise. According to recent data from the 
National Survey of Children’s Health, 11% of US children ages 4–17 had been diagnosed at some 
point in their lives with ADHD; this is a 42% increase from the 7.8% of children in 2003. By 
parent-report, the percentage of children aged 4–17 taking medication for ADHD was 4.8% in 2007 
and 6.1% in 2011 [1]. 

There is no single cause of ADHD, and much research has focused on both environmental and 
genetic risk factors independently. Recent studies also demonstrate the complex interplay of 
genetic and environmental factors. For example, a genetically endowed variability of dopaminergic 
genotypes to specific environmental risk factors, such as prenatal smoking, can result in a specific 
subtype of ADHD [2]. ADHD has been associated with maternal smoking, alcohol and substance 
misuse, maternal stress, low birth weight and prematurity, organophosphates, polychlorinated 
biphenyls, lead, artificial food colorings, severe early deprivation, and family adversity. Although 
these factors have been correlated with ADHD and some are risk factors, none of them have been 
shown to definitively cause ADHD [3]. Although medications for ADHD have a large effect size 
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and psychosocial interventions can augment treatment success, more than 30% of children are still 
symptomatic despite combined treatment [4]. 

Many parents choose not to start medication for fear of side effects and may seek “alternative” 
or “natural” treatments. Data from the National Health Interview Study demonstrated that for 
children ages 7 to 17, by parent-report, 8.9% of children had been diagnosed with ADHD, and of 
those, 24.7% used at least one type of complementary and alternative medical (CAM) therapy [5]. 
There is no conclusive data to support nutrient deficiencies as a cause of ADHD. However, 
research does exist demonstrating that patients with ADHD have reduced levels of vitamin D, zinc, 
ferritin, and magnesium. We will review the existing literature on zinc, ferritin, magnesium, and 
vitamin D and their association with ADHD to guide clinicians on possible appropriate laboratory 
screening measures for children presenting with symptoms consistent with ADHD. 

2. Zinc  

2.1. Role of Zinc 

Zinc plays an important role for protein and DNA synthesis, in wound healing, for bone 
structure, and on the immune system. Deficiency of zinc can result in poor growth and retarded 
development, hair loss, diarrhea, suppression of aspects of cell-mediated immunity, and dermatitis. 
There is no pathognomonic sign for zinc deficiency and severe zinc deficiency is uncommon in the 
United States [6,7].  

Zinc is considered a trace element because plasma concentration is only 12–16 M; the body 
contains approximately 2–4 grams of zinc, the majority of which is in the bone and skeletal muscle. 
Only 0.1% of the total amount of zinc in the body is in the plasma [8]. The body does not store 
zinc, so supply must be repleted by dietary intake [9].  

The Dietary Reference Intake (DRI) is the general term for a set of reference values used to plan 
and assess nutrient intakes of healthy individuals. The current DRI is based on the previous 
Recommended Daily Allowance (RDA) and is 5 mg for females and males 4–8 years old, 8 mg for 
females and males 9–13 years old, 9 mg for females 14–18 years old, and 11 mg for males  
14–18 years old. The RDA is the amount of intake adequate for 97%–98% of the population; 
therefore, for 2%–3% of the population, this intake may not be sufficient [10]. In the US, meat 
accounts for 50% of dietary zinc intake, legumes and cereals account for 30%, and dairy products 
about 20% [11]. 

Although plant sources contain zinc, they are also high in phytic acid, which binds to zinc, 
forms an insoluble compound and decreases its bioavailability. According to the Institute of 
Medicine’s report, vegetarians may require as much as a 50% greater intake of zinc given that the 
major source in the diet is grains and legumes which contain a high amount of phytic acid [8]. 
Inorganic iron and calcium supplements may decrease zinc absorption as well as alcohol, infection 
and surgery. Animal studies show that excessive dietary intake of calcium decreases zinc 
absorption, however, studies have not been done in humans.  

The Tolerable Upper Intake (UL), the maximum daily intake for the general population that is 
unlikely to cause adverse side effects is: 12 mg for 4–7 years of age, 23 mg for 9–13 years of age, 
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and 34 mg for 14–18 years of age. [8] There is a small window between the DRI and the UL of 
zinc. In adults, acute adverse side effects of excessive zinc may occur at 50–150 mg/day and 
include epigastric pain, nausea, loss of appetite, abdominal cramps, diarrhea and headache [8]. 
Chronic adverse side effects associated with excessive zinc supplementation include immune 
suppression, and decreased HDL cholesterol [8,12,13]. 

In the Health Professionals Follow-Up Study, supplemental zinc intake below 100 mg/day was  
not associated with increased prostate cancer risk, however men taking more than 100 mg/day had  
a 2.29 relative risk of advanced prostate cancer [14]. Zinc and copper compete for absorption; 
therefore there is a concern for copper deficiency during zinc supplementation. However, the 
threshold for this effect is unknown. Maret and colleagues offered the practical suggestion that 
until further research on this topic is done, the ratio of zinc to copper should not exceed 10–12 [7]. 
Sequelae of copper deficiency can include: reduced skin pigmentation, central nervous system 
impairment, osteoporosis, decreased immune function, anemia, and fainting spells [6]. 

2.2. Relevance for ADHD 

Although the exact mechanism of how zinc may contribute to symptoms of ADHD is not 
known, it is a cofactor for more than 300 enzymes and is involved in the pathway for the body’s 
production of prostaglandins and neurotransmitters [9]. Zinc is necessary for B6 to be metabolized 
to its active form, pyridoxal phosphate, which in turn plays a role in conversion of tryptophan to 
serotonin [15]. Zinc assists in both the production and regulation of melatonin; melatonin is an 
important factor in the pathophysiology of ADHD due to its modulation of dopamine [16-18]. Zinc 
also binds to and regulates the dopamine transporter, which is a site of action of psychostimulants used 
to treat ADHD [18]. However, there is no clear evidence that zinc deficiency directly results in 
alteration of the melatonin or dopamine transporter in children with ADHD.  

There is a bidirectional association between zinc and essential fatty acids (EFAs). Zinc serves as 
a coenzyme of delta-6-desaturase, an enzyme crucial for EFA metabolism [19,20]. Prostaglandin 
E2, a product of essential fatty acid metabolism, facilitates the absorption of zinc in the gut [21]. 
Individuals with ADHD have been shown to have altered red blood cell fatty acid profiles, and 
supplementation with EFAs have been shown to have a small but significant effect for the 
treatment of ADHD [22-24]. 

2.3. Reduced Levels in ADHD 

In 1981, Colquhoun and Bunday measured hair samples of 46 hyperactive children and noted 
that 31 had levels below the normal range; they hypothesized that zinc deficiency results in 
decreased levels of essential fatty acids and may contribute to hyperactivity [25]. In a Turkish 
study, there was a statistically lower serum zinc level in the ADHD group compared to healthy 
controls: 60.6 ± 9.9 g/dL vs. 105.8 ± 13.2 g/dL, respectively. Free fatty acid (FFA) levels in the 
ADHD group were one third of those in the control group (ADHD group: 0.176 ± 0.102 mEq/L and in 
control group: 0.562 ± 0.225 mEq/L with p < 0.001). There was a correlation between serum FFA 
and zinc levels. Authors postulated that the FFAs were possibly low secondary to zinc deficiency [26].  
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In a small study of 18 ADHD boys (ages 6–12) entering a double-blind balanced crossover 
comparison between one month of dextro-amphetamine and one month of placebo, there was no 
statistically significant difference between baseline hair zinc in ADHD vs. normal controls. 
However, higher baseline hair zinc levels predicted a greater placebo-controlled amphetamine 
improvement. The authors hypothesized that those with higher zinc levels had a sufficient amount 
of zinc for the stimulants to be effective and were not symptomatic because of zinc deficiency but 
rather from other causes. They further postulated that those with low levels of zinc would require 
zinc supplementation for an optimal stimulant response [27]. 

Researchers in British Columbia measured non-fasting serum zinc levels and evaluated 3-day 
food records on 43 children aged 6–12 with ADHD (18 taking stimulants, 9 atomoxetine, and  
17 drug naïve). In this affluent sample (all but two came from homes with household income 
greater than $60,000), 28% and 61% aged 6–8 and 9–12 respectively did not meet the Estimated 
Average Requirement (EAR) for zinc. EAR is the average daily nutrient intake estimated to meet 
the requirements of half the healthy individuals in a particular age and gender group. The 
prevalence of zinc deficiency in children with ADHD in this study population was 8 times greater 
than the reported prevalence of zinc deficiency for normal populations (3.3% for males and 3% for 
females) [28]. Twenty-six percent of the children aged 6–8 and 20% of the 9–12 year olds had 
serum zinc levels below the 2.5th percentile of the National Health and Nutrition Examination 
Survey (NHANES II) cutoffs for zinc deficiency. NHANES II is a survey research program 
conducted by the National Center of Health Statistics (NCHS) to assess the health and nutritional 
status of adults and children in the United States and also forms the basis for national standards for 
such measurements. 

A research study done in the US showed that in children with ADHD, lower serum zinc levels 
were associated with greater parent and teacher ratings of inattention (r = 0.45). However, this 
same correlation was not present when examining symptoms of hyperactivity/impulsivity of 
ADHD—there was actually a correlation in the positive direction, although insignificant and small 
(r = 0.14; p = 0.35) [29]. 

A Turkish study measured the event-related potentials (ERPs) for 3 groups: those with low  
zinc (N = 13, zinc level < 80 g/dL) and ADHD, those with normal zinc levels (N = 14, zinc  
level  80 g/dL) and ADHD, and age-matched controls without ADHD (N = 24). The plasma zinc 
levels were significantly lower in both ADHD groups as compared to the group without ADHD 
(means were 65.8 g/dL in low zinc group and 89.5 g/dL in zinc non-deficient group vs. control 
mean: 107.8 g/dL). On EEG, compared to the zinc non-deficient ADHD group, the low zinc 
ADHD group had significantly shorter N2 latency in the frontal and parietal regions. Additionally, 
data demonstrated a significant positive correlation between plasma zinc levels of children with 
ADHD and the amplitude and latencies of N2 in the frontal region. In the context that prior  
work has suggested that N2 wave changes may reflect an atypical inhibition process, authors  
suggested that zinc deficiency may have a deleterious effect on inhibitory control in patients with 
ADHD [30,31]. 

Although not all studies have shown lower levels of zinc in children with ADHD, a systemic 
review looking for biomarkers for ADHD concluded that studies have found lower levels of zinc 
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when measured in serum, plasma, urine, and hair [32]. The meta-analysis showed significantly 
lower levels of zinc among patients with ADHD (d = 0.88), however it was limited because of 
significant heterogeneity (p = 0.0002, I2 = 79%) [33].  

2.4. Etiology of Lower Levels of Zinc  

Zinc levels may be lower in patients with ADHD secondary to differences in dietary intake, 
differences in absorption, or other mechanisms [28,34]. Low zinc levels have also been associated 
with depression in adults [1,35]. Raison hypothesized that both Major Depressive Disorder and low 
zinc levels may have a common denominator: inflammation. Perhaps the drop of zinc levels is an 
evolutionarily acquired mechanism the body uses when trying to fight infections: less zinc  
means less nutrients for pathogens to utilize [3,36]. Although inconsistent, there is evidence that  
pro-inflammatory markers are elevated in children with ADHD [4,37]. Stress, acute trauma,  
and infection cause changes in hormones (e.g., cortisol) and cytokines (e.g., interleukin 6) that 
cause sequestration of zinc in the liver and spleen and consequently lower plasma zinc 
concentration [5,38,39]. Therefore, it is plausible that lower levels of zinc were seen in patients with 
ADHD because of an increased pro-inflammatory state.  

An alternate explanation could involve increased zinc-wasting in the urine of children with 
ADHD. In a study by Ward and colleagues, children who were classified as “hyperactive” were 
given a drink with one of either 3 different types of artificial food coloring; their response was 
compared to children without hyperactivity. Hyperactive children ingesting the drink with sunset 
yellow (n = 12) or the tartrazine (n = 23) had significantly decreased levels of plasma zinc and an 
increase in urinary zinc as compared to controls. This led investigators to postulate that hyperactive 
children may be more sensitive to food coloring possibly secondary to causing zinc-wasting in 
urine for individuals with hyperactivity [6,7,40]. 

2.5. Interpreting Zinc Measurements  

Only 0.1% of total body zinc is in the plasma and its concentration is tightly regulated  
by homeostatic mechanisms. Plasma levels may not reflect intracellular and zinc status in  
tissues throughout the body [8,9], and may show changes only when depletion is severe or 
extended [7,9,38]. 

A systematic review of the literature concluded that plasma zinc concentrations did respond to 
supplementation; however, no definitive conclusions could be made regarding its ability to  
change in response to marginal dietary intake [10,41]. Serum and plasma levels are virtually 
equivalent [11,42]. Although serum/plasma zinc are usually used as markers of zinc status in 
populations studies, and are accessible and convenient, there is currently no single universally 
accepted method to measure total body zinc status [8,43]. 

Frank deficiency of zinc may be detected by serum/plasma levels, but for marginal deficiency, 
levels may be imprecise and insensitive. Therefore, physical signs and functional affects may occur 
in the absence of low levels. 
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Additionally, independent of zinc status, plasma levels can be affected by infection, stress, low 
serum albumin, oral contraceptive use, steroid use, diarrhea, and phase of the menstrual cycle [8,38]. 
Additionally, zinc levels in the serum/plasma vary throughout the day. In a population of adult 
women, hour plasma zinc samples were taken, and patients were provided with standard meals at 
standard times. Levels decreased 30–90 min after a meal, reached the lowest point 3–4 h after the 
meal, increased throughout the night, and peaked in the morning before breakfast. Highest values 
of the day (morning) were 22% higher than lowest value at 2100 [8,44]. Various studies have used 
different cut offs for determining zinc deficiency. Based on NHANES data, a suggested lower cut 
off of serum zinc concentration of between 56 and 74 g/dL was given (depending on fasting status 
and age) [8,12,13,38]. 

Given the limitations of measuring plasma/serum zinc alone, some researchers also measured 
hair and urine zinc to better ascertain zinc status in the body [14,15]. Arnold re-analyzed data from 
a previous double-blind, placebo-controlled crossover comparison of d–amphetamine and Efamol 
(evening primrose, containing 320 mg of gamma-linolenic acid per day) for treatment of ADHD to 
determine if there was a differential response moderated by zinc status. Gamma-linolenic acid is an 
omega-6 fatty acid and a precursor of the series 2 prostaglandins, which facilitates zinc  
absorption [7,21]. Status of zinc in the body was classified as adequate, borderline, or frank 
deficiency by considering levels of hair, urine, and red blood cell zinc. Hair levels were considered 
an indicator of long-term zinc status. Urine and red cell zinc were considered indicators of recent 
zinc intake. High levels of urine or hair zinc were considered either as a result of high dietary 
intake or excess wasting of normal intake. Efamol had greatest effect in the group that had 
borderline zinc status. Authors speculated that gamma-linolenic acid may have increased 
absorption of zinc in these patients with borderline deficiency [6,15]. 

2.6. Zinc as Treatment 

Four studies have shown positive results for zinc in the treatment of ADHD. In Turkey, 400 boys 
with a mean age of 9.6 were randomized in a double blind controlled trial to zinc sulfate 150 mg 
(approximately 40 mg of elemental zinc) or placebo. Approximately half of subjects in both the 
placebo and zinc group dropped out of the trial secondary to lack of efficacy and adverse side 
effects. Adverse side effects were similar in the zinc and placebo group except there was a much 
higher incidence of children in the zinc group reporting a metallic taste in the mouth. At week 12, 
serum zinc levels increased as did the level of FFAs. Zinc levels increased from (88.8 ± 25.5 g/dL) 
to (140.6 ± 33.6 g/dL, p = 0.01) and FFA levels increased from 0.69 ± 0.39 mEq/L to  
0.85 ± 0.38 mEq/L (p = 0.03). There was a significant improvement in hyperactivity, impulsivity, 
and socialization in ADHD patients; however, there was no improvement of attention. Improvement 
in hyperactivity, impulsivity, and social inappropriateness was more pronounced in those patients 
who were older, had higher BMIs, and lower pretreatment zinc and FFA values. Full therapeutic 
response was seen in 28.7% of the subjects in the zinc group vs. 20.4% in placebo group. Although 
the results were statistically significant, an intention-to-treat analysis was not done and dosages 
were in significant excess of the DRI. Authors noted that more than 70% still had significant 
symptoms and would likely benefit with supplementary medication [9,45]. 
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This study was followed by a second study in Turkey, where it had been previously estimated 
that 20% of the children are deficient in zinc. In a double blind-randomized control trial, 226 third 
graders from a low socioeconomic level were studied and supplemented with 15 mg of elemental 
zinc syrup for 10 weeks, or a placebo. Zinc levels were drawn in a subgroup and no children were 
found to be deficient, however authors noted that this may have been due to an error in lab 
measurement. Parent rating scale showed improvement for attention deficit and hyperactivity in the 
zinc group but oppositional behavior deceased in the placebo group. No statistical difference in 
Conner’s Rating Scale for Teachers was noted. When a subgroup analysis was done, in the group 
whose mother’s education consisted of primary school or less, compared to placebo, there was a 
statistically significant decrease in the prevalence of children with clinically impairing levels of 
hyperactivity, attention deficit and oppositional behavior in study group. However, no differences 
were seen when examining the Conner’s Rating Scale for Teachers [15,46]. 

In Iran, 44 outpatient children ages 5–11 with combined type ADHD and who were medication 
naïve, were given methylphenidate plus placebo or methylphenidate plus zinc sulfate 55 mg 
(elemental zinc approximately 15 mg), in a double-blind trial for 6 weeks. As assessed by the 
Teacher and Parent ADHD Rating Scale, symptoms improved in both groups with a significant 
better outcome for those in the zinc group. The treatment was tolerable with only nausea being a 
side effect more prevalent in the zinc group, and no one dropped out of the study b/c of side effects. 
However, there was a lack of a full placebo group as 13 out of 22 in the zinc group complained of 
having a metallic taste compared to none in the control group. Zinc levels were not measured in 
this study [17,18,47].  

Arnold and colleagues conducted a study to determine if results could be replicated in the United 
States. Fifty-two children, ages 5–14, participated in a three phase trial. In phase 1, children 
received zinc glycinate 15 mg or placebo for 8 weeks. Phase 2 consisted of two weeks of adding 
open-label fixed dose d-amphetamine (AMPH) to both the double-blind zinc and placebo. Phase 3 
consisted of 3 weeks of AMPH titrated to optimal clinical effect. This was followed by an open 
extension of 8 weeks in which participants in the placebo group were started on zinc (to allow all 
participants to try zinc). Although there were no significant differences in teacher or parent rating 
scores between the zinc and placebo group in phase 1 or 2 of the trial, data from phase three 
showed that the group receiving zinc 15 mg twice a day required a 37% lower dosage of AMPH 
when compared to placebo [18,48]. Authors speculated that this trial was unable to replicate 
previous response rates because prior studies were done in areas of high zinc deficiency. Zinc 
deficiency is more common in the Middle East (as compared to the US) due to high consumption 
of unleavened whole-grain bread and beans. Alternatively, differences could be attributed to the 
use of supplemental zinc glycinate in the US trial rather than zinc sulfate used in the Mideast trials. 
Given concern for possible nutrient-nutrient interaction with zinc supplementation, a safety assay 
was done to look at ferritin, red cell hemoglobin, and ceruloplasmin; all showed no significant 
changes. Dietary intake (Kids’ Food Questionnaire) showed that zinc intake was at borderline 
minimal intake [19,20,48]. 

Not all studies involving zinc supplementation have produced positive results for symptoms of 
ADHD. In a placebo controlled trial in Guatemala, 674 children grades 1–4 in Guatemala, at risk of 
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zinc deficiency, were randomized to zinc oxide 10 mg per day, 5 days a week vs. placebo for  
6 months. There were no differences in mental health outcomes but serum zinc levels did increase 
during the study and increases were associated with decreases in internalizing symptoms but not 
hyperactivity or externalizing symptoms [21,49]. In a double-blind trial in Chile, 40 children with 
ADHD were randomized to methylphenidate + placebo vs. methylphenidate + zinc sulfate 10 mg/day 
for 6 weeks. There was no improvement in parent rating scores and a non-significant improvement 
in teacher’s scores of the Conners Global Index. The mean zinc levels were normal at baseline, and 
decreased with treatment, with less decrease in zinc group, although not statistically significant: 
(placebo: 95.9 ± 21.5 to 77.9 ± 15.5; zinc: 90.3 ± 9.1 to 85.0 ± 12.0 g/dL; NS) [22–24,50]. 

2.7. Other Considerations 

One well-known side effect of psychostimulants is appetite suppression. A group of 100 children 
(average age of 11.2 years) with ADHD and treated with methylphenidate-ER (METH-ER) in 
Spain were given a food intake survey where they reported the foods they had consumed over the 
previous 3 days. On average, patients had been treated with METH-ER for approximately 28 months 
with a mean dosage of 1.02 mg/kg/day. The children with ADHD consumed an average of  
1,778 calories per day and the control group consumed 2,072 calories (p < 0.0001). There was a 
statistically significant difference in zinc intake between the medicated ADHD group and the 
control group: 8.6 mg (SD: 2.6) of zinc vs. 10.2 mg/day (SD: 2.7) [25,51]. The DRI for this age 
group is 8 mg; therefore, a subgroup in the ADHD group was at an increased risk of  
zinc-deficiency secondary to poor dietary intake.  

2.8. Conclusion  

Zinc plays an important role in neurologic functioning. ADHD has been associated with lower 
levels of hair, plasma, serum, and urinary zinc. Although the efficacy of supplementation with zinc 
is not definitively clear, there is evidence to support that many children even in developed countries 
have sub-optimal levels of zinc intake. Children taking stimulants and experiencing appetite 
suppression may have decreased caloric intake and be at an increased risk of insufficient dietary 
intake of zinc. There are mixed results whether baseline zinc status predicts improvement of 
ADHD-related symptoms with supplementation [26,45,48]. Given that plasma zinc levels are an 
imprecise measurement of zinc status, normal zinc levels do not indicate adequate zinc availability 
to the central nervous system; however, low levels indicate deficiency in the body. Measuring more 
than one indicator of zinc status may provide more information regarding zinc status [15,27]. 
Checking plasma/serum levels of zinc (suggestive of short term zinc status) and/or hair zinc 
(suggestive of long term zinc status) may be appropriate for individuals not responding to 
conventional treatments for ADHD and populations at higher risk of zinc deficiency (e.g., 
vegetarians) [27,28]. It has been recommended that zinc in RDA/RDI dosages as part of a balanced 
vitamin/mineral supplement is a safe and cost effective intervention [29,52]. 
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3. Magnesium  

Magnesium is involved in at least 300 enzymatic reactions, and required for fatty acid synthesis.  
It also plays a role in muscle relaxation, protein synthesis, and energy production. Muscles contain  
27% of all the magnesium in the body and bones contain 60%. Dietary sources include: whole 
grains, nuts, legumes, seafood, and green vegetables [6,30,31]. In animal studies, magnesium has 
been shown to activate tyrosine hydroxylase, the rate-limiting step in dopamine synthesis. 
Magnesium also binds serotonin and dopamine to their receptors [32,53]. 

3.1. Evidence for Differential Level  

According to a study done in Poland, children with ADHD had lower levels of magnesium 
compared to healthy controls. Percentage of deficiency was dependent on method of measurement: 
33.6% were deficient on serum magnesium, 77.6% on hair, and 58.6% on red blood cell 
magnesium [33,54]. In an Egyptian sample, compared to healthy controls, serum magnesium  
levels were lower in children with hyperactive and combined type ADHD (2.2 ± 0.9 mEq/L vs.  
1.7 ± 0.8 mEq/L, p = 0.02); there were no differences in levels in the subgroup of children with 
ADHD-inattentive type. In a sample of 76 children in France, compared to healthy controls, those 
with ADHD had lower RBC magnesium levels. However there was not a statistical difference of 
serum magnesium levels between the control and ADHD group [28,34,55]. Conversely, a group of 
college students diagnosed with ADHD in the United States, when compared to healthy controls, 
had higher levels of serum magnesium (789.35 ± 127.22 uM vs. 630.67 ± 87.28 uM, p = 0.002) but 
when RBC magnesium levels were compared, they were no differences between groups [24]. 
Possible hypotheses to account for conflicting results include different dietary intake between 
populations and methods of magnesium assessment. Blood plasma/serum magnesium do not precisely 
reflect intracellular level of magnesium; this may be better reflected in RBC-mag levels [56]. 

3.2. Measuring Magnesium 

Only 1% of magnesium is located in the extracellular space. Therefore, plasma/serum levels 
may not reflect intracellular levels. Furthermore, plasma/serum levels are tightly regulated;  
one-third of magnesium in bone is freely exchanged with the plasma; therefore, even if intake is 
inadequate, normal serum levels may be maintained by bone stores. A systematic review concluded 
that serum/plasma magnesium concentration, red blood cell concentrations (RBC-mag), and 
urinary magnesium are useful markers of magnesium status in healthy populations; these markers 
responded to changes depletion/supplementation. It is unknown whether serum/plasma magnesium 
or RBC-magnesium reflects intracerebral magnesium levels [56]. In clinical practice, RBC-mag is 
commonly used since it measures intracellular magnesium deficiency [57]. 

3.3. Magnesium Supplementation  

A double-blind randomized controlled clinical trial has not been done to evaluate the efficacy of 
magnesium for ADHD. However there is preliminary evidence to suggest that magnesium may be 
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promising to reduce the symptoms of ADHD. There are six reported studies using magnesium as an 
intervention for ADHD. Of these, three had a control group [58]. The largest study was an 
observational study of 810 children (5–12 years of age) with symptoms of inattention and 
behavioral problems (but not with a confirmed diagnosis of ADHD) who were supplemented with 
80 mg of magnesium, zinc, eicosapentaenoic acid, docosahexaenoic acid, and gamma-linolenic 
acid [59]. After 12 weeks of supplementation, there was a reduction in symptoms of inattention as 
well as hyperactivity/impulsivity. In children with ADHD, one study showed improvement in the 
clinical symptoms of ADHD with a magnesium-vitamin B6 (Mg-B6) regimen (6 mg/kg/d Mg,  
0.6 mg/kg/day vitamin B6), and increased RBC magnesium levels with supplementation. However, 
there was no statistically significant association between the increase in RBC-mag levels and 
degree of improvement of clinical symptoms [55]. 

Although magnesium supplementation normalized RBC-magnesium levels in some studies [55,60], 
in others, RBC magnesium levels did not normalize after supplementation although hair 
magnesium levels did improve [61].  

Trave showed that children taking stimulants had decreased magnesium intake as compared to 
healthy controls (222.9 ± 49.8 mg vs. 291.2 ± 86.3 mg) [51]. The DRI for magnesium is 250 mg for 
males and females ages 9–13; therefore, some of these children may be deficient in magnesium.  

3.4. Safety  

Of the trials involving supplementation, only one commented on safety and adverse effects. No 
serious adverse effects occurred, however, 1.1% discontinued the supplement secondary to 
intolerance [59]. The most common adverse side effect is diarrhea; at very high dosages 
magnesium has caused paralytic ileus, metabolic alkalosis, and hypokalemia [62]. Based on animal 
studies, there is concern that in some individuals, depending on dosage, supplementation may cause 
increase in aggression [52,53]. It has been suggested that moderate doses (up to 200 mg/day) pass 
the criteria of being a safe, inexpensive, and possibly efficacious adjunctive treatment for 
individuals with ADHD [52].  

3.5. Summary  

There is preliminary evidence to suggest that a subgroup of patients presenting with 
hyperactivity, impulsivity, and inattention may be deficient in magnesium. It is unclear if this is 
true for only certain regions of the world. Some individuals may be at higher risk for magnesium 
deficiency (e.g. those with appetite suppression or proton pump inhibitors [63]). In individuals 
presenting with symptoms of AHD, where there is clinical suspicion for magnesium deficiency, 
clinicians may consider measuring RBC-mag levels.  
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4. Vitamin D  

4.1. Basic Functions, Sources, and Relevance for ADHD 

In addition to its regulation of calcium and phosphorous in the intestine and stimulation of bone 
cell mineralization, vitamin D is a neuroactive steroid that has been shown in both animal and 
human studies to be important for normal brain development [6,64]. Vitamin D receptors and  
1 -hydroxylase enzyme (1 -OHase), an enzyme responsible for the formation of the active form of 
vitamin D, are located throughout the central nervous system. Vitamin D receptors and enzymes 
are located in neuronal cells of the substantia nigra, hippocampus, hypothalamus, prefrontal cortex, 
and cingulated gyrus; many of these regions have also been shown to have abnormalities in  
ADHD [65,66]. There is data to suggest that Vitamin D deficiency during development has 
deleterious effects on the dopamine system and, in animal models, vitamin D has been shown to be 
associated with the production of tyrosine hydroxylase, the rate-limiting enzyme for dopamine 
synthesis [67,68]. Vitamin D may exert its neurological effects through various mechanisms. In 
animal models, it has been shown that vitamin D is an important factor for the differentiation of 
developing brain cells, is involved in axonal growth, can increase antioxidants such as glutathione 
and therefore protect against oxidative stress, and can regulate various neurotrophic factors such as 
nerve growth factor. Although largely cross-sectional in design, there have been studies 
demonstrating an association between low vitamin D levels with schizophrenia, depression, and 
Alzheimer’s Disease [68].  

4.2. Measuring Vitamin D 

Although 1,25-dihydroxyvitamin D is the active form of vitamin D, serum levels are not 
considered a useful measure of vitamin D status in the body because its half-life is short and it may 
remain normal even in deficiency secondary to up-regulation of the 1 -OHase enzyme.  
25-hydroxyvitamin D (25-OH) is agreed to be the best measure of Vitamin D and reflects both 
cutaneous synthesis and intake from food and supplements. Although there is debate in the 
literature regarding optimal levels of Vitamin D, individuals with 25-hydroxyvitamin D levels 
below 20 ng/mL (50 nmol/L) are considered deficient and levels above 50 ng/mL (125 nmol/L) 
may cause potential adverse effects. For vitamin D, the current Recommended Dietary Allowance 
is based on data for bone health. The Institute of Medicine determined in their 2011 report that 
there was insufficient evidence to show a causal relationship between vitamin D and extraskeletal 
outcomes. The Recommended Dietary Allowance for individuals ages 1–70 is 600 IU/day. The 
tolerable upper intake levels for children ages 4–8 is 3,000 IU/day and for children 9 and above is 
4,000 IU/day [69]. 

4.3. Sources  

Provitamin D molecules in the skin are converted by sunlight to vitamin D. Dietary sources of 
vitamin D include fatty fish, eggs, butter, liver, and fortified foods like milk [6]. Individuals at 
increased risk for insufficient amounts of vitamin D include those with darker skin pigmentation, 
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limited sun exposure, kidney disease, liver disease, disorders of malabsorption, and taking some 
antiepileptic drugs [70]. 

4.4. Evidence for Differential Level 

In a case control study done in Qatar, 1,331 children diagnosed with ADHD (ages 5–18) based 
on clinical diagnosis and rating scales, were matched with children without ADHD. There was a 
statistically lower level of 25-OH vitamin D (16.6 ± 7.8 ng/mL) in the ADHD group compared 
with healthy controls (23.5 ± 9.0 ng/mL, p < 0.001). These correlations continued to be true after 
adjusting for BMI and gender (adj. OR = 1.54 with CI of 1.32–1.81, p < 0.001). 19.1% of children 
with ADHD vs. 12.7% of healthy controls had 25-OH vitamin D levels of less than 10 ng/mL, 
indicating severe deficiency. Limitations of the study included that dietary intake was not measured 
nor amount of time in the sun; therefore, it is unclear if these changes were due to differences in the 
amount of sunlight exposure, dietary intake, or metabolism of vitamin D. Even in sun-rich 
countries, vitamin D deficiency exists in part due to limited time outdoors because of extreme 
climates [71]. 

In a cross section study, a group in Turkey measured 25-OH vitamin D in children  
(ages 9 ± 2.2 years old) diagnosed with ADHD (n = 60) and compared these to a healthy control 
group (10.1 ± 3.3 years old). The ADHD group had statistically lower levels of 25-OH vitamin D  
(20.9 ± 19.4 vs. 34.9 ± 15.4 ng/mL). No differences were noted in levels of calcium, phosphorous, or 
alkaline phosphatase and levels of vitamin D were not different in the three subgroups (inattentive vs. 
hyperactive/impulsive vs. combined) [72]. 

4.5. Summary 

There are no current studies in children using vitamin D as a treatment for ADHD, but two 
studies show lower levels of vitamin D in individuals with ADHD. There are vitamin D receptors 
in key areas of the brain implicated in ADHD, and increasing research showing the importance of 
this vitamin in brain development. Clinicians may consider measuring 25-OH vitamin D levels in 
some individuals with symptoms of ADHD, especially in those with other risk factors.  

5. Iron 

A systemic review of the literature examining the association of iron and ADHD was recently 
published; the reader is referred to this article for a more comprehensive review [73]. Iron is 
necessary for the synthesis of catecholames and dopamine. Ferritin is a marker of peripheral iron 
stores, and can be used to estimate body-iron stores; however, it is not known if it reflects brain 
iron [73]. Although some studies have shown lower levels of ferritin in children with ADHD, other 
studies have not found this correlation; therefore, current results are mixed [73–75]. There is only 
one randomized-placebo controlled trial (n = 23) evaluating the efficacy of ferrous sulfate (80 mg) 
for non-anemic children with ADHD and low ferritin levels (<30 ng/mL); supplementation showed 
some improvement of symptoms of ADHD [76]. 
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Studies have estimated the prevalence of Restless Leg Symptoms (RLS)/RLS symptoms in  
patients with ADHD to be up to 44% [77]. In 2003, a report from a National Institutes of Health 
(NIH) consensus conference defined four essential criteria of RLS: urge to move the legs, worse 
with rest/inactivity, worse in the evening, and relieved by movement. For children, there is an 
additional criteria of the child expressing leg discomfort in their own words [78]. It is hypothesized 
that a common dysfunction of the dopamine system accounts for the high comorbidity. There is 
currently no definitive treatment algorithm for children presenting with RLS [79]. In children with 
RLS and low ferritin (less than 40 ng/mL), iron supplementation was found to be effective for 
improving symptoms of ADHD in a small open-label study [80]. Given the high comorbidity, 
children with symptoms of ADHD should be screened for RLS, and in those with RLS, measuring 
serum ferritin should be considered.  

6. Conclusions 

Many symptoms of ADHD are addressed with behavioral therapy and medications; however,  
even with combined treatments, one-third of patients are still symptomatic [4]. Currently there is no 
evidence to support supplementation as a monotherapy for the treatment of ADHD, however, 
supplementation may improve medication response and overall well-being, especially in those with 
deficiencies. Although it is not definitively clear the percentage of children presenting with 
symptoms of ADHD who have nutrient deficiencies, the existing literature suggests that a subgroup 
of children with ADHD are at risk for nutrient deficiencies which may play a role in 
symptomology. In children presenting symptoms of ADHD, clinicians are encouraged to review 
the dietary history, consider risk factors for zinc, iron, magnesium, and vitamin D deficiency and 
order RBC-magnesium, 25-OH vitamin D, ferritin, and serum zinc when appropriate (see Table 1). 

Key acronyms: 25-OH (25-hydroxyvitamin D), RDA (Recommended Daily Allowance), DRI 
(Dietary reference intake), UL (Tolerable Upper Intake), EFA (Essential fatty acids), EAR 
(Estimated average requirement).  

Table 1. Possible Nutrient Deficiencies in Children with ADHD 

Nutrient 
Existing Evidence for 
Differential Levels in 
Children with ADHD 

Children at Additional Risk  
for Nutrient Deficiency 

Laboratory 
Measurement 

Zinc Yes 
vegetarians, poor dietary intake of  

zinc-rich foods  
Serum/plasma zinc 

and/or hair zinc 

Magnesium Yes 

poor dietary intake of magnesium-rich foods 
(whole grains, nuts, legumes, seafood, green 

vegetables), consuming medications that 
decrease magnesium absorption  

(e.g. proton pump inhibitors) 

RBC-magnesium 

Vitamin D Yes 
darker skin pigmentation, limited sun exposure,  

kidney disease, liver disease,  
disorders of malabsorption 

25-OH Vitamin D 

Iron Yes poor dietary intake of iron Ferritin 
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Vitamin D in Children’s Health 

Joy A. Weydert 

Abstract: Knowledge of vitamin D in the health of children has grown greatly over the years, 
extending past the importance for calcium homeostasis and bone growth. There is growing 
recognition of the role vitamin D plays in health impacting the innate immune system to prevent 
infections and the adaptive immune system to modulate autoimmunity. Other studies are starting to 
reveal the neurohormonal effects of vitamin D on brain development and behavior, with a link to 
mental health disorders. Many of these effects start well before the birth of the child, so it is 
important that each pregnant woman be assessed for vitamin D deficiency and supplemented for 
the best possible health outcome of the child. It is recommended that targeting a 25(OH)D level of 
40–70 ng/mL for each individual would provide optimal health benefits and reduce health care 
costs. Current recommended doses of vitamin D supplementation fall short of what is needed to 
obtain ideal serum levels. A vitamin D supplementation program to prevent disease, much like the 
current vaccination program, could potentially have a dramatic impact on overall health worldwide. 

Reprinted from Children. Cite as: Weydert, J.A. Vitamin D in Children’s Health. Children 2014, 1, 
208-226. 

1. Introduction 

The role of vitamin D has been widely publicized in the popular press promoting health benefits 
beyond that of bone mineralization. Some of the claims state that vitamin D reduces the incidence 
of cancer, prevents viral illnesses, treats musculoskeletal pain and stabilizes mood disorders such as 
depression. There has also been increased interest in the scientific community to study vitamin D 
both at the basic science and clinical levels to address these claims plus others. From Pub Med [1] 
greater than 60,000 citations are available related to vitamin D alone. As a result, a wealth of 
information has been produced that adds to our understanding of how this hormone affects virtually 
every cell in the body. 

In this article, basic vitamin D biochemistry will be reviewed to present the current 
understanding of its action on various systems throughout the body. Additionally, literature from 
basic science and clinical studies on vitamin D in relation to current disease states will be 
presented. Lastly, there will be a discussion on the potential economic impact on health care if 
Vitamin D levels were optimized for all individuals starting before birth. 

2. Discussion 

2.1. Vitamin D Biochemistry 

In contrast to its name, vitamin D is not a vitamin, but rather a steroid hormone. Vitamins are  
anti-oxidants or co-factors in enzymatic reaction that primarily come from food. Steroid hormones,  
on the other hand, regulate gene expression—turning on and off protein production as the body 
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requires. Vitamin D is produced by activation of plant and animal sterol fractions, phytosterol and 
cholesterol respectively, by sunlight (Figure 1). Plant sterols activated by UVB irradiation produce 
vitamin D-2. In animals and humans, 7-dehydrocholesterol, the vitamin D precursor found 
primarily in the epidermal layer of the skin, is activated by sunlight to produce vitamin D-3 and is 
bound to vitamin D binding protein (VBP). This is transported to the liver where it is rapidly 
hydroxylated by vitamin D-25-hydroxylase to form 25-hydroxyvitamin D [25(OH)D], the major 
circulating form of vitamin D. This is considered a pro-hormone with no innate hormone activity in 
this state [2]. Through further hydroxylation by the enzyme 25-hydroxyvitamin D-1- -hydroxylase, 
25 (OH)D is converted into the biologically active form, 1,25 di-hydroxyvitamin D [1,25(OH)2D]. 
1,25 di-hydroxyvitamin D regulates more than 200 different genes, directly or indirectly, by 
binding to vitamin D nuclear hormone receptors (VDR) that drive a wide variety of biological 
processes. Most of the conversion of 25 (OH)D to 1,25(OH)2D occurs in the kidney and is tightly 
regulated by parathyroid hormone (PTH), calcium, and phosphorus levels. In this activated state, 
vitamin D has classic endocrine effects and regulates serum calcium and bone metabolism [3]. The 
conversion to 1,25(OH)2D also occurs in various tissues such as brain, breast, and skin, and in 
monocytes and macrophages. This local production of 1,25(OH)2D regulates cell proliferation, 
differentiation, and apoptosis as well as augment immune function at those sites [4]. Through this 
mechanism, vitamin D affects cells directly by its autocrine and paracrine functions and is under 
autonomous control [5]. VDR are found ubiquitously in the nucleus of all tissues and cells of the 
immune system and can respond to the activated 1,25(OH)2D for gene expression at virtually any 
site in the body. Having these various endocrine and paracrine functions may explain why  
vitamin D has wide spread effects on various disease processes. 

Having adequate levels of 25 (OH)D is crucial for optimal production of activated 1,25(OH)2D. 
Food provides a limited source of Vitamin D (salmon, sardines, tuna, cod-liver oil for Vitamin D3, 
and egg yolks or shiitake mushrooms for Vitamin D2) therefore diet alone only provides 100 to  
200 IU of vitamin D per day. Exposure to sunlight, in contrast, produces 10,000 to 20,000 IU when 
30% of the body surface area is exposed to sunlight 15 to 30 min a day [6]. Sunlight produces 
UVA, UVB, and UVC rays, each with different skin penetrations and biological actions. It is only a 
very narrow band of UVB rays (290–320 nm) that activates the 7-dehydrocholesterol in the 
epidermis. The UVB rays that reach the earth’s surface is directly affected by the zenith angle of 
the sun. Very little UVB reaches the earth’s surface in the early morning or late afternoon hours of 
the day due to the oblique nature of the sun's rays. UVB rays that are most efficient in producing 
vitamin D are available when the sun is most perpendicular to the earth’s surface—between 10 AM 
and 3 PM. The zenith angle is also affected by season and latitude. In the northern and southern 
hemispheres, beyond the 33° latitude, the zenith angle is at its minimum during the winter months 
with virtually no vitamin D production possible [7]. 
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Besides season, time of day, and latitude, UVB exposure is limited by other factors. Sunscreens 
reduce vitamin D production by 95% (SPF 8) to 99% (SPF 15). Institutionalized persons in prisons, 
schools, nursing homes, or hospitals get very little direct sun exposure. Dark skinned persons 
require 10 to 15 times the same sun exposure to produce equivalent amounts of vitamin D than in 
light skinned persons. Melanin absorbs UV radiation and competes for UVB photons that are 
needed for vitamin D production. [8] Air pollution and clothing that covers the entire body, as 
required in some cultures, also reduces UVB exposure. Additionally, obesity impacts the amount of 
circulating vitamin D that is produced in the skin as subcutaneous fat sequesters the synthesized 
vitamin D in its cells making it unavailable for conversion to 1,25(OH)2 D [2]. 

Figure 1. Skin—Principal Source of Vitamin D Production. 

 

Certain medications and medical conditions can also affect the amount of circulating vitamin D. 
Drugs that are dependent on the cytochrome P-450 system for metabolism, such as phenobarbital, 
valproic acid, and ketoconazole, compete with Vitamin D for this pathway. Drug-vitamin studies 
have shown a decrease in vitamin D levels with use of these medications. Malabsorption disorders, 
such as cystic fibrosis or Crohn’s disease, liver disease, and kidney disease, also affect vitamin D 
levels and utilization [4]. 
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2.2. Measurement of Vitamin D Levels 

Deciding which vitamin D level to measure depends on what needs to be assessed clinically. 
25(OH)D, though metabolically inactive, is the major circulating from of vitamin D. It is generally 
the best indicator of overall vitamin D status and is used to correlate vitamin D stores with clinical 
disease. The circulating half-life is 2 to 3 weeks (Table 1). 1,25(OH)2D, the metabolically active 
form, is closely regulated by 25(OH)D, PTH, calcium and phosphorus, and is measured to assess 
calcium metabolic disorders related to the renal production of 1,25(OH)2D. Its circulating half-life 
is 4 to 6 hours. 

Low 25 (OH)D levels lead to decreased intestinal absorption of calcium causing a transient 
decrease of ionized calcium. This signals an increase of PTH to mobilize calcium from bones, 
increase tubular reabsorption of calcium from the kidneys, and increase production of 1,25(OH)2D 
by the kidneys. This increased production of 1,25(OH)D2D may not always need to occur, 
therefore low 25(OH)D may be associated with normal or elevated 1,25(OH)2D levels [4]. 

Table 1. Current accepted definitions of various Vitamin D levels include: [9]. 

>150 ng/mL Toxicity 
100 ng/mL Maximum upper limit 

40–70 ng/mL Ideal range 
>30 ng/mL Sufficient 

21–29 ng/mL Insufficient 
<20 ng/mL Deficient 

Vitamin D intoxication is defined as a 25(OH)D level >150 ng/mL associated with 
hypercalcemia, hypercalciuria, and hyperphosphatemia. Sunlight destroys excess vitamin D that is 
produced in the body so it is not possible to get vitamin D intoxication from sun exposure alone. 
Studies on outdoor workers during summer months found naturally produced vitamin D levels 
averaged around 50 ng/mL. Lifeguards at the beach had reported levels of 100 to 125 ng/mL 
without evidence of toxicity [10]. Toxicity could potentially occur with supplementation with 
vitamin D of greater than 10,000 IU daily over a prolonged period of time. 

Vitamin D intoxication did occur in children who received an erroneously manufactured dietary 
supplement of fish oil with added vitamin D. These children presented with symptoms of 
hypercalcemia—weakness, constipation, loss of appetite, nausea, vomiting—and found to have 
serum calcium levels of 13.4 to 18.8 mg/dL. They also had measured levels of 25(OH)D of 340 to  
962 ng/mL. When supplement intake was discovered and the product tested, the vitamin D was  
4,000 times its stated amount. Estimated intakes of vitamin D for these children were between 
266,000 to 800,000 IU per day. With discontinuation of the dietary supplement and with treatment, 
calcium levels normalized within 3 days and 25(OH)D levels normalized within 2–3 months [11]. 

On the other hand, insufficient and deficient levels, <30 ng/mL and <20 ng/mL respectfully, are 
commonly found in the general population. A recent National Health and Nutrition Examination 
Survey (NHANES) estimated that 10.3% of US children aged 6–18 years (population estimate  
5.5 million) have 25(OH)D levels <16 ng/mL. Generally, vitamin D levels were lowest in  
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African-American children averaging 20 ng/mL and Hispanics at 24 ng/mL. Most of these children 
showed some evidence of bone demineralization on standard radiographs [12,13]. It is unclear if 
this was related specifically to skin pigment, diet, or lifestyle or combination thereof. 

Only 10% to 15% of dietary calcium and 60% of dietary phosphorus is absorbed from the 
intestinal tract in low vitamin D states. When 25(OH)D levels fall below 40 ng/mL, PTH is 
activated due to the decrease in calcium absorption from the intestines. PTH activates osteoblasts 
that stimulate the formation of osteoclasts which dissolve the calcium: phosphorus collagen matrix 
in bone. If not remedied, this can lead to osteopenia and rickets. The incidence of rickets in the 
industrialized world has increased over the past two decades as documented in the US, Canada, and 
Australia [14–16]. Rickets is most prevalent in darker pigmented races (immigrant refugees), in 
those living at higher latitudes, and in breast or formula fed babies who do not receive adequate 
vitamin D supplementation. 

Vitamin D experts advocate targeting 25(OH)D levels of 40 to 70 ng/mL to achieve the optimal 
skeletal function without toxicity [3,9]. Maintaining 25(OH)D levels above 40 ng/mL keeps PTH 
suppressed and allows for most favorable absorption of calcium from the intestines. Beyond the 
skeletal benefits, studies are now showing a correlation of improved health outcomes with higher 
levels of vitamin D. Advocating for vitamin D levels to reach the optimal levels noted above has 
been controversial and there have been conflicting recommendations since the release of the 2010 
IOM report on vitamin D supplementation. This report stated that the recommended daily allowance 
(RDA) of 600 IU is the upper limit that should be given to any child or adult regardless of 
measured blood levels [17]. Based on pooled published studies, however, primarily in adults, the 
disease incidence prevention from higher 25(OH)D levels was significant. This could have important 
implications in preventative health care for children Figure 2 [18]. 
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2.3. Extraskeletal Effects of Vitamin D 

Vitamin D is known to have direct effects on innate immunity. Vitamin D receptors (VDR)  
are present in lymphocytes, monocytes and macrophages. In TB infections, for example, immune 
cells up-regulate their own expression of VDR and 1- -hydroxylase increasing the local production 
of 1,25(OH)2D. This activates the transcription of antimicrobial peptides, cathelicidins and 
defensins [6]. When serum 25(OH)D levels fall below 20 ng/mL, monocytes and macrophages 
cannot initiate the innate immune response [19]. This activation of antimicrobial peptides also 
occurs in the skin and epithelial cells throughout the body. Localized injury or insult of the 
mucocutaneous barrier by viruses or bacteria activates 1- -hydroxylase in tissues thereby 
increasing the local production of 1,25(OH)2D. This augments the expression of tissue cathelicidins 
and defensins thereby producing antimicrombial effects at the site of insult. The fact that the 
incidence of upper respiratory illnesses and influenza is higher after the winter solstice, in higher 
latitudes, in children with rickets, and in the institutionalized again seems to support the theory that 
the lack of vitamin D increases susceptibility to illness. In a study on vitamin D and osteoporosis in 
adults, those participants with low vitamin D levels were 40% more likely to report a recent URI 
compared to those whose 25(OH)D levels were > 30 ng/mL [20]. 

Prospective trials have been done studying the effects of vitamin D on the incidence of 
microbial illness in children. One study found an inverse association between cord-blood levels of  
25 (OH)D and the risk of developing infections in infants. Newborns with 25(OH)D levels  
of <10 ng/mL were more likely to develop upper respiratory infections or otitis media by 3 months of 
age and wheezing at 15 months compared to those who had higher levels [21]. Cord blood  
vitamin D deficiency in otherwise healthy neonates was also associated with an increased risk of 
developing respiratory syncytial virus (RSV) during infancy. Neonates born with 25(OH)D 
concentrations <20 ng/mL had a six fold increased risk of developing a lower respiratory  
tract infection with RSV in the first year of life compared with those with 25(OH)D  
concentrations 30 ng/mL [22]. A randomized controlled trial compared the use of 1200 IU of 
vitamin D to placebo in 334 Japanese children during the months of December through March on 
the incidence of influenza A. The outcomes showed the study group was 58% less likely to get 
influenza A compared to the placebo group. Additionally, of the children who also had asthma, 
only 2 in the study group vs. 12 in the placebo group contracted influenza A [23]. 

Vitamin D also plays a role in adaptive immunity with nuclear VDR and vitamin D-activating 
enzymes present in both T and B cells. In the presence of vitamin D, T cells inhibit the secretion of 
pro-inflammatory Th-1 cytokines (IL-2, interferon , TNF- ) and promotes the production of the 
more anti-inflammatory Th-2 cytokines (IL-3, 4, 5, 10). Vitamin D also controls B-cell activation 
and proliferation thus reducing the production of auto-reactive antibodies [24]. This is important as 
epidemiological studies have shown an association between vitamin D deficiency and the increased 
incidence of autoimmune diseases. Many of these diseases, such as multiple sclerosis (MS), 
rheumatoid arthritis (RA), Crohn’s disease, and Type 1 diabetes mellitus (DM), are more prevalent 
in populations residing in higher latitudes. Women living at 35° N latitude for the first 10 years of 
life had an almost 100% increased risk of developing MS [25]. Women at this same latitude who 
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took >400 IU of Vitamin D daily had a 42% decreased risk of developing MS [26]. Ten thousand 
three hundred sixty-six children in Finland received 2,000 IU of Vitamin D daily for the first year 
of life and then followed for the next 31 years. These children had a 78% reduced risk of 
developing Type 1 DM compared to those who did not receive this supplementation [27]. 

It is suggested that both MS and Type 1 DM may be caused by viral infections early in life.  
These infections trigger the destruction of myelin (in MS) and islet cells (in DM) from the action of 
excess pro-inflammatory cytokines and autoantibodies found in low vitamin D states. Increasing 
vitamin D intake during pregnancy reduced the development of islet cell auto-antibodies in 
offspring, thus supporting aspects of this theory [28]. 

The benefit of adequate vitamin D has also been demonstrated in children with asthma, eczema, 
and allergies. One thousand ninety-four mother-child pairs were evaluated for vitamin D levels and 
the incidence of childhood wheezing. Mothers with the highest intake of vitamin D were 61% less 
likely to have a child with recurrent wheeze, and for each 100 IU increase of intake, the risk fell by 
19% [29]. 

A RCT compared the use of budesonide alone to budesonide plus daily supplementation  
with vitamin D 500 IU in children newly diagnosed with asthma. At six months, both groups had 
significant improvements in lung function as measured by FEV-1 and the Asthma Therapy 
Assessment Questionnaire (ATAQ). There were significantly fewer asthma exacerbations, 
however, in the vitamin D group compared to the budesonide only group. It was noted that each 
exacerbation was precede by an acute respiratory infection thereby it was surmised that vitamin D 
intake reduced the incidence of acute URI that triggered asthma exacerbations [30]. 

Children with eczema who took vitamin D 4000 IU daily for 21 days had significant increases  
in cathelecidin levels and reduced colonization of skin pathogens [31]. Low vitamin D levels 
correlated with sensitivity to 11 of 17 allergens tested via IgE RAST for food and environmental 
triggers. Children with 25(OH)D levels <15 ng/mL were more likely to have peanut, ragweed and 
oak allergy [32]. 

2.4. Vitamin D and Cancer 

Practically all tissues express 1- -hydroxylase that allows for local production of 1,25(OH)2D.  
This, in turn controls the local expression of genes that regulate cell proliferation and 
differentiation. It is known that activated vitamin D blocks cells at the G-1 phase, modulates 
production of several pro-oncogenes, and promotes apoptosis in some forms of cancer. Activated 
vitamin D also decreases angiogensis which reduces the risk of dissemination [33]. 

The majority of studies evaluating the association of vitamin D levels to cancer found a 
protective relationship between sufficient vitamin D status and lower risk of cancer [34]. People 
living at higher latitudes show an increase risk for developing Hodgkin’s lymphoma, pancreatic, 
breast, colon, and ovarian cancers. When compared to patients with these same diseases living at 
lower latitudes, those at higher latitudes were more likely to die, even when controlled for lifestyle. 
These statistics were associated with 25(OH)D levels <20 ng/mL [35]. In another epidemiological 
study, children and young adults exposed to the most sunlight had a 40% reduced risk of 
developing non-Hodgkin’s lymphoma [36]. 



44 
 

 

Overall there is a strong inverse correlation for solar UVB irradiance and the incidence of 
various cancers—bladder, breast, cervical, colon, endometrial, esophageal, gastric, lung, ovarian, 
pancreatic, rectal, renal, vulvar, and Hodgkin’s and non-Hodgkin’s lymphoma. This same effect 
was not found with vitamin D oral supplementation [37]. 

The campaign for use of sun-screens and for sun avoidance was initiated to reduce the incidence 
of skin cancers. Though this has decreased some forms of non-melanoma cancer, the actual rate of 
melanoma has increased [38]. The working theory to explain this phenomenon suggests that 
sunscreens primarily block UVB rays to prevent sunburn, but do not fully block UVA or UVC rays 
that penetrate the deeper layers of skin causing DNA damage. With the reduced risk of sun burn, 
individuals often have prolonged sun exposures not realizing that deeper damage is occurring. 

2.5. Vitamin D and Pain 

Vitamin D increases muscle protein synthesis, possibly by activating second messengers and 
phosphorylation [39]. In mouse models, skeletal muscle hypersensitivity with increased numbers of 
nociceptor axions were documented in mice with vitamin D deficient states but not in those with 
vitamin D sufficient states [40]. Vitamin D deficiency has been associated with muscle pain and 
proximal muscle weakness with reports of heaviness in the legs, rapid fatigue, and problems with 
climbing stairs or mobility. Vitamin D deficiency is also frequently documented in patients 
diagnosed with fibromyalgia and non-specific musculoskeletal pain [41]. In pediatrics, vitamin D 
deficiency may present as atypical muscular pain and is found more typically in those who are 
Caucasian, have a history of being breastfed, are protected from the sun, and are obese [42]. 

In a recent clinical study of individuals with chronic pain, 71% of enrolled subjects were vitamin  
D deficient (<20 ng/mL) and 21% were vitamin D insufficient (20–30 ng/mL). Only 8% of  
these subjects had levels > 30 ng/mL. Lower vitamin D levels were significantly associated with 
higher pain sensitivity scores [43]. In another study, resolution of pain occurred when subjects with 
chronic pain were adequately supplemented with vitamin D-3 to reach 25-hydroxy Vitamin D levels  
of >30 ng/mL [44]. 

Very low vitamin D levels have been found in a survey of children with migraine as well [45]. 
Vitamin D deficiency is associated with higher levels of pro-inflammatory and pro-coagulatory 
biomarkers—some of the same biomarkers known to be elevated in adult and pediatric patients 
with migraine. These biomarkers are indicative of endothelial activation and vascular reactivity 
caused by inflammation and oxidative stress [46,47]. Vitamin D, because of its immune 
modulation, nerve stabilizing, and antithrombotic effects may decrease the incidence of migraine. 
Thus far no randomized, placebo controlled studies have been conducted in adults or children using 
vitamin D to prevent or treat migraine, however several case reports suggest that vitamin D may be 
effective in reducing migraine pain in adults. There was demonstrated reduction of headache pain 
when patients were supplemented with vitamin D (1000–1500 IU) and calcium (1000–1500 mg). 
Though the role of calcium in suppressing pain could not be ruled out, vitamin D seemingly was 
more vital for headache relief. Serum calcium levels normalized within the first week of therapy, 
but headache pain only abated once there was normalization of the 25(OH)D levels which occurred 
at 4 to 6 weeks of treatment [48]. 
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2.6. Vitamin D and Mental Health 

Vitamin D is emerging as a steroid derivative with neuroactive properties that have direct effects 
on brain development. There is a wide distribution of VDR and 1- -hydroxylase throughout the 
brain allowing for local production of activated vitamin D. 1,25(OH)2D regulates nerve growth 
factor and glial cell line-derived neurotropic factor which orchestrates the cellular architecture of the  
brain. Activated vitamin D also has neuroprotective effects via neuromodulation, anti-inflammatory, 
anti-ischemic, and anti-oxidant properties [6]. 

Having adequate vitamin D levels in-utero and early stages of life ensures normal receptor 
transcriptional activity vital for brain development and mental functioning [49]. Vitamin D affects 
the proteins directly involved in learning, memory, motor control, and social behavior [50], and is 
closely associated with executive functioning such as goal-directed behavior, attention, and 
adaptability to change [51]. 

Vitamin D deficiency and insufficiency are found frequently in adolescents with severe mental 
illness. Vitamin D deficiency has been linked to an increased risk of developing schizophrenia.  
In one study of adolescents admitted to an acute mental health facility, those who were vitamin D 
deficient were 3½ times more likely to have psychotic features when compared to vitamin D 
sufficient patients [52]. In another review of psychiatric patients, those with the lowest levels of 
vitamin D (<20 ng/mL) were more likely to be male, of Middle East, South-East Asian, or African 
ethnicity, and had diagnoses of autism and schizophrenia. When supplemented with 1000 to 4000 IU 
of vitamin D, many had clinical improvement [53]. 

Vitamin D deficiency has also been associated with depression and seasonal effective disorder. 
Vitamin D deficiency decreases the expression of the enzyme catechol-O-methyl transferase 
(COMT), required for dopamine and serotonin metabolism. This has been associated with negative 
CNS effects in animal studies [50]. In human studies, resolution of depression occurred when 
depressed adolescents were adequately supplemented with vitamin D-3 to reach 25(OH)D levels  
of >30 ng/mL [54]. 

There has been an undeniable increase in the incidence of autism since the 1980s that is not 
explained by changes in diagnostic criteria or changes in reporting. The incidence of autism in 
1980 was approximately 1:200 but now stands at 1:68 in the US [55]. Studies in Asia, Europe, and 
North America have identified individuals with autism with an average prevalence of about 1%.  
A study in South Korea reported a prevalence of 2.6% [56]. Current research suggests that autism 
may have an underlying genetic susceptibility with biochemical abnormalities. This susceptible 
state is impacted by environmental influences which trigger the development of autism through 
mitochondrial dysfunction, immune dysregulation, inflammation, oxidative stress, methylation 
problems, and toxicity [57]. 

The lack of adequate vitamin D, in theory, may play a role in the development of autism  
(Table 2). What is currently known: 

Also known is the strong correlation between latitude and the incidence of autism, increased 
number of children with autism born during the winter months, more autistic children are born to 
multiparous women, higher prevalence of autism in geographic areas with highest cloud cover and 
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precipitation, and greater incidence in urban vs. rural populations (possibly from air pollution, tall 
buildings, indoor living) [68–71]. The vitamin D theory does not diminish the genetic or other 
environmental contributions; rather it may allow the genetic tendency of autism to express itself in 
a state of vitamin D deficiency. 

Table 2. Commonalities between Autism and Vitamin D deficiency. 

Autism Vitamin D 

Serotonin, which promotes social behavior and  

facilitates accurate assessment of emotional social cues, 

is reduced in autistic brains. Low Vitamin D levels  

are also commonly found in autism. 

1,25(OH)2D activates the transcription of tryptophan  

hydroxylase-2, an enzyme that converts tryptophan  

to serotonin in the brain [58].  

Increased levels of inflammatory cytokines are  

found in autism-- IL-1 , IL-6, IL-8, etc [59]  

Inflammatory cytokines (IL-6, IL-10, CRP, etc)  

are elevated in Vitamin D deficiency [60].  

Low glutathione levels found in autism—difficulty  

excreting heavy metals [61].  

Vitamin D increases glutathione in the brain—suggesting  

a role for the hormone in brain detoxification pathways [62]. 

Depakote has been associated with autism  

in children of mothers taking this during pregnancy [63]. 
Depakote lowers Vitamin D levels [64]. 

Seizures are common in children with autism [65].  
Normalization of serum vitamin 25(OH)D level  

has an anticonvulsant effect [66].  

Autism occurs more frequently in male > females. 
Estrogen protects the developing female brain from Vitamin D 

deficiency (oxidative stress). Testosterone does not [67]. 

2.7. Vitamin D in Pregnancy and Effects on Fetus and Newborn 

Vitamin D deficiency and insufficiency occur in 27% to 91% of all pregnant women depending 
on the country of residence [7]. A meta-analysis of studies assessing vitamin D in pregnancy showed 
an inverse association of low vitamin D levels and the risk of pre-eclampsia, gestational diabetes,  
pre-term births, and small for gestational age babies [72]. Low maternal vitamin D predisposes the 
fetus/newborn to low vitamin D stores as well leading to rickets, wheezing, and upper respiratory 
tract infections and mental health issues as noted before. Vitamin D deficiency in pregnancy has 
also been associated with the increased development of IgE-specific allergens and eczema in 
offspring [73,74]. An Australian study found maternal vitamin D insufficiency during pregnancy 
was associated with language impairment in their offspring [75]. Yet another study found 
inadequate vitamin D during pregnancy effected tooth calcification in the newborn. Women who 
had the lowest 25 (OH)D levels had children with a greater incidence of tooth enamel hypoplasia 
and early childhood caries by age 1 year [76]. 

Exclusive breastfeeding without adequate sun exposure or vitamin D supplementation 
contributes to ongoing vitamin D deficiency in newborns as unsupplemented breast milk only 
contains 20 to 80 IU/L of vitamin D. (By comparison, infant formula is required to be fortified with 
40 to 100 IU of vitamin D per 100 kcal to give approximately 270 to 677 IU/L.) Research revealed 
that lactating women often need 25 (OH)D levels of 40 to 50 ng/mL to provide sufficient vitamin D 
in breast milk for nursing infants [77]. Daily doses of 4000 to 5000 IU daily of cholecalciferol 
(Vitamin D-3) were required to achieve optimal 25(OH)D serum levels in lactating women and did 
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not cause toxicity [78,79]. This dose is much higher than the recommended daily allowance of  
600 IU suggested by the IOM for adults and lactating women and also significantly higher than the 
amount of vitamin D found in standard pre-natal or multivitamins which typically provide 400 to 
600 IU per dose. 

2.8. Recommended Supplementation 

Being aware of the risk factors associated with the development of vitamin D deficiency will 
help guide clinicians to both assess for and intervene with supplementation as needed. 

• Infants who are exclusively breast fed or ingest less than 1000 mL of infant formula a day 
• Children living north or south of the 33° latitudes or in urban/polluted environments 
• Those that are obese, deeply pigmented or, for cultural reasons, cover their skin with clothing 
• Those with disorders of digestion or who are on medications that prevents absorption of 

vitamin D 
• Children who are institutionalized, hospitalized, or attend schools that limit outside play 

One can choose to measure 25(OH)D levels to document vitamin D deficiency, but with the 
widespread findings of insufficiency and deficiency in most cultures, it is relatively safe to start 
vitamin D supplementation without this information. 

Supplementing with natural sunlight 15 to 30 min a day during the hours of 10 AM to 3 PM is 
optimal for prevention and treatment of vitamin D deficiency; however, this may not be available 
to all those at risk. Vitamin D-3 (cholecalciferol) or vitamin D-2 (ergocalciferol) are both available 
for oral supplementation and both are transformed in the liver and kidneys to the active 
1,25(OH)2D. Research has found, however, that Vitamin D3 is approximately 87 percent more 
potent in raising and maintaining vitamin D concentrations and produces a 2- to 3-fold greater 
storage of vitamin D than does vitamin D2 [80].  

Supplementing 400 IU daily of Vitamin D3, as recommended by the American Academy of 
Pediatrics (AAP) and the IOM, or up to 800 IU as recommended by the Canadian Pediatric Society 
may provide sufficient vitamin D to prevent rickets, but higher doses may be needed to achieve 
other health benefits [81]. For every 100 IU intake of vitamin D3, serum levels increase by  
1 ng/mL when given over 3 to 4 months [82]. For a child who is deficient, a standard dose of 400 IU 
will not correct this problem. A study of breast fed infants found that only a dose of 1600 IU/day 
(and not 400, 800, or 1200 IU) could raise 25(OH)D to a level >28 ng/mL after 3 months [83]. It is 
recommended by experts in the field of vitamin D research that healthy children receive 
approximately 1000 IU per 11 Kg of body weight each day to achieve optimal 25(OH)D levels year 
round [84]. Having a baseline 25(OH)D level can help guide initial dosing with a follow- up level 
in 2 to 3 months to monitor efficacy. 

2.9. Potential Economic Impact 

Given the high incidence of vitamin D insufficiency/deficiency, convincing evidence for benefit, 
and the strong evidence of safety, vitamin D supplementation should be utilized more now than 
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ever. Interest groups and researchers have been advocating for education on vitamin D deficiency 
and for wide-spread vitamin D supplementation to reduce the burden of disease. Despite these 
efforts, vitamin D deficiency and its sequellae persist [85].  

Grant et al. assessed the economic burden and premature death related to vitamin D deficiency 
in North America and estimated what would change if 25(OH)D levels were optimized in all 
individuals. They used data from studies that demonstrated significant vitamin D effects on disease 
incidence or mortality rates. From these studies, they estimated that all-cancer incidence rates 
would decrease approximately 25%, influenza and pneumonia rates would decrease approximately 
30%, septicemia would decrease 25%, multiple sclerosis by 40%, and negative pregnancy 
outcomes (including asthma, infections, bone disorders, heart failure, and autism in the offspring) 
would be reduced by 10% [86]. In assessing the overall cost savings in Canada alone, they 
estimated the death rate would fall by 16% and that the total economic burden would decrease by 
6.9% or approximately $14.4 billion per year. 

Estimated annual costs of various diseases influenced by vitamin D in the United States are  
listed below (Table 3). 

Table 3. Estimated annual costs of common disorders that potentially could be 
attenuated by adequate Vitamin D levels. 

Disease Direct (in US Dollars) Indirect (in US Dollars) Total Annual Expense (US) 
Influenza 10.4 billion 16.3 billion 26.7 billion [87] 
Asthma 50.1 billion 5.9 billion 56 billion [88] 
Upper respiratory infections 17 billion 23.5 billion 40 billion [89] 
Autism __ __ 126 billion [90] 
Cancer 86.6 billion 130 billion 216.6 billion [91] 

If one used the same data from Grant’s study, the saving of life and money could be even greater 
in the United States which has almost 10 times the population of Canada. With a current population 
near 320 million, supplementing each person in the US with 3000 IU per day of vitamin D3 to 
achieve optimal 25(OH)D levels would cost approximately $3 billion per year (based on current 
retail costs found on the Internet of approximately $10 per year). This relatively low cost 
intervention could potentially save $84 billion dollars in total health care costs just for these 
diseases alone. 

3. Conclusions 

Beyond the skeletal effects it pro-offers, there is more evidence now supporting the beneficial 
benefits vitamin D has on immune health, mental health, and overall life expectancy. For the sake 
of public health, instituting a proactive program, much like the current immunization programs, 
using vitamin D supplementation could have dramatic impact on overall health worldwide by 
reducing the physical, emotional, and economic burden of disease. 
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Pediatric Integrative Medicine Approaches to  
Attention Deficit Hyperactivity Disorder (ADHD) 

Anna Esparham, Randall G. Evans, Leigh E. Wagner and Jeanne A. Drisko 

Abstract: Attention deficit hyperactivity disorder (ADHD) is the most common neuropsychiatric 
disorder in children and is increasing in prevalence. There has also been a related increase in 
prescribing stimulant medication despite some controversy whether ADHD medication makes a 
lasting difference in school performance or achievement. Families who are apprehensive about side 
effects and with concerns for efficacy of medication pursue integrative medicine as an alternative 
or adjunct to pharmacologic and cognitive behavioral treatment approaches. Integrative medicine 
incorporates evidence-based medicine, both conventional and complementary and alternative 
therapies, to deliver personalized care to the patient, emphasizing diet, nutrients, gut health, and 
environmental influences as a means to decrease symptoms associated with chronic disorders. 
Pediatric integrative medicine practitioners are increasing in number throughout the United States 
because of improvement in patient health outcomes. However, limited funding and poor research 
design interfere with generalizable treatment approaches utilizing integrative medicine. The use of 
research designs originally intended for drugs and procedures are not suitable for many integrative 
medicine approaches. This article serves to highlight integrative medicine approaches in use today 
for children with ADHD, including dietary therapies, nutritional supplements, environmental 
hygiene, and neurofeedback. 

Reprinted from Children. Cite as: Esparham, A.; Evans, R.G.; Wagner, L.E.; Drisko, J.A. Pediatric 
Integrative Medicine Approaches to Attention Deficit Hyperactivity Disorder (ADHD). Children 
2014, 1, 186-207. 

1. Introduction 

Attention deficit hyperactivity disorder (ADHD) is characterized as a psychiatric condition of 
heightened impulsivity, inattention, and hyperactivity [1]. ADHD is the most common 
neurodevelopment disorder in children, affecting approximately 11% of children between 4 and  
17 years of age in the United States. Increased public awareness and escalation of inciting risk 
factors has been accompanied by an increased rate of ADHD diagnosis, along with a rise in 
medication use [2]. The definitive etiopathogenesis of ADHD remains elusive due to its complex, 
multifactorial nature. ADHD has strong genetic and environmental influences [3]. However, the 
increased prevalence of ADHD is likely due to genetics but rather these environmental factors. 
Nutritional status, oxidative stress, neurotransmitter and endocrine dysregulation, neurological 
abnormalities in fronto-striatal and basal ganglia network, history of physical and emotional 
trauma, and environmental toxicity have all been implicated in ADHD [4–9]. In order to identify 
the most appropriate treatment, healthcare providers should identify these risk factors with a 
thorough evaluation of the child with ADHD. 
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It is crucial that children with ADHD are treated appropriately as they can develop significant 
psychosocial, educational, and neuropsychological impairment [10]. They are also at risk for not 
achieving their highest potential in education and employment as adults [11]. Behavioral therapy 
and medications are central to the management of ADHD, resulting in greater improvements in 
academic performance, reduction of behavioral problems, and higher parental satisfaction [12,13]. 
Limited access to mental health professionals interferes with the utility of psychosocial therapy. 
Only one-third of youths treated for ADHD received both psychosocial therapy and medications, 
and less than 10% received psychosocial interventions alone [14]. Children with ADHD also 
exhibit several comorbid disorders, resulting in decreased response to treatment. 

Medication for ADHD is associated with its own set of problems. Twenty to 35% of patients 
with ADHD do not respond to medication. In addition, medications have significant adverse effects 
with the most common side effects including delayed onset of sleep and decreased appetite both 
known to potentiate symptoms of ADHD. This results in discontinuation of medication as a result 
of side effects and the parents’ perception that the medication is ineffective; another factor in 
medication cessation is the cost burden for families [15,16]. Thus, families are seeking different 
approaches to treatment, including complementary and alternative therapies (CAM). 

The 2007 National Health Interview Survey discovered that approximately 12 percent of 
children in the United States have used or been given a CAM therapy [17]. More than 50% of 
Children with ADHD have been reported to use CAM therapies, but only 11% of parents discuss 
CAM therapies with their child’s physician [18]. As physicians are reluctant to incorporate CAM 
therapies because they question their scientific efficacy, there is continued need for research and 
education of these CAM therapies. There is a subset of pediatricians who utilize both conventional 
and CAM therapies, a field known as integrative medicine, in order to improve outcomes in 
children with ADHD. Integrative medicine incorporates evidence-based medicine, both conventional 
and complementary and alternative therapies, to deliver personalized care to the patient, 
emphasizing diet, nutrients, gut health, and environmental influences as a means to decrease 
symptoms associated with chronic disorders. Pediatric integrative medicine (PIM) is a fairly new 
subspecialty and is defined as a relationship-centered practice that utilizes the best evidence in 
therapeutic approaches to achieve optimal health for children [19]. This review is designed to 
educate healthcare professionals on a PIM approach to ADHD to help initiate discussions of CAM 
use with patients and families. 

2. Diet 

What children eat has a profound effect on their health. Although controversial, dietary therapies 
have been suggested to play a major role in ADHD and should be considered in the evaluation and 
management of children with ADHD [20–22]. Nutritional deficiencies from a “Western” diet, food 
insecurity, artificial food additives and dyes, and food sensitivities and allergies have been 
implicated in ADHD [23–28]. Most research related to dietary constituents has focused on 
restricted elimination diets (RED), sugar restriction, and artificial food color exclusion diets in the 
treatment of ADHD. A research review identified that dietary constituents can significantly worsen 
ADHD symptoms in 17 of 23 controlled studies [29]. As oxidative stress, or inflammation, is an 
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underlying risk factor in ADHD, modulation of systemic inflammation through nutrition may have 
potential in decreasing symptoms of youth with ADHD [30]. A Western diet that is high in  
omega-6 fatty acids, sodium, and sugar intake can induce inflammation, promoting upregulation of 
pro-inflammatory TH17 cells, cytokines, and IL-10 [31]. 

2.1. Restricted Elimination Diet (RED) 

Although adherence is difficult and time consuming, RED has been shown to benefit children  
with ADHD. The Impact of Nutrition in Children with ADHD (INCA) was a double-blind 
crossover research study that showed children ages 4–8 years old improve on the abbreviated 
Conners’ scale by 11.6 after being placed on a tailored RED for five weeks [26]. Furthermore, 63% 
of the children relapsed with ADHD symptoms after a food challenge. The INCA study found that 
IgG blood levels did not correlate with ADHD symptoms. This study was well designed with good 
methodology, large sample size, and correlation with IgG food antigen blood tests. In addition, the 
diets were specifically tailored to each participant, which helped improve adherence [26]. Due to 
the recurrence of ADHD symptoms after a five-week RED, more research trials need to investigate 
how long children with ADHD need to stay on a RED in order to prevent recurrence of symptoms 
during a food challenge. Some review articles evaluating RED to treat ADHD have discussed that 
the diet may only influence some aspects of ADHD, such as behavior, and that it should only be 
done in a select few and for a short period of time of 2–3 weeks [20]. However, antibodies have a 
half-life between 22–96 days and more improvement in symptoms may be seen with a three-month 
RED [32]. After approximately 3–6 months, those children who show improvements in behavior 
and a decrease in ADHD symptoms on RED should introduce one food at a time every one to two 
weeks until offending foods or food items are identified. 

2.2. Junk Food Diet 

PIM physicians begin with a whole foods, non-processed diet for children with ADHD [33]. 
Children with ADHD symptoms are at increased risk for becoming obese in adolescence and this is 
correlated with poor dietary choices and physical inactivity [34]. Children today are exposed to 
aggressive advertising for highly processed and sugary foods, influencing their eating behaviors [35]. 
A diet high in processed foods and sugar, otherwise known as “junk food,” has been studied in 
children with ADHD, though very little evidence has demonstrated associations. One study 
demonstrated a modest association between children who ate junk food and hyperactivity 
symptoms, but attenuated after adjustment for confounders [36]. In two separate research studies, 
sucrose was associated with an increase in motor activity and was shown to reduce attention in 
children with ADHD, but not in normal children [37,38]. There has been little evidence to support 
an association between sugar intake and behavioral problems [38,39]. These research studies have 
not found any association on sugar consumption and ADHD, but cannot rule out a small effect on 
subsets of children with ADHD [38,39]. In addition, these research studies used artificial 
sweeteners as the placebo group. This may confound the results because artificial sweeteners have 
been implicated in neuropsychiatric dysfunction [40,41]. These few research studies also evaluated 
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response to acute effects of sugar consumption, but did not evaluate chronic effects. Further 
research should evaluate not just sucrose consumption, but excess and chronic carbohydrate 
consumption and its effect on ADHD symptomology as providers report improvements in behavior 
with a whole foods diet. 

3. Gluten-Related Disorders 

Gluten-free diets have been implemented for children with neuropsychiatric disorders, including 
autism and ADHD [7]. Gluten-related disorders, such as celiac disease (CD) and gluten sensitivity, 
may be associated with ADHD. CD results in gluten-triggered autoimmune intestinal villi destruction 
in genetically susceptible individuals. Non-celiac gluten sensitivity (NCGS) is a condition in which 
gluten ingestion leads to morphological or symptomatic manifestations despite the absence of CD. 
NCGS and CD are triggered by the ingestion of gluten, or more specifically gliadin, the protein 
components of wheat, rye, and barley. Exposure results in a variable degree of intestinal damage 
that can induce intestinal permeability, resulting in extra-intestinal manifestations. These extra-
intestinal symptoms can masquerade as behavioral and psychiatric disorders. 

In the 1950s and 1960s, physicians first began reporting neurologic and psychotic symptoms in 
patients with CD [42]. There has been emerging evidence to show that individuals with gluten-related 
disorders, such as CD and NCGS, have neurologic, psychiatric and mood disorders [43–45].  
Gluten-free diets are becoming widely accepted in the United States [46]. Furthermore, avoiding 
gluten is common among non-CD children who exhibit nonspecific behavioral and gastrointestinal 
symptoms [47]. However, there are few research trials done specifically in regards to gluten and its 
association with ADHD. Dr. Helmut Neiderhofer, MD, PhD and Dr. Klaus Pittschieler, MD 
demonstrated an increased prevalence of CD in ADHD patients and also noted improved ADHD 
symptoms after implementation of gluten-free diet in children with CD [48,49]. Inattention has 
been found to be associated in children with CD compared to healthy children, though a conflicting 
study by Gungor et al. did not show any association between CD and ADHD [48,50, 51]. However, 
it still remains that gluten withdrawal in neuropsychiatric disorders results in improved mood, 
focus and attention, as well as a decrease in disruptive behaviors [52,53]. 

The mechanism of action behind gluten’s effect on neuropsychiatric symptoms is still 
inconclusive, but gastrointestinal immune dysregulation can lead to chronic pro-inflammatory 
immune dysregulation. This chronic inflammation may be one of the underlying links in the 
development of ADHD [7,30]. It is also hypothesized that gluten can induce gastrointestinal 
inflammation, thereby limiting absorption of nutrients and disrupting neurotransmitter  
metabolism [54]. 

Despite conflicting evidence of CD and its association with ADHD, clinicians should focus on a 
broad array of symptoms when evaluating children with ADHD, including both gastrointestinal and 
neuropsychiatric symptoms to rule out CD or NCGS as an exacerbating condition. Screening for 
and diagnosing CD and NCGS remains a challenge. A research trial assessed the usefulness of 
screening for CD when children presented with common CD symptoms (e.g., poor appetite, 
stomach ache, nausea, bloating, tiredness, hard stools, loose stools and lactose intolerance) [55]. 
The study results showed that screening children based on only these symptoms did not discriminate 
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between undiagnosed children with CD-associated symptoms and asymptomatic CD children. 
Determination of NCGS is difficult due to lack of consensus on specific biomarkers, as opposed to 
CD. Positive effects after gluten withdrawal and return of symptoms with gluten challenge are the 
main diagnostic criteria [56–58]. In most patients with CD and NCGS, the gastrointestinal and 
extra-intestinal symptoms will reverse on a gluten-free diet [59]. 

If the decision is made to choose a gluten-free diet, this should be implemented by a team of 
healthcare professionals, including a trained dietitian, as it is easy to replace wheat/gluten-
containing products with gluten-free products high in refined carbohydrates, but low in fiber and 
nutrients. And if a gluten-free diet is not a good fit, a whole foods diet rich in fresh unprocessed 
foods is ideal. Most patients with ADHD would benefit from a whole foods diet. 

4. Micronutrients 

The value of nutrition is increasingly becoming recognized as a means for achieving optimal 
health, as poor diet and nutritional intake are implicated in chronic disorders [60]. Most studies in 
ADHD and nutrients have focused on polyunsaturated fatty acids and a few minerals, including 
magnesium, zinc and iron. However, there are many more micronutrients than those that have  
been predominantly studied. Micronutrients are utilized as cofactors in enzymatic reactions and 
play a large role in metabolism, neurotransmission, cognitive function, immune function, and 
detoxification [61,62]. Instead of looking at only a few micronutrients, a comprehensive but 
focused nutrient panel may be done for those children who have failed conventional treatment 
approaches or for those families who are exploring other options besides medication. A 
comprehensive micronutrient panel may include vitamins, minerals, fatty acids, and amino acids, as 
the quality of our nutrient supply from food has declined [63]. 

4.1. Zinc 

Zinc is known to a play a role in neuropsychiatric disorders and is a micronutrient recognized as 
participating in metabolism relevant to neurotransmitters, hormones, nutrients, and immune  
function [64,65]. It also contributes to the structure and function of the brain, forming neural 
pathways affecting neurotransmission [66]. Zinc deficiency can thus have a significant impact on 
attention, motor activity, cognition, and behavior. Approximately 12%–66% of the world’s 
population is at risk of zinc deficiency, and is seen especially in children with ADHD who are 
vulnerable to poor zinc status [67,68]. Although a Cochrane review of 13 randomized trials did not 
demonstrate a positive effect of zinc supplementation on mental and motor development, there 
have been several review articles discussing positive improvements in ADHD symptoms with zinc 
supplementation [69–71]. There have been three positive randomized controlled studies on zinc 
supplementation versus placebo in children with ADHD. Bilici et al. demonstrated that zinc 
decreased motor activity and improved impulsivity, but did not increase attention [72]. 
Akhondzadeh’s et al. showed improvement in total ADHD scores with the addition of elemental 
zinc 13 mg/day to methylphenidate 1 mg/kg/day versus placebo and methylphenidate [73]. In a 
study by Arnold and colleagues, children on zinc supplementation were able to lower their dose of 
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amphetamine, though zinc did not improve inattention or other ADHD symptoms more than 
placebo [74]. There is encouraging support for zinc supplementation in a subset of children with 
ADHD, depending on symptoms and if used in combination with stimulants. 

4.2. Iron 

Iron status is commonly evaluated in children with neuropsychiatric disorders likely due to its 
role as a cofactor in monoaminergic neurotransmitter metabolism [75]. Research has suggested that 
iron status should be investigated in order to optimize treatment outcomes with stimulant 
medication [76]. With the prevalence of sleep disturbance in ADHD, Cortese and colleagues found 
that serum ferritin levels below 45 microg/L may provide evidence to supplement iron in those 
children with sleep disorder [77]. There are some significant and non-significant associations 
between serum ferritin levels and ADHD symptoms, but most of these studies focused on serum 
ferritin levels without other iron indices. As inflammation and oxidative stress have been 
implicated in the etiopathogenesis of ADHD, serum ferritin is an inflammatory marker when 
elevated, which may complicate its evaluation. In addition, excess inflammation and low levels of 
glutathione, the main body’s detoxifier and antioxidant, can result in iron dysregulation [78]. It 
may be worthwhile then to evaluate a complete blood count with differential and serum ferritin 
with iron panel to help guide management in children with ADHD, especially when associated with 
more complex symptoms, including sleep disturbance. 

4.3. Vitamin B6 

Insufficient Vitamin B6, also known as pyridoxine or pyridoxal-5-phosphate, affects metabolism 
of polyunsaturated fatty acids, hemoglobin synthesis, and neurotransmission [62]. It was later 
found that pyridoxine is a cofactor in neurotransmitter metabolism including serotonin, 
glutamate/GABA, and dopamine. Because pyridoxine has a positive effect on children with 
ADHD, it is recommended to supplement in order to regulate and normalize ADHD behaviors [79]. 
In fact, a pharmaceutical medication, metadoxine, is an ion-pair salt of pyridoxine that has shown 
to improve inattentive symptoms, but only studied in the adult population with ADHD [80]. By 
regulating neurotransmission, vitamin B6 may improve executive function and symptoms of 
ADHD. Vitamin B6 is generally safe without serious side effects and should be considered in the 
evaluation of children with ADHD. 

4.4. Magnesium 

Magnesium is the fourth most abundant mineral and is involved as a cofactor in over  
300 enzymatic reactions in the body, including fatty acid, glucose and energy metabolism [62]. 
Some of these metabolic processes play a vital role in neuronal function and neurotransmitter 
metabolism [81]. Some investigators have proposed magnesium supplementation is advantageous 
for ADHD symptoms [33,82–84]. Magnesium acts as a neuroprotectant from excessive excitatory 
neurotransmitters, such as glutamate [85]. Several studies have found low erythrocyte or RBC (red 
blood cell) magnesium in children with ADHD [68,82,84,86]. Although a systematic review of 
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magnesium therapy for treating ADHD did not show a significant improvement in symptoms, most 
of these studies had methodological limitations, including many that were not double-blind 
randomized controlled clinical trials, and magnesium was measured inappropriately [87]. Therefore, 
RBC magnesium, a sensitive biomarker for magnesium deficiency, should be incorporated into 
future clinical trials and may be important in the work-up for children with ADHD. Appropriate 
magnesium supplementation may be a useful adjunct for children on stimulant medication. 

4.5. Polyunsaturated Fatty Acids 

Polyunsaturated fatty acid (PUFAs) disturbance has also been implicated in ADHD, as they are 
necessary for nerve cell membrane fluidity and neuronal function to support neurotransmission. 
However, the typical American diet contains an imbalance of omega-6 to omega-3 PUFAs. An 
elevated Omega-6 to Omega-3 ratio is implicated in inflammation [88,89]. Omega-6 fatty acids 
derived from canola oil, corn oil, soybean oil, and other vegetable fats are inflammatory in nature 
as they metabolize downstream to arachidonic acid. Arachidonic acid subsequently produces 
inflammatory prostaglandins and leukotrienes. Gamma-linolenic acid, an n-6 fatty acid, is the 
exception to the rule which has been shown to be anti-inflammatory in nature [90]. Limiting 
restaurant and take-out food is also important in balancing PUFAs to reduce inflammatory omega-6 
fats because of the prevalence of use and the tendency to damage fats during high heat  
cooking conditions. 

Omega-3 fatty acids, found in flaxseeds, chia seeds, and fatty fish, metabolize downstream to  
anti-inflammatory prostaglandins and leukotrienes [89,91]. With the increased prevalence of 
farmed fish, there are less omega-3s produced than are found in their wild counterparts [92]. Dr. 
Susan Carlson, PhD and her team have found that DHA, an n-3 fatty acid, is essential in 
neurocognitive development of children. Her research suggests that DHA should be supplemented 
throughout the lifecycle due to its importance in neuropsychiatric disorders [93]. 

Practitioners, including dietitians, can help guide families of children with ADHD to increase 
balanced portions of healthy fats and decrease the inflammatory fats. As research has identified 
elevated inflammatory markers in children and adolescents with ADHD, maintaining a healthy  
omega-6 to omega-3 ratio with a diet containing healthy balances of PUFAs, saturated fats, and 
phospholipids may be a promising integrative medicine approach to treatment of ADHD [94]. 

However, some reports using placebo-controlled randomized controlled trials (RCTs) evaluating 
PUFAs efficacy in treating ADHD differ in conclusions [95–99]. Research studies using PUFAs 
for ADHD that did not reach statistical significance may likely be due to the different 
combinations, doses, and frequency of PUFA mixes (ALA/LA/EPA/DHA/GLA ratios), in addition 
to using a placebo with nutritional properties, such as olive oil and vitamin C [97–100]. The 
Cochrane review demonstrated that a subgroup of children with ADHD did show improvement 
with EPA, DHA, and a small amount of GLA [101]. A meta-analysis also demonstrated an effect 
size of 0.31 for omega-3 fatty acid supplements [95]. When compared to methylphenidate with an 
effect size of 0.78, Omega-3 fatty acids as a single supplement are approximately 40% as effective 
as methylphenidate [95,102]. Also, most of these studies did not evaluate phospholipids, such as 
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phosphatidylcholine, essential in neurodevelopment and has been shown to enhance the effect of 
omega-3 supplements [103]. 

In clinical practice, evaluation of fatty acids using a comprehensive serum fatty acid panel or  
RBC fatty acid panel to guide supplementation may be an effective strategy for optimizing 
treatment outcomes. Fatty acid synthesis and metabolism also involves several other micronutrients 
as cofactors for the desaturase and elongase enzymes and these may be evaluated by laboratory 
testing [62]. Individuals vary in need depending on dietary intake and metabolism of fatty acids. 
PUFAs and associated micronutrient supplementation should be tailored to the individual using 
guidelines as reports of adverse events exist in the research literature, such as over supplementation 
of omega-3 fatty acids may increase bleeding time [104]. However, following a healthcare 
practitioner’s advice on adding PUFAs and monounsaturated fats from fish, flax and chia seeds, 
nuts, avocado, extra virgin olive oil, and healthy saturated fats from coconut oil is likely 
advantageous to a child with ADHD. 

4.6. Carnitine 

Carnitine is a fatty acid transporter that transfers long chain fatty acids across mitochondrial 
membrane for beta-oxidation. Acetyl L-carnitine is an abundant short chain ester of carnitine, 
which has an effect on brain metabolism and neurotransmission, specifically the cholinergic and 
dopaminergic pathways [105,106]. Three placebo-controlled trials on carnitine supplementation in 
participants with ADHD from 2002 to current have been conducted [107–109]. However, only one 
of these small trials showed an improvement after supplementation with carnitine in attention and 
decrease in aggression in boys with ADHD [108]. Two studies did not demonstrate a significant 
benefit, but one study found that it did attenuate the side effects of irritability and headaches of 
methylphenidate [106,108]. However, these two studies did not distinguish between subtypes of 
ADHD and did not evaluate carnitine levels at baseline and post-treatment. It has to be considered 
that these children may not have any nutritional need for carnitine supplementation. Carnitine needs 
further evaluation in future research studies to adequately assess effects in children with ADHD. 

4.7. Vitamin D 

Vitamin D is now implicated in ADHD [110]. Vitamin D is essential for normal brain 
development and regulates both the innate and adaptive immune system enhancing neuroprotective 
mechanisms against inflammation [111,112]. A case-control study in Qatar of 1,331 children ages 
5–18 years old demonstrated a higher prevalence of vitamin D deficiency in the ADHD children 
compared to controls [110]. In 2001, a study done by Taylor et al. surveyed parents to compare 
symptoms of their child with ADHD when they were engaging in leisure activities in a windowless 
room versus in an outdoor setting where natural production of vitamin D will occur. The survey 
results demonstrated that the outdoor setting was more likely to be chosen by parents to reduce 
inattentive symptoms [113]. Sunlight and vitamin D may be considered a major participant in 
improving certain symptoms of ADHD and a decrease in outdoor activity with less sunlight 
exposure may have contributed to the higher prevalence of vitamin D deficiency in children with 
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ADHD. Supplementing children with vitamin D guided by lab results may be a safe and effective 
strategy to help improve symptoms. 

4.8. Iodine 

For women of childbearing age, iodine insufficiency is approximately 15% in the United States. 
Pregnant women in the United States are at slight risk of iodine insufficiency especially in the first 
trimester [114. Iodine deficiency can be measured by a low urine iodine of less than 100 microg/L [62] 
In women who are planning to become pregnant and are found to be deficient, supplemental iodine 
may needed to optimize iodine status to ensure healthy cognitive development of the fetus. In 
addition, psychomotor development and cognitive performance declines in children with iodine 
insufficiency and iodine status should regularly be evaluated in children with ADHD. A synthesis 
of the research on iodine deficiency and its relationship to other disease processes other than 
thyroid disorders has associated iodine deficiency with the occurrence of ADHD [115]. 

The recommended daily allowance of up to 150 micrograms/day is meant to prevent goiter or 
thyroid disease [115]. It should be considered that this is not the optimal dose for all individuals 
who have different metabolic needs and thyroid function. Serial urine iodine measurements should 
be done until iodine status normalization. More studies are needed to evaluate iodine status and 
replacement strategies in children with ADHD, as subnormal levels of iodine can have an impact 
on a child’s ability to focus and concentrate on school tasks. 

5. Gut Microbiome 

Humans have 100 trillion microbes residing in the gastrointestinal tract, some of which may be 
commensal, while others are pathologic [116]. Consumption of these healthy commensal microbes 
known as probiotics, have been shown to modulate brain activity [117]. Research has shown that 
there is a gut microbiome–mind–body continuum in which the enteric microbiota interact with the 
neuroendocrine system [118]. The gut microbiome essentially has its own nervous system, as it 
produces neuroendocrine hormones that transmit information across the microbiome [119]. There is 
increasing evidence that gut bacteria can modulate mood and behavior via the gut–brain axis [120]. 
Most of these studies have been done in germ-free animals who exhibited changes in mental status 
and behavior when exposed to pathogenic bacteria, probiotics, or antibiotics. The establishment of 
a healthy gut microbiome takes place early in development. Infants who were born via cesarean 
delivery had less microflora in their intestinal tract than those infants born by vaginal delivery [121]. 
This is consistent with Cesarean birth as a major risk factor of ADHD [122]. Additional evaluation 
of gut microbiome in ADHD children is therefore warranted. 

As part of the practice at University of Kansas Pediatric Integrative Medicine, evaluation of 
children with neurodevelopment and mood disorders includes stool analysis for intestinal dysbiosis. 
Medications, such as antibiotics, can disrupt the gut microbiome by reducing diversity and 
allowing overgrowth of some pathogenic microorganisms [123]. Gut microbiota, such as Candida, 
can invade the intestine as a pathogen and may lead to deterioration in ADHD symptoms [124]. A 
Western diet, even in a short-term period, can alter the gut microbiome, again demonstrating the 
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importance of diet and nutrition as a valuable therapy in ADHD [125]. The evidence surrounding 
the association with healthy gut microbiome and its relationship with psychiatric and behavioral 
disorders is increasing. This will present new opportunities for interventions with pre- and 
probiotics, as they are already in common use among families who use integrative therapies. 

6. Environmental Toxicity 

Industry produces over 83,000 chemicals greater than one million pounds per year with little 
information about the potential effects on neurodevelopment [126,127]. Approximately 1,000 of these 
chemicals can affect the nervous system, and at least 200 of these are known neurotoxins [128]. 
Children are highly susceptible to environmental chemicals, especially during preconception and as 
an infant through breast milk. Exposures to chemicals can alter epigenetic programming, leading to 
disruptions in neurodevelopment [129]. Recent research studies have now shown that transgenerational 
changes may even occur when grandparents of the child are exposed to environmental chemicals. 
Most testing has been done on animals, but these research studies still provide sufficient results to 
indicate toxic effects in human neurodevelopment [129]. Children also have a larger body surface 
area with higher respirations leaving them more susceptible to even low-dose chemical exposures 
through breathing, dermal contact, and food compared to adults. In a cohort of 607 children aged 
7–11 years, investigators found an association between low-level prenatal organochlorine exposure 
via cord blood and ADHD behaviors in childhood [130]. The risk of ADHD-like behaviors in these 
children increased by 26% to 92%, according to the level of organochlorine exposure [130]. 
Organochlorines, including polychlorinated biphenyls (PCBs), are environmentally persistent 
chemicals that cross the placenta and have been shown to alter neurodevelopment [131]. 
Organophosphates, widely used as pesticides, remain another important avenue for 
neurodevelopment toxicity in children [132]. Urinary metabolites of organophosphates were 
obtained from the National Health and Nutrition Examination Survey (NHANES) on 1,139 children. 
The analyses demonstrated that the children with higher levels of exposure to organophosphates 
were more likely to have a diagnosis of ADHD [132]. In children, fruits and vegetables may be the 
most important source of chronic pesticide exposure [133]. This was demonstrated in a study by 
comparing organic vs. conventional diets in children, attesting that organic diets have a protective 
effect against exposure to organophosphate pesticides [133]. Recommendations to avoid or wash 
thoroughly the “dirty dozen” conventional produce and eating more of the “Clean 15” may be a 
beneficial nutritional approach for children with ADHD [134,135]. 

In addition to obtaining a thorough diet history in patients with ADHD, environmental exposure 
history needs to be evaluated and addressed. Some families may have a history of using herbicides, 
insecticides, chemicals including cleaning supplies, and volatile organic compounds, such as air 
fresheners in their homes. Education is of utmost importance to keep chemical exposure at a 
minimum. In fact, healthy housing initiatives are gaining popularity among medical communities to 
help control and prevent chronic disease in children. Advising families to opt for more natural 
solutions, such as “green” cleaning products that do not contain toxic industrial chemicals and 
using sticky traps for pests may be healthier alternatives. Limiting plastic products, such as plastic 
water bottles and microwaveable plastic containers, may also protect against ADHD, as there are 
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positive associations between ADHD and bisphenol A (BPA) and phthalates commonly found in 
plastics [136]. 

Of the heavy metals, lead toxicity has been associated with ADHD and other neuropsychiatric 
disorders. It is well known that lead can cause cognitive impairment and attention  
dysregulation [137,138]. In a study of 236 children diagnosed with ADHD, low levels of lead 
exposure demonstrated an increased risk of ADHD [137]. In 2012, the Advisory Committee on 
Childhood Lead Poisoning Prevention of the Centers for Disease Control and Prevention (CDC) 
issued updated and stricter guidelines due to long-term effects on neurodevelopment of even  
low-level lead exposure [138]. Increasing the awareness of healthcare providers, families and the 
community to environmental chemical and heavy metal exposures is vital to the adjunctive 
management of these children with ADHD. 

7. Neurofeedback 

One of the most promising treatments in ADHD is neurofeedback, which is an EEG-based form 
of biofeedback. Neurofeedback is a safe, non-invasive therapy that restores the brain’s ability to 
function through altering brain wave patterns by operant conditioning [139]. The individual can 
achieve self-regulation by responding to feedback from real-time audio-visual information. 
Quantitative EEG studies suggest that children with ADHD exhibit slower brainwave patterns in 
brain regions, such as the prefrontal cortex, associated with attention and cognitive executive 
function which is consistent with single photon emission computed tomography (SPECT) and 
positron emission tomography (PET) studies where decreased metabolism in prefrontal regions is 
identified [140]. In 1976, Lubar and Shouse were the first to report positive changes in a 
hyperkinetic child after training the Sensorimotor EEG rhythm (SMR: 12–14 Hz) [141]. Lubar then 
went on to develop protocols that inhibited theta (slow waves) and rewarded beta (fast waves 
involved in focus and attention). The FDA announced in July 2013 the approval of diagnosing 
ADHD by measuring the theta/beta ratio which has been shown to be higher in children with 
ADHD than normal children [142]. However, excessive theta/beta ratio may only characterize a 
subgroup of ADHD, approximately 26% of pediatric ADHD patients, compared with 2.5% in 
healthy controls [143–145]. Some studies have concluded that responders to stimulant medications 
have an initial excess of slow wave (theta) activity. After treatment with stimulant medication, 
increased beta waves and reduced theta waves result [146]. Stimulant medications may work not 
only through regulating neurotransmission, but also by affecting brain waves. A quantitative EEG 
(i.e., brain map), utilized as initial baseline testing of brainwaves, should also be considered in 
future research studies as an evaluation tool for identifying responders and non-responders to 
ADHD medication [147]. Other identified EEG phenotypes of ADHD have also been reported 
including, excess beta, excess alpha, low alpha peak frequency and hypercoherence [143]. 

In 2004, Slow Cortical Potential (SCP) neurofeedback was found to improve ADHD  
symptoms [148]. SCP neurofeedback rewards changes in the polarity of the EEG and was initially 
used to treat epilepsy [149]. SCP neurofeedback enhances regulation of attention through slowly 
balancing cortical activation and inhibition. Children with ADHD have a significant reduction in 
the ability to regulate SCPs. In a RCT trial by Gevensleben and his colleagues, 102 children with 
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ADHD participated in neurofeedback and the control group participated in computerized attention 
skills training. The neurofeedback group completed one block of 18 theta/beta training sessions and 
one block of 18 SCP training sessions. At a six-month follow-up, reductions in inattention  
and hyperactivity/impulsivity were about 25%–35% in the neurofeedback group compared to  
10%–15% in the control group with a group effect of 4.72 for inattention and 3.45 for 
hyperactivity/impulsivity [150]. SCP neurofeedback is recognized as an efficacious treatment for 
ADHD, though future studies still need to identify a sham control and improve efforts to blind 
participants, parents, teachers, and technicians [151]. 

A recent RCT research study on 23 children with ADHD carried out 40 sessions of theta/beta 
training sessions or methylphenidate and compared the two therapies with a six-month follow-up. 
Although this study had a limitation of small sample size, and 8 out of 12 participants in the 
neurofeedback group started medication, neurofeedback training was comparable to methylphenidate 
in reducing ADHD primary symptoms and associated functional impairment. Academic 
performance significantly improved in the neurofeedback group compared to the group receiving 
methylphenidate [152]. 

Despite promising results among research studies and anecdotal evidence, neurofeedback 
treatment is not yet accepted as a standard therapy for children with ADHD. This is possibly due to 
limitations of scientific research in neurofeedback accompanied by the difficulty in conducting a 
well-designed randomized controlled trial. Sham neurofeedback groups are designed as control 
groups in neurofeedback research. However, attention by neurofeedback technicians may result in 
positive gains in the control group. Subjective treatment effects can threaten the validity of 
neurofeedback research and these include participants, parents, and teachers’ expectations of 
beneficial outcomes, provider training and experience, environmental stressors surrounding the 
participant, and participants’ engagement during training. In a research update by Loo and Makeig, 
although the evidence is growing for scientific quality of research in neurofeedback, more research 
is needed before neurofeedback can be recommended as a first-line, stand-alone treatment  
modality [143]. 

In addition, neurofeedback participants must be encouraged to strive toward mastering 
engagement and regulation [153]. Participants should be rewarded during neurofeedback therapy to 
further enhance operant conditioning learning. This raises a question about the feasibility of 
conducting double-blind placebo-controlled trials. Neurofeedback protocols should be guided 
based on the individual’s baseline qualitative EEG (QEEG), as one child with ADHD may have a 
different QEEG than another child with ADHD. Hence, protocols used in research may not be 
applicable to the individual and therefore, neurofeedback, may need to be considered a 
personalized therapy for improved clinical outcomes in ADHD. 

8. Future Research 

Some of the research related to integrative therapies for children with ADHD has shown mixed 
results. Of the integrative medicine approaches, the best evidence is for restricted elimination diets, 
neurofeedback, omega-3 fatty acid supplements, vitamin B6, and zinc. More rigorous and 
applicable research trials need to be funded in order to identify effective integrative therapies as 
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standard practice. Some researchers suspect the “placebo effect” is responsible for the 
improvement seen with some integrative therapies. On the other hand, the “placebo effect” can 
account for perceived improvement from medications and other conventional therapies. 

Unfortunately, research is limited in integrative medicine approaches to ADHD. This may be 
due to funding of and difficulty in designing randomized controlled trials (RCTs), considered the 
gold standard of evaluating treatment interventions. Evidence-based medicine was initially 
designed for drugs and procedures, but has been applied to nutrients and other integrative therapies. 
The high internal validity of RCTs can impede its external validity, meaning that it may not be 
generalizable to real-life situations, and applicability to the individual may be questionable. Hence, 
RCTs may not be the best tool to evaluate integrative therapies compared to other types of study 
designs, such as a pragmatic study design. For example, a single neurofeedback protocol for the 
general population may not be appropriate for the individual due to differences in brainwaves, 
genetics, diet, and environmental conditions. Pragmatic trials may be more efficacious in assessing 
integrative therapeutic approaches in real-life settings, compared to the controlled environments 
that do not take place outside of the research trial [154]. Evidence-based medicine was initially 
designed for drugs and procedures, but has been applied to nutrients. To effectively evaluate 
nutrients, research trials need to be redesigned to account for the difference between drugs and 
nutrients [155]. The best evidence, however, for an integrative intervention may be from outcome trials. 

9. Conclusions 

With adverse effects of and poor outcomes in long-term safety studies evaluating ADHD 
medications, more families are turning to integrative modalities to help decrease symptoms and 
improve quality of life in their children with ADHD. Integrative medicine may provide an 
alternative approach to treating ADHD, especially for those classified as non-responders. Because a 
significant percentage of the population with ADHD is classified as non-responsive, integrative 
medicine approaches to ADHD have gained popularity among families and practitioners. Because 
research is limited and outcomes show conflicting results, it is difficult for conventional 
practitioners to advise ADHD patients and their families when questions about integrative therapies 
arise. Partnering with an experienced pediatrician of integrative medicine may provide an outlet for 
treatment options and a trusted source for unanswered questions. Since the numbers of 
pediatricians of integrative medicine are growing, there is an expanding workforce that can provide 
guidance to conventional practitioners and families and help with design of future clinical trials in 
ADHD. Healthcare providers need to be aware of integrative modalities in use by families of 
children with ADHD in order to keep open communication when providing advice on possible 
benefits and/or limitations based on current research. This will help foster improved 
communication between families and patients with ADHD and their practitioners. 
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Integrative Therapies and Pediatric Inflammatory Bowel 
Disease: The Current Evidence 
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Abstract: Inflammatory bowel disease (IBD) primarily describes two distinct chronic conditions 
with unknown etiology, ulcerative colitis (UC) and Crohn’s disease (CD). UC is limited to the 
colon, while CD may involve any portion of the gastrointestinal tract from mouth to anus. These 
diseases exhibit a pattern of relapse and remission, and the disease processes are often painful and 
debilitating. Due to the chronic nature of IBD and the negative side effects of many of the 
conventional therapies, many patients and their families turn to complementary and alternative 
medicine (CAM) for symptom relief. This article focuses on the current available evidence behind 
CAM/integrative therapies for IBD. 
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1. Introduction 

Inflammatory bowel disease (IBD) primarily describes two distinct chronic conditions with 
unknown etiology, ulcerative colitis (UC) and Crohn’s disease (CD). UC is limited to the colon,  
while CD may involve any portion of the gastrointestinal tract from mouth to anus. These diseases 
exhibit a pattern of relapse and remission, and the disease processes are often painful and debilitating. 
The peak incidence of IBD is in patients between the ages of 15 and 25 years. Approximately 25% to 
30% of patients with CD and 20% of patients with UC present before the age of 20 years [1]. 
Unfortunately, children with IBD are generally more likely than adults to present with extensive 
intestinal involvement and have rapid clinical progression [2,3]. 

The pathogenesis of CD and UC are not well understood; however, a combination of genetics 
and environmental factors likely play a role in development of IBD. Genetic predisposition to IBD 
has been studied extensively. Multiple population studies have shown that relatives of patients with 
IBD have a significantly higher risk of developing the same condition when compared to the 
general population [4–6]. According to Nunes et al. “familial aggregation has been more frequently 
reported in CD than UC. In first degree relatives, the age-adjusted relative risk of developing the 
same type of IBD ranges from 2 to 8 for UC and from 5 to 10 in the case of CD [7–10]”. Twin 
studies have effectively demonstrated the genetic influence on the development of IBD. In a 
Swedish twin cohort study of 80 twins with IBD, the concordance rate for monozygotic twins was 
markedly higher in CD than UC (50% versus 19%) and continued to rise over time [11]. The 
greatest IBD concordance rates have been shown among monozygotic twins, ranging from 20% to 
50% in CD and from 14% to 19% in UC twins, whereas in dizygotic twins, concordance rates are as 
low as 0%–7% in CD and UC twins [12,13]. In an analysis of populations, the prevalence of IBD 
among the Jewish population is 2 to 4 times higher than in any other ethnic group, being greater in 
the Ashkenazi than in any other Jewish group [4,9].  
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Numerous theories are emerging on possible environmental factors in the development of IBD, 
including the use of NSAIDs, the hygiene hypothesis, and early exposure to antibiotics. Although it 
has not been studied extensively in children, the use of NSAIDs may play a role in the development 
of IBD. From the prospective cohort study, Nurses’ Health Study I, with data from more than  
75,000 women, frequent use of NSAIDs, but not aspirin, seemed to be associated with increased 
absolute incidence of CD and UC [14]. In those with IBD, NSAIDs have been shown to exacerbate 
UC and CD symptoms [15]. However, one study in adults concluded that psychological factors 
contribute to IBD symptom flares and that there was no support for differential rates of the use of 
NSAIDS, antibiotics or for the occurrence of non-enteric infections related to IBD flares [16].  
The hygiene hypothesis proposes that the increasing frequency of immunologic disorders can be 
attributed to decreased childhood exposure to pathogens and, particularly, enteric pathogens. A few 
studies have shown that exposure to farm animals early in life may be protective against IBD [17,18]. 
One study showed a strong protective effect of worm infestations for the occurrence of CD, but not 
UC [19]. A 2006 study showed that having pet cats before the age of five may be protective against 
CD [20]. There is emerging concern that early antibiotic use may also alter the immune system and 
result in autoimmune diseases and IBD. A study by Shaw et al. showed that of 36 children with IBD,  
21 children (58%) had one or more antibiotic dispensations in their first year of life compared with 
39% of controls. Crohn’s disease was diagnosed in 75% of the IBD cases, and those receiving one 
or more dispensations of antibiotics were at 2.9-times the odds of being an IBD case [21]. The 
development of IBD is multifactorial, andcontinuing research is needed to better understand the 
pathophysiology of CD and UC. A more complete understanding of the development of IBD may 
help create more effective treatments for IBD. 

2. Conventional Treatment 

Allopathic treatment of IBD generally includes corticosteroids to induce remission and  
5-aminosalicylic acid (5-ASA) agents, also known as mesalamines, as maintenance therapy. 
Alternative agents, such as 6-mercaptopurine and azathioprine, are used in more severe disease 
unresponsive to 5-ASA agents. In patients unresponsive to the above therapies, anti-tumor necrosis 
factor (TNF) monoclonal antibodies can be effective, but these drugs carry risk of malignancies 
and severe infections due to their effects on the immune system. Due to the chronic nature of IBD 
and the negative side effects of many of the conventional therapies, many patients and their 
families turn to complementary and alternative medicine (CAM) for symptom relief. The incidence 
of CAM use in pediatric IBD patients from a 2009 multicenter study was 50% [22]. Previous 
studies documented CAM use in pediatric IBD ranging from 40% to 72% [23,24]. A 2014 survey 
study of adolescent patients with IBD showed that during the preceding 12 months, 48% regularly 
used CAM, while 81% reported occasional CAM use [25]. Practitioners caring for pediatric IBD 
patients should be aware that their patients may be using alternative therapies. 
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3. Integrative Treatment  

The integrative treatment of IBD is highly individualized and addresses the “whole” person with  
a focus on improving quality of life. Integrative practitioners consider a wide array of factors when 
prescribing a course of treatment. Thorough evaluation of the underlying disorder is the initial step 
to creating a treatment plan. Assessment of the patient’s diet includes food intolerances and gut 
permeability, as well as consideration for optimal nutrition and potential nutritional deficiencies.  
Stool studies, which evaluate the gut flora, specifically the overgrowth of bacteria, are also vital in 
guiding treatment. Often, understanding which symptoms are most bothersome to the patient helps 
focus the treatment plan. Herbs and supplements are prescribed if expected to be beneficial and 
generally considered to be safe. As the field of integrative pediatrics is newly emerging, there are 
few large studies investigating the safety and efficacy of certain herbs or therapies for particular 
disease processes. Therefore, practitioners often balance risk and benefit and offer a trial of an herb 
or therapy that may benefit a patient. In the integrative model, all available interventions are 
utilized to create a successful plan of care with emphasis on empowering the patient. This article 
will focus on the current available evidence behind CAM/integrative therapies for IBD. 

4. Breastfeeding 

Many researchers have investigated the relationship of IBD with breastfeeding exposure.  
Early studies suggested that IBD patients were less likely to have been breastfed as infants. 
Koletzko et al. found that children with CD were more than three times less likely to have been 
breastfed than their unaffected siblings [26]; however, no association was found between 
breastfeeding history and the risk of developing UC in childhood [27]. A systematic review 
examining early-onset IBD (<16 years at diagnosis) concluded that breast milk may be protective, 
but the quality of existing data is generally poor [28]. 

5. Diet 

Diet and nutrition are important aspects of IBD management. As IBD involves the GI tract,  
patients often search for diets that will alleviate their symptoms. There is no evidence that 
inflammation of the intestines is directly related to particular foods. However, certain foods may 
worsen symptoms due to food allergy or food intolerance. Many IBD patients follow a normal diet, 
but avoid those foods that tend to exacerbate their symptoms. These elimination diets can be 
helpful, but patients should be cautioned against diets that are so restrictive that they result in 
nutritional deficiencies. Many IBD patients learn from trial and error which foods they tolerate well 
and which foods result in GI distress. As food intolerances are usually inconsistent among IBD 
patients, general dietary recommendations cannot be made for all IBD patients. 

Some patients with IBD avoid milk products, because they suffer from lactose intolerance or 
experience exacerbation of symptoms from milk products. Inadequate calcium intake is present in  
one-third of IBD patients [29]. Restricting milk products can have negative effects, as it may lead 
to calcium and vitamin D deficiency [30]. Lactase enzyme supplements can be recommended for 
better tolerance of milk products. 
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A common conventional diet option for IBD patients is the low-fiber with low-residue diet.  
This includes decreasing the intake of raw foods, like fruits, vegetables and nuts, that add bulk 
residue to stool. This diet may be helpful during flares and for patients with bowel strictures. 
Families often turn to other diets, like the Maker’s diet, the Specific Carbohydrate DietTM and the 
Colitis Five-Step formula. The Maker’s Diet, also known as the Bible diet, focuses on physical, 
mental, spiritual and emotional health. The diet recommendations include foods that are 
unprocessed, unrefined and untreated with pesticides or hormones. The Maker’s Diet may be 
beneficial for patients, but its efficacy has not been studied in children with IBD. The Specific 
Carbohydrate DietTM (SCD) is “based on the principle that specifically selected carbohydrates, 
requiring minimal digestive processes, are well absorbed and leave virtually none to be used for 
furthering microbial overgrowth in the intestine. As the microbial population decreases due to lack 
of food, its harmful byproducts also decrease, freeing the intestinal surface of injurious substances. 
No longer needing protection, the mucus-producing cells stop producing excessive mucus, and 
carbohydrate digestion is improved. Malabsorption is replaced by absorption” [31]. Evidence 
shows that the SCD is more effective in CD than in UC. A chart review by Suskind et al. suggests 
that the SCD and other low complex carbohydrate diets may be possible therapeutic options for 
pediatric Crohn’s disease [32]. A prospective pilot study of the SCD in children with Crohn’s 
disease showed clinical and mucosal improvements in children with CD using the SCD over 12 and 
52 weeks [33]. The Colitis Five-Step formula believes in the elimination of infection with a 
“natural pathogen killer.” If used with proper diet and physical activity, the formula can put the 
digestive system back in order. This diet has not been studied in pediatric IBD. The use of any 
special diet in children with IBD should be coordinated with a knowledgeable practitioner. 

Exclusive enteral nutrition (EEN) is the consumption of an elemental or polymeric formula,  
with the exclusion of all other nutrients, for a period of up to 12 weeks. EEN has become an 
established and reliable option for the treatment of pediatric IBD [34]. In CD, but not in UC, enteral 
feeding of defined formula diets as a primary therapy has been shown to induce the remission of 
active disease. There have been several randomized controlled trials comparing EEN to standard 
treatment. A study from the Netherlands of 77 Crohn’s disease pediatric patients investigated EEN 
as either hyperosmolar sip feeds or polymeric formula by a nasogastric tube. In patients completing 
a six-week course of EEN (n = 58), complete remission was achieved in 71%, partial remission in 
26% and no response was seen in 3%. The authors concluded that a six-week course of EEN is 
effective in newly diagnosed pediatric CD, with response rates that seem to be influenced by 
disease location and nutritional status, but not by type of formula [35]. A study by Knight et al. 
investigated the long-term benefits of EEN in 44 patients. Forty out of 44 patients (90%) responded to 
enteral nutrition, with a median time to remission of six weeks. Twenty five of these 40 (62%) 
relapsed, with a median duration of remission of 54.5 weeks (range 4–312). Fifteen (38%) had not 
relapsed. Twenty one of the 44 (47%) had not received steroids. In those who eventually required 
steroids, their use was postponed for a median 68 weeks (range 6–190). The authors concluded that 
EEN can postpone or prevent the need for steroids [36]. A review of five randomized clinical  
trials in 2000 concluded that “there is no difference in efficacy between enteral nutrition and 
corticosteroid therapy in the treatment of acute Crohn’s disease in children. Improved growth and 
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development, without the side effects of steroid therapy, make enteral nutrition a better choice for 
first-line therapy in children with active Crohn’s disease” [37]. A meta-analysis in 2007 also 
concluded that limited data suggest similar efficacy for EN and corticosteroids [38]. 

Vitamin supplementation can be beneficial for IBD patients. In general, a daily multivitamin 
may help improve overall nutritional status. Folic acid deficiency is common in patients taking 
sulfasalazines. Therefore, all patients on sulfasalazine should take daily folic acid supplementation. 
Many IBD patients are deficient in vitamin D due to corticosteroid use, malabsorption or lack of 
sun exposure. IBD patients are also commonly deficient in calcium, sometimes due to avoidance of 
dairy products. Vitamin D and calcium supplementation are often necessary in children with IBD 
to ensure optimal growth and healing. Patients with CD and ileal inflammation are often deficient 
in Vitamin B12 and require supplementation. 

6. Fish Oil (Polyunsaturated Fatty Acids) 

Because of their anti-inflammatory action, omega-3 polyunsaturated fatty acids (PUFAs) may be 
beneficial in IBD. Of note, the incidence rates of IBD are lower in countries with high fish 
consumption, like Japan [39]. One study showed that children with IBD have a high risk of  
omega-6 PUFA depletion, which is related to disease activity [40]. A study by Uchiyama et al. in 
2010 concluded that an n-3 PUFA food exchange table (N-3DP) significantly increased the 
erythrocyte membrane n-3/n-6 ratio in IBD patients, and this ratio was significantly higher in the 
remission group. This suggests that N-3DP alters the fatty acid composition of the cell membrane 
and influences clinical activity in IBD patients [41]. Although there is evidence that PUFAs can 
benefit IBD ex vivo and in animal models, a systematic review and meta-analyses by Turner et al. 
in 2011 concluded that there are insufficient data to recommend the use of omega-3 fatty acids for 
the maintenance of remission in CD and UC [42]. Furthermore, a systematic review in 2012 
concluded that there is insufficient evidence to recommend omega-3 PUFA in IBD [43]. 

7. Probiotics 

Probiotics have been studied extensively for inflammatory conditions, but there are few  
well-developed studies on probiotic use in pediatric IBD. A study by Shadnoush et al. investigated 
the anti-inflammatory effects of Bifidobacterium and Lactobacillus in the form of probiotic yogurt.  
All adult participants (210 IBD patients in remission and 95 healthy controls) were randomized to 
probiotic yogurt or plain yogurt. After eight weeks of oral yogurt ingestions, serum levels of IL-1 , 
TNF-  and CRP were significantly decreased in the probiotic yogurt group compared to their 
baseline values and intervention groups. The serum levels of IL-6 and IL-10 increased significantly 
after the intervention compared to baseline values and plain yogurt levels (all p-values < 0.05). The 
authors concluded that intestinal homeostasis is a balance between the pro- and anti-inflammatory 
responses of intestinal immunocytes and could be maintained by probiotics [44]. A small study of 
21 adult UC patients by Ishikawa et al. looked at Bifidobacteria-fermented milk (BFM) for UC and 
concluded that supplementation with the BFM product of 100 mL per day for one year was 
successful in maintaining remission and had possible preventive effects on the relapse of ulcerative 
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colitis [45]. Lactobacillus rhamnosus GG is a strain of L. rhamnosus isolated in 1983 from the 
intestinal tract of a healthy human which was patented by Sherwood Gorbach and Barry Goldin.  
A study by Zocco et al. investigated the efficacy of Lactobacillus GG in maintaining remission in  
187 patients with UC. The authors compared Lactobacillus GG alone, Lactobacillus GG in 
combination with mesalamine and mesalamine alone. Disease activity index, endoscopic and 
histological scores were determined at 0, 6 and 12 months and in the case of relapse. The study 
showed no difference in relapse rate at 6 (p = 0.44) and 12 months (p = 0.77) among the three 
treatment groups. Interestingly, treatment with Lactobacillus GG seemed to be more effective than 
standard treatment with mesalazine in prolonging the relapse-free time (p < 0.05). Lactobacillus 
GG was found to be effective and safe for maintaining remission in patients with UC, and it may 
represent a good therapeutic option for preventing relapse [46]. 

VSL#3 is a potent probiotic composed of eight strains of lactic acid bacteria including,  
S. thermophilus MB455, B. breve Y8, B. longum Y10 (recently reclassified as B. lactis), B. infantis 
Y1, L. acidophilus MB443, L. plantarum MB452, L. paracasei MB451 and L. bulgaricus MB453. 
VSL#3 is available in a single-strength capsule containing 112.5 billion bacteria, a double strength 
(DS) sachet containing 900 billion bacteria and a JUNIOR packet containing 225 billion bacteria. 
The dosing of VSL#3 in adults with active UC is 8–16 capsules daily or 1–2 DS sachets daily. For 
maintenance of remission, the dose is 4–8 capsules daily or one DS sachet. For a child less than 
two years of age, the dose of VSL#3 for active UC is 1–3 capsules per day and for maintenance is 
one capsule per day. For those unable to swallow the capsule whole, the capsule may be opened 
and sprinkled onto a soft food or beverage. In children ages 2–5 years, for active UC, the dose of 
VSL#3 is 2–3 capsules or one JUNIOR packet per day, and for maintenance, it is 1–2 capsules per 
day. In children ages 6–11 years of age, the dose of VSL#3 in active UC is 2–4 JUNIOR packets or 
4–8 capsules per day, and for maintenance, the dose is 1–2 JUNIOR packets or 2–4 capsules per 
day. For children ages 12–17 years, the dose of VSL#3 for active UC is 4–8 JUNIOR packets or 
one DS sachet per day, and for maintenance, it is 2–4 JUNIOR packets or 0.5–1 DS sachets per day. 
VSL#3 must be kept refrigerated to maintain its potency. VSL#3 is well tolerated. Mild abdominal 
bloating in the first few days of consuming VSL#3 is the most commonly reported side effect. One 
randomized, placebo-controlled trial in children showed the efficacy and safety of a highly 
concentrated mixture of VSL#3 in active UC and demonstrated its role in the maintenance of 
remission [47]. Similarly, a pilot study of VSL#3 in pediatric patients with mild to moderate UC 
showed a remission rate of 56% and a combined remission/response rate of 61% [48]. From a 
meta-analysis of randomized controlled trials (RCTs), administration of VSL#3 can help induce 
and maintain remission in UC and has been shown to maintain antibiotic-induced remission in 
relapsing pouchitis. The meta-analysis also concluded that other probiotics have not shown such 
benefit in UC nor in CD [49]. To date, the efficacy of any probiotic in the treatment of CD has not 
been clearly demonstrated [50,51]. 

8. Herbs 

A number of herbs are used by IBD sufferers; however, studies of the benefits and side effects 
of these herbs are limited. Patients use herbs because of their perceived efficacy, safety and often 
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low cost. Ginger (Zingiber officinale) is an herb that is native to Southeast Asia that has been used 
as a flavoring agent for more than 4,000 years. The root of the ginger plant is most useful for its  
anti-nausea and anti-bloating effects. Ginger can be consumed directly, as a tea or in capsule form. 
Caution should be taken in patients on heparin or Coumadin, as ginger may react adversely with 
these medications. Although ginger has not specifically been studied in pediatric IBD, children 
with GI symptoms, like nausea, can benefit from ginger [52]. Boswellia serrata, an Ayurvedic herb 
also known as Indian frankincense, is commonly used around the world for IBD. In adults, the 
Boswellia dosage is generally 300–400 mg three-times daily of an extract that contains 37.5% boswellic 
acids. In a German study of adults with IBD, 36% were taking Boswellia serrata extracts [53]. One 
study by Gupta et al. of 30 patients with chronic UC showed Boswellia to be similar to 
sulfasalazine in the UC remission rate. In the study, 14 of the 20 patients treated with Boswellia 
achieved remission, while four of the 10 patients treated with mesalamine achieved remission [54]. 
A study by Gerhardt et al. concluded that therapy with Boswellia serrata extract H15 is not inferior 
to mesalazine in CD [55]. The herb is well tolerated, but one study in 2011 by Holtmeier et al. did 
not find it to be superior to placebo for CD [56]. It should be noted that Boswellia can accelerate 
menstrual flow and may induce miscarriage in pregnant women. Other side effects include nausea, 
diarrhea and skin rashes. Boswellia may also decrease the anti-inflammatory effects of NSAIDs. 

Oral Aloe vera gel is also used worldwide for IBD, because of its anti-inflammatory properties.  
Aloe vera gel comes from the inner portion of the aloe plant and is a clear, jelly-like substance.  
Aloe vera latex is yellow in color and comes from inside the outer lining of the leaf. Aloe vera latex 
is a potent laxative and should generally be avoided in UC. In active UC, oral Aloe vera gel taken  
for four weeks has been shown to produce a clinical response more often than placebo. This was 
studied by Langmead et al. in a double-blind randomized trial of 44 patients with mild to moderate 
active UC in which 30 patients were given 100 mL of oral Aloe vera gel twice daily and 14 patients 
were given 100 mL of placebo twice daily [57]. Aloe vera gel is generally well tolerated. It should 
be noted that oral Aloe vera may lower blood glucose levels, and there have been a few case reports 
of acute hepatitis from oral Aloe vera [58–59]. Although the mechanism of action of Aloe vera is 
not well understood, there are potential benefits of the herb in IBD. 

Curcumin is the principal curcuminoid of the popular South Asian spice, turmeric, which is  
a member of the ginger family (Zingiberaceae). An open label pilot study in 10 adults with UC or 
CD documented improvement of symptoms with oral intake of 550 mg of curcumin three times a 
day [60]. Curcumin was shown by Hanai et al. to be effective for relapse prevention in adult 
patients with UC in a randomized, multicenter, double-blind, placebo-controlled trial [61]. A pilot 
pediatric study of curcumin in 11 patients showed good tolerability of the drug with only one 
documented side effect, gassiness, in two of the 11 patients. All participants in this pilot study 
received 500 mg of curcumin twice a day for three weeks, and with use of the forced-dose titration 
design, doses were increased up to 1 g twice a day at Week 3 for a total of three weeks and then 
titrated again to 2 g twice a day at Week 6 for three weeks. By using the Pediatric Crohn’s Disease 
Activity Index (PCDAI) and Pediatric Ulcerative Colitis Activity Index (PUCAI), which are 
validated measures of disease activity, scores were obtained at Weeks 3, 6 and 9. Three patients saw 
improvement in their PCDAI/PUCAI score with the use of curcumin [62]. Curcumin is well tolerated 
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and does not cause significant side effects. Reported side effects include stomach upset, nausea, 
dizziness and diarrhea. Curcumin may inhibit platelet aggregation and increase the risk of bleeding. 
Therefore, curcumin should be discontinued 1–2 weeks prior to any surgical procedure. 

Diet with nutraceutical therapy (DNT) is a specialized therapy that is being used among IBD 
patients. In an uncontrolled prospective case study of six adolescent patients with CD, all six 
patients went into remission with discontinuation of all pharmacological drugs within two months 
of starting DNT. The DNT included adequate caloric and protein intake for catch-up weight gain; 
elimination of dairy products, certain grains and carrageenan-containing foods; nutraceuticals 
consisting of fish peptides, bovine colostrum, Boswellia serrata, curcumin and a multivitamin 
daily; the probiotic, Lactobacillus GG, twice weekly; and recombinant human GH (rhGH) daily. 
Three patients remained in sustained remission for four to eight years [63]. The results of this study 
are impressive. Further research is warranted to evaluate the efficacy of DNT among IBD patients 
of all ages. 

Slippery elm, also known as Ulmus fulva, is a supplement made from the powdered bark of the 
slippery elm tree that is being used in IBD. Although it has not been studied in humans, an in vitro 
study by Langmead et al. showed that slippery elm has antioxidant effects. The study also showed 
that devil’s claw, Mexican yam, tormentil and wei tong ning, a traditional Chinese medicine, have 
antioxidant properties [64]. A study in adult patients of tormentil extract (TE) showed that it can be 
beneficial in UC, and the herb appears to be safe in doses up to 3,000 mg per day. Interestingly, an 
RCT of 40 children in Russia showed that TE can shorten the duration of rotavirus diarrhea and 
decrease the requirement for rehydration solutions in children. Although this study was performed 
in children without IBD, the effects of TE may be positive on children with IBD and warrants 
further study. In a systematic review of 21 RCTs in 2013, for UC, Aloe vera gel, Triticum aestivum 
(wheat grass juice), Andrographis paniculata extract (HMPL-004) and topical Xilei-san were 
superior to placebo in inducing remission, and curcumin was superior to placebo in maintaining 
remission. This study also concluded that in UC, Boswellia serrata gum resin and Plantago ovata 
seeds were as effective as mesalamine, whereas Oenothera biennis (evening primrose oil) had 
relapse rates similar to PUFAs. The authors of the systematic review concluded that in CD, 
Artemisia absinthium (wormwood) and Tripterygium wilfordii were superior to placebo in inducing 
remission and in preventing clinical recurrence of postoperative CD, respectively [65]. Blond 
psyllium, glutamine and wheatgrass are other herbs used by IBD patients. Unfortunately, there is 
no evidence in the pediatric literature to support their use in IBD. 

9. Helminthes 

It is hypothesized that a lack of exposure to helminthes in the modern era of improved hygiene 
and healthcare has contributed to the increase of certain autoimmune conditions, like IBD. 
Ruyssers et al. noted: “Although therapy with living helminthes appears to be effective in several 
immunological diseases, the disadvantages of a treatment based on living parasites are explicit.” [66]. 
An open trial in adults showed that administration of eggs from the porcine whipworm,  
Trichuris suis, to patients with CD and UC was both safe and resulted in improvement in clinical 
activity as measured by the Crohn’s Disease Activity Index, Simple Clinical Colitis Activity Index 
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(SCCAI) and the Inflammatory Bowel Disease Quality of Life Index (IBDQ) [67]. To my 
knowledge, helminth therapy in children with IBD has not been studied. 

10. Acupuncture 

There is a growing body of evidence for the use of acupuncture in adults and children for a 
variety of diseases. In the realm of IBD, more studies are needed. One prospective, randomized, 
controlled clinical trial by Joos et al. of 29 patients with mild to moderately active UC concluded 
that both traditional and sham acupuncture seem to offer an added benefit in patients with active 
UC [68]. A second group also led by Joos et al. studied acupuncture in 51 patients with CD via a 
randomized controlled trial and showed that apart from a marked placebo effect, traditional 
acupuncture offers an additional therapeutic benefit in patients with mild to moderately active  
CD [69]. In a systematic review and meta-analysis of 43 RCTs, Ji et al. concluded that acupuncture 
and moxibustion therapy demonstrate better efficacy than oral sulfasalazine in treating IBD. 
However, “given the limitations of this systematic review and the included literature, definitive 
conclusions regarding the exact efficacy of acupuncture and moxibustion treatment for IBD cannot 
be drawn. Extant RCTs still cannot provide sufficient evidence and multicenter, double-blind RCTs 
with large sample sizes are needed to provide higher-quality evidence.” [70]. Acupuncture may be 
beneficial for children with IBD to relieve symptoms, such as abdominal pain and nausea, but 
acupuncture in pediatric IBD has not been formally studied. 

11. Psychological Health and Relaxation 

Stress likely does not cause IBD, but stress can worsen symptoms of IBD for many patients.  
Using relaxation techniques, like meditation, reflexology, guided imagery and aromatherapy, may 
help IBD patients feel better. Pediatric patients may also find benefit from reading books and 
listening to music. A 2010 study examining the use of mind-body therapies in 67 adolescents 
reported that 62% used prayer, 40% used relaxation and 21% used imagery once/day to once/week 
for symptom management [71]. A Cochrane Database Review in 2012 concluded that 
psychological interventions, including psychotherapy, patient education and relaxation techniques, 
may be beneficial for adolescents with IBD, but the evidence is limited [72]. A study of 39 adults 
with IBD showed that those who went through a relaxation-training intervention with guided 
imagery showed statistically significant improvement in anxiety, mood, pain and stress compared 
to the control group [73]. An interesting study of female adolescents with IBD and their caregivers 
showed that a one-day intervention (disease-related coping skills, pain management, relaxation 
techniques, communication and limit setting for the parents) resulted in reduced physical symptoms 
and improved coping [74]. A study in the Netherlands of adolescents with IBD showed that a 
psychoeducational intervention can have a positive effect on coping (predictive control, p < 0.01), 
feelings of competence (global self-worth, p < 0.05, and physical appearance, p < 0.01) and  
health-related quality of life (body image, p < 0.05) [75]. 

Cognitive behavioral therapy has also been shown to improve global psychosocial functioning 
and to lessen depressive symptoms in youths with IBD [76]. A recent study by Almadani et al. has 
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shown that students with IBD do not adjust to college as well as healthy students. The study used 
the Short Inflammatory Bowel Disease Questionnaire (SIBDQ) and showed that students with 
active IBD reported feeling as if they were not doing well for the amount of work they were doing, 
and students with ulcerative colitis reported irregular class attendance. Almadani et al. concluded 
that “Strategies to increase disease control and provide social and emotional support during college 
could improve adjustment to college and academic performance, and increase patients’ potential.” [77]. 
Biofeedback has been shown to improve symptoms of dyssynergic defecation, which is defined as 
constipation, rectal urgency/incontinence, increased stooling or rectal pain in IBD patients in 
remission. In a study of 30 adults with dyssynergic defecation who completed biofeedback therapy, 
30% had a clinically significant improvement in quality of life as noted by the SIBDQ score and a 
reduction in healthcare utilization after a six-month period [78]. An interesting survey study of  
27 pediatric IBD patients and one of their parents (82% mothers) has shown that parents may be 
good proxies for quality-of-life ratings for their children, but parents often underreport their child’s 
health-related quality of life [79]. This suggests that parents should be encouraged to openly 
discuss their child’s symptoms regularly. Interventions, like counseling, support groups and other 
available therapies, can then be initiated if needed to help a child cope with the disease.  

Irritable bowel syndrome (IBS) is a disease process distinctly different from IBD. However, 
there may be overlap of symptoms in many patients. A study in 2002 by Simrén et al. investigated 
quality of life in IBD patients by focusing on 43 adult patients with UC and 40 with CD. All 
subjects had been in remission for at least one year according to laboratory parameters and clinical 
and endoscopical appearance. These patients completed four questionnaires evaluating GI 
symptoms, anxiety, depression and psychological general well-being. Thirty-three percent of UC 
patients and 57% of CD patients had IBS-like symptoms. The group with IBS-like symptoms (both 
UC and CD) had higher levels of anxiety and depression and more reduced well-being than those 
without. The authors concluded that “the prevalence of IBS-like symptoms in IBD patients in  
long-standing remission is two to three times higher than that in the normal population. 
Psychological factors seem to be of importance in this process. However, as a group, IBD patients 
in remission demonstrate psychological well-being comparable to that of the general population.” [80]. 
There are a variety of integrative treatments available for IBS, like herbs, yoga and acupuncture, 
but allopathic treatment options for IBS are limited. Tricyclic antidepressants (TCAs) are commonly 
used to treat IBS. A study by Iskandar et al. of 81 IBD patients with residual gastrointestinal (GI) 
symptoms and 77 IBS patients showed that TCA use led to moderate improvement of residual GI 
symptoms in IBD patients for whom escalation of IBD therapy was not planned. UC patients 
demonstrated higher therapeutic success than CD patients [81]. A systematic review of 12 studies 
investigating antidepressants in IBD concluded that although most studies showed some benefit, 
there is currently insufficient data to determine the efficacy of antidepressants in IBD [82]. For 
practitioners, considering the overlap between IBS and IBD may help guide integrative treatment 
of IBD patients. 
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12. Clinical Hypnotherapy 

According to Moser, “Gut-directed hypnotherapy (GHT) has been used successfully in 
functional gastrointestinal disorders. Few experimental studies and case reports have been 
published for IBD. GHT increases the health-related quality of life and reduces symptoms. 
Additionally, GHT seems to have an immune-modulating effect and is able to augment clinical 
remission in patients with quiescent ulcerative colitis” [83]. Well-controlled studies on clinical 
hypnotherapy in pediatric IBD are needed. 

13. Exercise 

Exercise can create a sense of well-being. However, exercise can pose challenges for patients 
with IBD as UC and CD often cause fatigue, abdominal pain, diarrhea and incontinence. All of 
these symptoms can create barriers to regular exercise. When patients are feeling well enough, they 
should be encouraged to engage in physical activity appropriate for age and physical fitness level.  
Low-impact activities, like walking, yoga and tai chi, are good options for most IBD patients.  
Limited evidence shows that mild to moderate exercise in adults with IBD can benefit the patient 
without adverse effects [84]. One study showed that lean body mass and physical activity were 
reduced in 39 children with IBD, whether they were in remission or in the active phase of their 
disease compared to 39 healthy age-matched controls [85]. As physical activity is necessary for 
optimal bone and muscle growth, engaging in exercise is important for pediatric IBD patients. 

14. Smoking 

Although it may seem simple, smoking has a complicated effect on IBD. Current smoking 
increases the risk of developing CD and worsens its course. On the other hand, smoking protects 
against UC, and in patients with UC, smoking improves its course. Smoking cessation may worsen 
CD, but improve UC. However, given the harmful long-term effects of smoking on the entire body,  
smoking cessation should be considered in all pediatric patients [86]. 

15. Conclusions 

CAM use in IBD is prevalent and needs to be monitored and researched. As there is potential for 
improved quality of life and decreased need for allopathic medications with CAM, children and 
adolescents with IBD will continue to search for treatments that help them with their physical 
disease and with their ability to cope with their disease. The evidence supporting CAM in 
pediatrics is small, but growing. General pediatric healthcare professionals and pediatric GI 
specialists should respond to this trend and address CAM use in their daily practice. This initiative 
will result in more effective counseling for their families and more integrated care for their patients. 
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Acupuncture for Pediatric Pain 
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Abstract: Chronic pain is a growing problem in children, with prevalence as high as 30.8%. 
Acupuncture has been found to be useful in many chronic pain conditions, and may be of clinical 
value in a multidisciplinary treatment program. The basic principles of acupuncture are reviewed, as 
well as studies exploring basic mechanisms of acupuncture and clinical efficacy. Conditions commonly 
treated in the pediatric pain clinic, including headache, abdominal pain, fibromyalgia, juvenile arthritis, 
complex regional pain syndrome, cancer pain, as well as perioperative pain studies are reviewed and 
discussed. Areas in need of further research are identified, and procedural aspects of acupuncture 
practice and safety studies are reviewed. Acupuncture can be an effective adjuvant in the care of 
pediatric patients with painful conditions, both in a chronic and an acute setting. Further studies, 
including randomized controlled trials, as well as trials of comparative effectiveness are needed. 

Reprinted from Children. Cite as: Ruckenstein, M. Acupuncture for Pediatric Pain. Children 2014, 
1, 134-148. 

1. Introduction 

Chronic pain is a growing problem in children with prevalence as high as 30.8% in some 
epidemiological studies [1]. The predominant types of pain include headache (60.8%), abdominal 
pain (43.3%), limb (33.6%), and back (30.2%), and pain symptoms have been found to be 
associated with many lifestyle restrictions including sleep problems, inability to pursue hobbies, 
school absences, and inability to meet with friends. Pediatric pain clinics offer many integrative 
and complementary services including biofeedback (33%), acupuncture (24%), massage (20%), 
gratitude journals (16%), yoga and tai chi (8%) [2]. In other studies of pediatric headache 
conducted in Italy and Germany, Complementary Alternative Medicine (CAM) therapies were 
utilized by 76% and 75.7% of patients respectively [3,4]. Thus, a thorough understanding of the 
basis and efficacy of these therapies is warranted to help our patients better navigate the extensive 
selection of therapies, as well as integrate them with conventional medical treatment strategies. 

2. Physiology of Chronic Pain 

The physiology of chronic pain has evolved from a direct stimulus response model to one of an 
integrated complex neural network response. Following tissue injury, there is an immediate release 
of local inflammatory mediators, including prostaglandins, histamine, bradykinin and other factors, 
which lead to a localized tissue response, consisting of localized swelling, pain, and edema. 
Furthermore, they sensitize the primary neurons such that a subsequent stimulus is perceived as 
even more painful. The development of chronic pain involves long term potentiation of peripheral 
nerves, molecular changes in the spinal cord and central nervous system, [5] as well as alteration in 
how various areas of the mid brain and limbic system, including structures such as insula, 
prefrontal cortex, anterior cingulate, thalamus, often termed the “pain matrix”, connect to one 
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another. These changes can be observed using functional MRI studies. Improvement in pain is 
often correlated with the return of normalized connectivity in these areas [6,7]. 

3. Acupuncture: Introduction, Mechanisms of Action, and Clinical Research 

3.1. Introduction 

Acupuncture has been practiced in China for at least 3000 years. The basic principles of 
acupuncture revolve around the concept of “Qi”, or energy of the body. When this energy is not 
flowing correctly, it is believed to lead to illness and disease. In the traditional setting acupuncture 
is frequently utilized as a preventative therapy or an intervention early in the course of illness. 

In the pediatric population, standard medical therapies for chronic pain conditions often carry a 
significant side effect profile. Side effects of frequently used pharmacological agents for chronic 
pain include sedation, dizziness, tolerance, nausea, constipation, as well as depression and suicidal 
ideation. As a result, many parents and children are especially interested in trying acupuncture and 
other CAM therapies due to their relatively low risk profile. 

3.2. Acupuncture Mechanisms of Action 

A challenging area of research has involved understanding the mechanisms of acupuncture 
action and how it relates to pain. Although much research has been performed in the last several 
decades and many basic scientific studies have outlined various physiologic pathways which are 
activated by acupuncture, a complete synthesis of the mechanism of action of acupuncture is still 
elusive [8]. Many areas of active research can be identified, and within each hundreds of studies are 
found, however we will mention three theories that are particularly noteworthy regarding the 
mechanisms of action of acupuncture: molecular mechanisms, physiologic changes found at 
acupuncture point locations, and central nervous system changes in brain connectivity. Principal 
among the molecular studies is the work of JS Han and colleagues, who over several decades 
explored how acupuncture stimulated the release of endogenous endorphins [9]. One of their most 
significant findings is that low frequency (2–10 Hz) electrical stimulation of acupuncture points 
leads to increased endorphin release, while high frequency stimulation (100 Hz) leads to increased 
dynorphin release. Other studies describe the local changes found at acupuncture points, including 
connective tissue changes, and changes in electrical resistance at acupoints. For example, Langevin 
identified changes in connective tissue that occur with the physical act of needle placement [10], 
while Anh et al. explored the changes in skin resistance at distal acupuncture points and found that 
changes in these responses correlated with clinical response in adolescent girls with pelvic pain [11]. 

A number of fMRI studies have shown changes in brain blood flow following acupuncture 
treatment, and normalization of activity in areas of the limbic system, as well as areas of the “pain 
matrix” [12–14]. An excellent review of acupuncture basic mechanisms was performed by  
Wang et al. [15]. 
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3.3. Challenges in Acupuncture Clinical Research 

In 1997, the NIH conducted a Consensus meeting, where it was determined that sufficient 
evidence was present to conclude that acupuncture is effective for a number of conditions including 
nausea and vomiting related to chemotherapy, adult postoperative pain and postoperative dental 
pain. Additional promising indications included tennis elbow, dysmenorrhea, stroke rehabilitation, 
and the treatment of addiction [16]. Since that time many additional studies have supported the use 
of acupuncture in a number of types of painful conditions [17,18]. 

Some studies, such as the back pain trial in Germany, showed an improvement in both the active 
and the sham acupuncture arms as compared to standard care, suggesting that some of the 
acupuncture effect may not depend on the specificity of the points utilized [19]. There is significant 
controversy in the acupuncture literature about how this matter should be interpreted, as the sham 
controls in many studies have shown clinical efficacy. One explanation is that since we do not 
know the exact mechanisms of pain relief of acupuncture, the sham controls, which involve active 
needle placement in alternate locations, are themselves having a therapeutic benefit. Secondly, the 
active acupuncture treatment that is performed as part of an RCT may have limitations, as it does 
not allow individualization of treatment, a necessary ingredient of acupuncture therapy. Thus the 
finding in many studies that active acupuncture and sham acupuncture appear to both be efficacious 
remains an interpretive challenge in current acupuncture research, and until this phenomenon is 
better understood and an appropriate, therapeutically inactive but believable sham treatment can be 
designed, there has been a call for different types of studies, such as comparative effectiveness 
trials, which compare the acupuncture therapy against standard therapies, to continue to inform 
clinical practice [20]. MacPherson et al., in a meta-analysis of published studies, determined that 
positive trials were associated with more needles and more frequent treatments, suggesting that 
dosing of acupuncture may also be important [21]. 

4. Pediatric Pain 

Acupuncture can be a useful adjuvant in the care of pediatric patients with painful conditions, 
both in the chronic and acute setting. In a study on the feasibility of acupuncture/hypnosis 
intervention, 33 children were offered acupuncture together with a hypnosis session while needles 
were in place. Treatments were highly acceptable (only 2 patients refused). Both parents and 
children reported decrease in pain (4.38 (p < 0.0001)), and improvement in function (2.62  
(p = 0.014)) [22]. Lin et al. investigated the efficacy of acupuncture for children and adolescents 
with chronic pain. Fifty-three patients between 2 and 18 years of age, with a variety of painful 
conditions underwent pain assessment before and after acupuncture treatment. The average 
duration of pain improvement was 3 days, suggesting that continued acupuncture was needed for 
longer term improvement [23]. 

Conditions commonly treated in pediatric pain, including headache, abdominal pain, 
fibromyalgia, juvenile arthritis, complex regional pain syndrome, cancer pain, as well as 
perioperative pain studies will be discussed. Due to the paucity of acupuncture research in the 
pediatric literature, adult studies will also be reviewed in each section, as they often serve as the 
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clinical basis for the development of treatment regimens. Lastly, areas in need of further research of 
acupuncture in children will be identified.  

4.1. Procedure Consent, Acceptance and Safety of Acupuncture 

4.1.1. The Procedure of Acupuncture 

Informed consent is obtained from the parents prior to initiation of acupuncture treatment. The 
type of acupuncture is explained to both the parent and child, along with possible complications, 
which may include bleeding, infection, or increased pain. More serious complications have 
occurred (see below) and may be related to needling technique or patient condition. A refusal of the 
parent or child to receive acupuncture should be a contraindication. Pediatric patients often require 
more gentle introduction to the needling process, to allow them to grow more accustomed to the 
idea, trust the practitioner, and observe for themselves that the needles usually do not cause 
excessive discomfort. Lin et al. showed that while 53% of children were initially apprehensive of 
acupuncture needles, following their first needle 64% felt it did not hurt, and furthermore would 
recommend it to someone else.. Acupuncture treatment will usually consist of a series of 
treatments, usually 6–10, to determine if acupuncture intervention is helpful for the patient’s 
condition. In a study by Kemper of adolescents receiving acupuncture for their pain, 67% reported 
the therapy as pleasant, and 70% reported that it had helped their pain [24]. Children were moderately 
receptive to acupuncture therapy for their chronic pain symptoms [25]. Parental experience with 
acupuncture, regardless of its perceived efficacy, appears to play in a role in parents’ consideration of 
acupuncture for their child [26]. Parental stress was found to decrease along with child discomfort 
following acupuncture therapy for the child [27].  

4.1.2. Acupuncture Safety 

In an excellent review of the safety of acupuncture in the pediatric population, Adams et al. 
screened a total of 9537 references, and identified 37 studies in the international literature that 
satisfied criteria for inclusion. Described complications included infection, and 1 case each of 
cardiac rupture, pneumothorax, and other effects, likely related to direct needle organ penetration. 
Additional mild adverse effects included pain, bruising, and worsening of symptoms. The study 
concluded that acupuncture is safe when performed by appropriately trained practitioners [28]. 
Yates et al. showed that non-invasive electrical stimulation at acupuncture points during a routine 
heel stick was well tolerated in healthy neonates [29]. 

4.1.3. Headache 

In the adult literature, several studies examine acupuncture as a prophylactic treatment.  
Allais et al. performed a randomized trial of 160 women migraine sufferers who received weekly 
acupuncture for 2 months, followed by monthly acupuncture for an additional 4 months. Decreased 
headache severity, as well as decreased medication usage, was statistically significant at all time 
points analyzed [30]. Diener et al. performed a large multicentre randomized study of 443 patients 
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randomized into three groups—verum acupuncture, sham acupuncture (termed New Western 
acupuncture by the researchers), and standard medical care. Following 10 weekly acupuncture 
treatments, headache frequency and severity was measured at 26 weeks after baseline. Although 
the results were statistically significant, the effect size may have been diminished by the long time 
lapse between last acupuncture treatment and pain assessment [31]. In another study of migraine 
sufferers, the study intervention was delivered in a standard clinical format, without randomization. 
Study results showed that acupuncture had a measurable clinical effect, which was greater than that 
seen in a randomized format [32]. Finally two large Cochrane Collaboration Reviews concluded 
that although it appeared that specific point selection was not as important as had previously 
thought, acupuncture should be considered as a treatment option for patients needing prophylactic 
treatment for migraine or tension headaches [33,34]. 

In the pediatric population, a randomized trial of 22 children with migraine showed in the true 
acupuncture group the migraine frequency decreased from 9.3 (±1.6) to 1.4 (±0.6), and intensity 
decreased from 8.7 (±0.4) to 7.8 (±0.6) following 10 weekly sessions [35]. Gottschling et al. used a 
non-invasive technique, laser acupuncture, in a randomized trial of 43 children with either migraine 
or tension type headache. The mean number of headaches per month decreased by 6.4 days in the 
treatment group, and by 1.0 day in the placebo group (p < 0.001). Secondary outcomes of headache 
severity were likewise decreased, and were statistically significant at all time points [36]. Further 
studies are needed exploring the use of acupuncture as a prophylactic agent in the pediatric 
population, as well as studies which combine the use of a low dose prophylactic medication together 
with acupuncture.  

4.1.4. Abdominal Pain 

Abdominal pain can be due to a multitude of diagnoses, and a full review of these is beyond the 
scope of this work. We will first review the available adult literature on the use of acupuncture in 
the management of pain related to irritable bowel syndrome (IBS), a functional disorder 
characterized by chronic or recurrent abdominal pain or discomfort which is associated with 
disturbed bowel function, and feelings of abdominal distention and bloating [37]. Chao et al. 
performed a meta-analysis of 6 randomized placebo controlled studies [38]. Although five of the 
studies did not show statistically significant improvement, the one positive study in the group was a 
relatively large study [39], and thus the overall meta-analysis provided support for the use of 
acupuncture. A Cochrane review of acupuncture for IBS showed no benefit from acupuncture as 
compared to credible sham controlled therapies, however a comparative effectiveness trial of 
acupuncture compared to two antispasmodics (pinaverium bromide and trimebutin maleate) 
showed acupuncture as more effective than these standard therapies for IBS [40]. In a pediatric trial 
on children with intermittent abdominal pain that compared hand acupuncture to no treatment, hand 
acupuncture was shown to be effective [41]. As the trial was not blinded, however, the results are 
difficult to interpret. Further studies are needed to delineate whether there is clinical benefit of 
acupuncture in this condition, the necessary dose or frequency and duration of acupuncture 
treatment required, as well as possible mechanisms of action. 
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4.1.5. Pediatric Fibromyalgia 

Pediatric fibromyalgia is a poorly understood condition that affects 1%–6% of populations 
studied, and includes symptoms of general fatigue, disordered sleep, severe myofascial pain, and 
abdominal dysregulation [42]. The mechanisms of fibromyalgia pain are not fully understood, but 
may include genetic, anatomic, metabolic and psychosocial factors [43]. Acupuncture was found to 
change cortical responses to painful stimuli in fibromyalgia patients, suggesting a complex 
inhibitory modulation may be active in the central nervous system in fibromyalgia patients [44]. 

In the adult population, acupuncture studies have demonstrated that acupuncture may be a 
significant adjunct in the care of fibromyalgia patients, and is superior to standard care alone [45]. 
It is noted however that sham acupuncture likewise appeared more effective than standard care, 
making it difficult to determine the specificity of the acupuncture needle placement in this study. 
Although acupuncture is routinely offered and utilized as a CAM therapy in pediatric pain clinics by 
patients with fibromyalgia, to date there have been no randomized controlled studies in the pediatric 
population [46]. Future acupuncture research in children with fibromyalgia should examine its 
benefits, comparative effectiveness, mechanism of action and necessary dose. 

4.1.6. Acupuncture for Juvenile Arthritis  

Children with juvenile idiopathic arthritis (JIA) and other rheumatological conditions utilize 
CAM therapies regularly, with frequencies between 34% and 92% [47]. Factors associated with 
CAM use include longer disease duration, presence of more than one illness, previous CAM use by 
parents themselves, and parents’ perception that medications are not helping [48,49]. In adults, 
Berman et al., in a landmark randomized controlled study of osteoarthritis, found that the true 
acupuncture group experienced a greater improvement in WOMAC function at 8 weeks than the 
sham acupuncture group [50]; however, a subsequent meta-analysis of nine studies showed  
short-term benefits compared to sham, and clinically relevant benefits relative to wait-list control [51]. 
Zanette et al. studied 40 adults on a stable medication regimen with uncontrolled rheumatoid 
arthritis in a randomized controlled study. There was significant improvement in patient and 
physician global assessment and in physician assessment of disease activity in the acupuncture 
group, however the primary outcome of 20% improvement in ACR criteria was not statistically 
significant [52]. There are no studies in the literature evaluating the effect of acupuncture on 
juvenile arthritis. Studies are needed to explore the efficacy of acupuncture in pediatric 
rheumatological conditions. 

4.1.7. Pelvic Pain 

Acupuncture has been shown to be effective in pain related to dysmenorrhea in multiple adult 
randomized clinical trials. Kiran et al. showed that acupuncture was as effective as NSAIDS in a 
small, randomized trial [53]. A Cochrane review concluded that acupuncture may be effective for 
dymenorrhea, however more studies were needed [54]. A study of acupressure in adolescents with 
dysmenorrhea showed a decrease in pain in the experimental group that was statistically significant 
(p < 0.002) compared to the sham acupressure group [55]. Sham acupressure also had some effect 
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of improved analgesia, however, thus a third control of standard care or other relatively inert 
control would have been beneficial and may have shown an even greater clinical significance. In a 
small randomized sham controlled pediatric study on pelvic pain due to endometriosis, Wayne et al. 
showed that participants experienced a 4.8 (SD 2.4) point reduction on a 11 point scale after 4 weeks, 
which differed significantly from the control group who experienced an average reduction of 1.4 
(SD2.1) (p = 0.004). Reduction in pain persisted 6 months after intervention; however, after  
4 weeks the differences were not clinically significant, suggesting continued acupuncture may be 
needed for a more prolonged therapeutic effect [56]. Further research is needed in pediatric patients 
with pelvic pain focusing on comparative effectiveness with standard treatments, dose efficacy and 
mechanism of action. 

4.1.8. Complex Regional Pain Syndrome 

Little information exists regarding the treatment of Complex Regional Pain Syndrome (CRPS) 
with acupuncture. Several case reports in adult military personnel showed benefits in shoulder and 
hand CRPS following scalp acupuncture [57]. An adult case study involving laser acupuncture and 
small subcutaneous needles also proved to be effective [58]. In children, one case study describes 
the use of electrical stimulation at acupuncture points, while another describes the use of 
acupuncture in three pediatric patients leading to clinical improvement [59,60]. Further studies in 
children with complex regional pain syndrome, including scalp acupuncture, electrical stimulation 
and other specific protocols are needed to delineate whether there is measurable and  
reproducible benefit. 

4.1.9. Acupuncture for Cancer Pain 

The management of cancer pain presents a complex challenge for the oncologist and the pain 
practitioner. Pain may be due to acute tissue invasion, inflammation, bone pain, neuropathic pain, 
or a combination of causes [61]. In addition, cancer patients suffer from other chemotherapeutic 
side effects including nausea and vomiting. CAM therapies are frequently utilized by this 
population. A prevalence study of CAM use in children and adolescents with cancer in Germany 
found that 29% of children and 36% of adolescents used CAM therapies. Reasons for using CAM 
included strengthening the immune system, reduction of therapy-related side effects, and desire to 
increase healing chances [62]. Acupuncture was used by 12% of children and 17% of adolescents. 
In a randomized trial of acupuncture to alleviate chemotherapy related nausea and vomiting due to 
highly emetogenic chemotherapy, the need for rescue anti-emetics was significantly lower in the 
acupuncture group than in the control group (p < 0.001) [63]. Episodes of vomiting were likewise 
lower in the treatment group (p = 0.01). Acupuncture was found to be safe in patients with 
thrombocytopenia due to chemotherapy [64].  

4.1.10. Acupuncture for Acute Pain 

Two studies have explored the use of acupuncture in the treatment of acute post-operative pain 
in pediatric patients. Wu et al. reported a case series of 20 pediatric patients, aged 7 months to 18 years, 
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who had undergone various surgeries [65]. Acupuncture was performed in the post-operative 
period. Pain scores declined immediately following acupuncture, as well as at 24 hours after 
acupuncture was performed. The acupuncture was well tolerated, and 85% of parents reported they 
would pay for acupuncture “out of pocket” if not covered by insurance. This study was not 
controlled, however. 

Lin et al. performed a randomized trial examining pain and delirium in pediatric patients 
following tympanostomy surgery [66]. Sixty children were randomized to acupuncture or sham 
acupuncture following induction of anesthesia. Statistical differences in pain scores were observed 
in post anesthesia care unit at each five minute time point. Median pain scores were between 2 and 
4 points lower than the sham acupuncture group. Postoperative agitation was also decreased, and 
showed statistical significance at all time points. Additional studies are needed to explore the 
magnitude of the clinical effect of various acupuncture treatments, duration of action, as well as 
post-operative opioid use and surgical recovery time. 

4.1.11. Acupuncture for Delirium, Agitation, Withdrawal and Emotional Conditions  

Several studies exist on the use of acupuncture on post-traumatic stress disorder. Hollifield et al. 
found that acupuncture was as effective as cognitive behavioral therapy, and Zhang et al. found 
that acupoint stimulation together with cognitive behavioral therapy was more effective than 
cognitive behavioral therapy alone [67,68]. To date, no studies have been identified examining the 
efficacy of acupuncture in children with post traumatic stress disorder. Several studies specifically 
address the effect of acupuncture interventions on withdrawal and agitation in children. Wang et al. 
found that acupressure reduced anxiety in children undergoing anesthesia [69]. Kundu et al. 
performed a retrospective review of pediatric patients who had postoperative agitation on a 
previous anesthetic, and received acupuncture with a subsequent anesthetic [70]. 10 patients (83%) 
did not exhibit symptoms of agitation, while 2 (17%) exhibited milder symptoms but were able to 
communicate their distress. In a study of neonates with Neonatal Abstinence Syndrome (NAS), the 
addition of auricular acupressure beads did not result in a different clinical course, though there 
was a suggestive trend toward less pharmacological support in the acupressure group [71]. 

4.1.12. Non-Invasive Transcutaneous Electrical Acupoint Stimulation (TEAS) 

As some pediatric patients, as well as some adults, may have a fear of needles, the use of 
transcutaneous electric acupoint stimulation (TEAS) may provide an alternative to conventional 
acupuncture treatments. The effectiveness of TENS may be mediated by alpha 2A adrenergic  
receptors [72]. A number of studies suggest that such stimulation may be clinically effective.  
Wang et al. showed that TEAS reduced intraoperative remifentanil consumption and alleviated 
post-operative side effects following sinusotomy [73]. TEAS was also applied by Kabalak for the 
management of postoperative vomiting following tonsillectomy in children in a randomized  
study [74]. In another randomized double blinded perioperative study, TEAS was applied at the 
start of surgery in patients undergoing pediatric cardiac surgery [75]. Duration of ventilation, and 
length of stay in ICU were significantly lower in the active treatment group. In addition, cardiac 
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troponin, a measure of damaged cardiac tissue, was significantly lower in the active treatment 
group. As TEAS is a non-invasive technique, it has significant promise as a potential treatment  
in children. 

4.1.13. Non-Invasive Laser Acupuncture 

Laser acupuncture may also be utilized in the clinic for management of pain and discomfort in 
the pediatric patient. In addition to the headache study as mentioned above by Gottschling et al., 
others have demonstrated clinical utility. Ferreira et al. described a case report of improved trismus 
as a sequelae of medulobastoma in a child [76]. Other non-invasive therapies offered in pediatric 
pain clinics include moxibustion, cupping and acupressure magnets [77]. 

4.2. Cost-Effectiveness of Acupuncture Therapy 

This is a relatively new area of research, however, an National Health Service (NHS) analysis of 
low back pain studied in 239 patients, with 159 randomized to acupuncture and 80 to usual care, 
found that the addition of acupuncture to standard care led to improved pain both immediately after 
the treatments as well as at 24 months. Though the cost of delivering acupuncture in addition to 
standard care was an increase of expenditure, this cost was more than balanced by a reduction in lost 
days of work, and decreased medical spending in other areas including hospitalization, general 
practitioner or other outpatient visits. This suggests an overall societal benefit to supporting the 
provision of acupuncture services [77]. Further research is needed examining the cost-effectiveness 
of acupuncture in children in relation to lost parental work days, cost of medications, and other 
therapeutic interventions. 

5. Conclusions 

Acupuncture techniques, both invasive and noninvasive, can be an important adjuvant in the 
care of the pediatric patient with chronic pain. Acupuncture should be performed by a trained 
professional, and should be incorporated in a multidisciplinary program of treatment, after 
appropriate workup has been performed. The evidence suggests that it is a safe and cost-effective 
treatment modality for pediatric pain. Further research is needed regarding the specific and  
non-specific effects of acupuncture, as well as mechanisms of action, dosing and frequency related 
to various painful conditions in pediatric patients. 
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Integrative Treatment of Reflux and Functional Dyspepsia  
in Children 

Ann Ming Yeh and Brenda Golianu 

Abstract: Gastroesophageal reflux disease (GERD) and functional dyspepsia (FD) are common 
problems in the pediatric population, with up to 7% of school-age children and up to 8% of 
adolescents suffering from epigastric pain, heartburn, and regurgitation. Reflux is defined as the 
passage of stomach contents into the esophagus, while GERD refers to reflux symptoms that are 
associated with symptoms or complications—such as pain, asthma, aspiration pneumonia, or chronic 
cough. FD, as defined by the Rome III classification, is a persistent upper abdominal pain or 
discomfort, not related to bowel movements, and without any organic cause, that is present for at 
least two months prior to diagnosis. Endoscopic examination is typically negative in FD, whereas 
patients with GERD may have evidence of esophagitis or gastritis either grossly or microscopically. 
Up to 70% of children with dyspepsia exhibit delayed gastric emptying. Treatment of GERD and 
FD requires an integrative approach that may include pharmacologic therapy, treating concurrent 
constipation, botanicals, mind body techniques, improving sleep hygiene, increasing physical 
activity, and traditional Chinese medicine and acupuncture. 

Reprinted from Children. Cite as: Yeh, A.M.; Golianu, B. Integrative Treatment of Reflux and 
Functional Dyspepsia in Children. Children 2014, 1, 119-133. 

1. Introduction 

Gastroesophageal reflux is the normal physiologic passage of gastric contents into the 
esophagus. When reflux and regurgitation cause symptoms and complications, it is defined as 
gastroesophageal reflux disease, or GERD. Symptoms of GERD include heartburn, epigastric pain, 
feeding difficulties, dysphagia, and aerodigestive symptoms such as asthma, chronic cough, or 
recurrent pneumonia. On upper endoscopy, GERD patients exhibit erosive esophagitis or gastritis. 
Functional dyspepsia (FD) is defined by the ROME III criteria as a persistent upper abdominal pain 
or discomfort that: (1) is not exclusively relieved by defecation or associated with the onset of a 
change in stool frequency or stool form; and (2) organic disease is unlikely to explain the 
symptoms. The pain or discomfort in the upper abdomen has to be present at least once per week 
for at least two months prior to diagnosis. Endoscopic examination is negative in FD both grossly 
and microscopically. Dyspepsia is reported in 5%–10% of otherwise healthy adolescents [1]. 

Treatment for GERD symptoms often includes an empiric trial of acid suppression. Histamine-2 
receptor antagonists and proton pump inhibitors are often effective in healing esophagitis and 
treating symptoms of reflux. However, acid suppressing medications have significant side effects 
or long-term risks that may limit their use. Pharmacologic therapies with acid suppression do not 
always effectively treat symptoms related to non-erosive reflux disease and reflux symptoms from 
non-acidic reflux. Therefore, treatment of GERD and FD suggests an integrative medicine approach. 
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Integrative medicine is a healing oriented medicine that takes account of the whole patient, 
including all elements of lifestyle and family health. It emphasizes the powerful triad of  
patient-family-practitioner, is informed by evidence, and makes use of all appropriate therapies. In 
patients with GERD and FD, an integrative medicine treatment plan may include botanicals,  
mind-body techniques, sleep hygiene, increasing physical activity, and acupuncture, in addition to 
pharmacologic therapies. This paper will illustrate the integrative medicine approach with a case 
study and review the current scientific evidence on integrative medicine treatments for GERD and 
FD in children and adolescents. 

2. Case Report 

An 11-year old girl presented to outpatient gastroenterology clinic with abdominal pain and 
chronic nausea for the past month. Her abdominal pain was daily, 3–4/10 in intensity, and in the 
epigastric area. She described the nausea as occurring almost every hour on a daily basis. She had 
one episode of non-bloody, non-bilious vomiting while at summer camp, but since then has had 
only chronic nausea. She reported several days of school absence in the last month. Her primary 
pediatrician initially started famotidine, which partially improved pain but not nausea. She had been 
constipated for several months, and strained often to stool. She denied diarrhea, fever, tenesmus, 
hematochezia, or pain on defecation. She reported no weight loss, normal PO intake and appetite. 
She recently restricted dairy, and although this change did not improve her pain, she described 
episodes where she felt particularly nauseated after eating ice cream. For breakfast, she usually ate 
toast pops or cereal with fruit. Lunch was the typical school hot lunch with could include pizza, 
spaghetti, chicken nuggets, or a sandwich. Dinner was often eaten at home, and parents reported a 
healthy home-cooked organic diet that included meat. 

Her past medical history was negative for surgeries, hospitalizations, or major infections. Her 
mother also has a history of constipation. She was in the 6th grade and with good grades, and had a 
sister in college. Parents both worked for a successful company they started together and endorsed 
increased work stress at home. She slept well from 9:30 pm to 6:30 am each night, was rested upon 
waking, but sometimes had trouble falling asleep. She described herself as a worrier and the 
caretaker of the family. Both mom and patient recognized that she could be sensitive, and she felt 
sad and worried when her parents were away. She described herself as easygoing with other kids in 
her class. Her main physical activity was during physical education class at school, and she did not 
exercise much otherwise.  

On physical exam, her height is the 25th percentile, weight was at the 8th percentile, and BMI 
was at the 10th percentile. Abdominal exam was notable for hard stool palpable in the right 
ascending colon, and mild epigastric tenderness. Her physical exam was otherwise benign. 
Infectious stool studies for salmonella, shigella, campylobacter, Escherichia coli, giardia, 
cryptosporidium, and ova and parasites were all negative. 

Her initial treatment plan included a trial of acid suppression with lansoprazole 30 mg a day for  
4 weeks. She was also started on Miralax at 8.5 g–17 g/day to titrate to soft mushy stools and to 
increase fiber and fluids in her diet. She was advised to continue diary restriction and add a calcium 
supplement of 1000 mg a day. In addition, a trial of 0.5 mg of melatonin at bedtime was suggested 
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to help with sleep latency. She was instructed to do moderate physical activity daily outside of PE 
class. Her nausea and epigastric pain did not improve with these initial measures, and she 
underwent upper endoscopy with biopsies. Endoscopy showed normal anatomy, mucosa and 
pathology and patient was subsequently given the diagnosis of functional dyspepsia. 

Lansoprazole was discontinued given her lack of improvement, and parents were introduced to 
integrative treatment modalities. She started acupuncture treatments every other week along with a 
trial of gut-directed clinical hypnosis. 

On traditional Chinese medicine (TCM) exam, her tongue exam revealed a tongue with a thin 
white coating that was dry appearing, scalloping at the lateral tongue edges and a puffy red and 
pink tip. Her pulse exam revealed a soft deep pulse at the third positions bilaterally, an empty pulse 
at the second position on the right, and wiry pulse at the second position on the left. This indicates 
potential TCM diagnosis of SP and KI Qi deficiency. Her acupuncture treatments consisted of 
Seirin J-type (0.16 × 30 mm) needles inserted at ST36 and LI4 points bilaterally. Alcohol prep was 
used on the skin prior to insertion of needles. Pointer Plus ear point finder was used to find reactive 
auricular acupuncture points and gold beads were placed at the ear points “esophagus”, “spleen”, 
and “liver” on one ear, alternating sides at the following visit. Body magnets were placed at SP9, 
SP6, PC6, TH5, and ST43 bilaterally. Patient was instructed to remove magnets and beads in  
3 days unless they fell off sooner. In addition, she was instructed to apply additional magnets on 
points PC6 and ST43 on an as needed basis at home. These acupuncture and acupressure points 
were chosen to treat constipation, to clear inflammation, and to tonify SP and KI Qi. Points PC6 
and ST43 in particular were chosen to treat nausea. At our institution, nausea and dyspepsia are 
commonly treated with the points listed above; a standard combination includes PC6 and ST43 
(nausea), LI 4 and ST 36 (if constipation plays a role), SP6 and SP9 (SP qi deficiency), and CV 10 
and 12 (dyspepsia). The choice of acupuncture versus acupressure and exact combination of points 
depends on patient tolerance and the patient’s overall constellation of symptoms. This patient 
specifically did not desire any abdominal points, and therefore CV10 and CV12 were avoided. 

Her gut-directed clinical hypnosis sessions were particularly helpful, and she was able to record 
the sessions on her tablet computer and use them as needed at home. During her hypnosis sessions 
with her trained therapist, she revealed that family discord and stress from her parents significantly 
worsened her symptoms. Parents received counseling from the therapist and tried to avoid stressful 
conversations in front of the patient. She was also started on ginger chews, ginger tea, and 
deglycyrrhizinated licorice on an as needed basis for nausea. Physical activity was encouraged, and 
she reported that walking after meals helped relieve postprandial fullness. 

After a course of acupuncture, hypnotherapy, and the above interventions, she felt significant 
improvement in symptoms, with minimal nausea, excellent weight gain, and no further school 
absences. When she did feel more nauseated, she would self-apply acupressure magnets or listen to 
pre-recorded clinical hypnosis sessions as needed. 
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3. Treatment of GERD and Dyspepsia 

3.1. Pharmacologic 

Medications for GERD include histamine-2 receptor antagonists, proton pump inhibitors, and 
mucosal surface barriers and gastric acid buffering agents. Prokinetics are less frequently used. 

First line medications include histamine-2 receptor antagonists (H2RA’s) such as ranitidine, 
cimetidine, famotidine, and nitazidine. The histamine-2 receptors are found on the acid producing 
parietal cells of the stomach mucosa, and blockage of these receptors partially decreases production 
of stomach acid, typically within 30 min of administration, with the effect lasting for 6 h [2]. 
Tachyphylaxis, or a tolerance to the medication and a decreased treatment response, occurs after 
several weeks and thereby may limit long-term use [3]. 

Proton pump inhibitors (PPI’s) such as omeprazole, esomeprazole, and lansoprazole are second 
line agents for increased acid suppression. These medications block acid secretion by inhibition of 
the sodium-potassium-ATPase pump. PPI’s are superior to H2RA’s in acid suppression and for 
erosive esophagitis. The efficacy of PPI’s also does not decrease with long-term use, as compared 
to H2RA’s. In older children and adolescents, a patient with classic GERD symptoms may warrant 
an empiric trial of acid suppression to determine if symptoms are related to acid reflux. In an older 
child or adolescent with symptoms suggestive of GERD, The North American Society of Pediatric 
Gastroenterology and Nutrition (NASPGAN) clinical guidelines recommend an empiric 4 week trial 
of a proton pump inhibitor (PPI) to determine if symptoms respond [4]. However, treatment 
response does not confirm a GERD diagnosis because it may reflect a spontaneous resolution of 
symptoms or a placebo. Upper endoscopy may be recommended to confirm diagnosis if patient 
does not respond to empiric acid blockade or if unable to wean off medication. 

The most common reported side effects of acid suppressing medications include constipation, 
headache, nausea, and diarrhea, which occur with an incidence of 2%–7% [4]. Gastric acid serves 
as a part of the body’s innate immune system. Reviews of the pediatric literature also raise 
concerns for an increased incidence of infections in patients exposed to acid suppression [5]. 
Previously healthy pediatric patients diagnosed with GERD and treated with either ranitidine or 
omeprazole had a higher incidence of pneumonia (12% vs. 2%, p < 0.05) and acute gastroenteritis 
(42% vs. 20% p = 0.001) during the 4 month follow up compared to healthy controls [6]. Adult 
studies also associate long-term PPI use with increased risk of nutrient malabsorption for calcium, 
iron, magnesium and vitamin B12. Because of decreased calcium or B12 absorption, an increased 
fall and fracture risk is also reported in the elderly population after long-term (>1 year) PPI  
use [7,8]. Furthermore, after PPI treatment in healthy volunteers for 8 weeks, PPI’s induced acid 
related withdrawal symptoms secondary to rebound acid hypersecretion [9]. Patients often report 
difficulty weaning off PPI’s secondary to rebound symptoms. 

There is little evidence to justify the treatment of GERD and dyspepsia with promotility agents such 
as cisapride, erythromycin and metoclopramide. Although effective at increasing gastric motility and 
decreasing reflux symptoms, cisapride, a serotonin receptor agonist, was withdrawn from the market in 
the United States due to complications with fatal arrhythmias, long QT syndrome, and sudden  
death. Erythromycin, an antibiotic, also has promotility effects when administered at low doses  
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(1–3 mg/kg) to stimulate gastric antral motility. However, the studies are limited to patients with 
delayed gastric emptying and dysmotility, and to date there is insufficient evidence for treating GERD 
and dyspepsia [4,10]. Metoclopromide is also a dopamine antagonist that has been shown to decrease 
reflux index and daily symptoms [11]. However, given the potential for extrapyramidal side effects, 
including irreversible tardive dyskinesia, the side effect profile of metoclopromide greatly limits its use 
in clinical practice [12,13]. 

Antacids buffer gastric acid contents, and decrease reflux symptoms and can aid in healing 
erosive esophagitis. However, formal studies using pH or impedance monitoring have not been 
performed in children. Mucosal surface protective agents with alginate or sucralfate also have 
limited evidence in pediatrics, though sucralfate may be as effective as cimetidine for healing erosive 
esophagitis. Long-term sucralfate use should be used with caution due to unknown risk of 
aluminum toxicity in children. 

3.2. Diet 

Patients with reflux often benefit from a diet that avoids specific food triggers. In particular, 
fatty foods, spicy foods, acidic foods, chocolate, and caffeine worsen reflux symptoms. Some 
patients with food sensitivities or an allergic component to their symptoms may benefit from an 
elimination diet. Elimination diets systematically remove and then reintroduce common allergic 
triggers such as dairy, wheat, egg, nuts, or fish to look for symptom improvement upon elimination 
and symptom worsening upon reintroduction. Prior to completely eliminating wheat, a celiac 
screen should be performed with a tissue transglutaminase IgA antibody, and a total IgA level. 

3.3. Other Motility Concerns: Constipation 

Constipation and fecal retention can worsen GERD and dyspepsia symptoms in all age groups, 
and constipation and reflux often co-exist. In a study of children aged 4–16 years old with 
functional constipation diagnosed by Rome III criteria, approximately 40% of these patients 
presented with pathologic acid reflux by 24 h esophageal pH monitoring [14]. Constipation can also 
significantly affect overall GI motility. Rectal distension impaired gastric slow waves in healthy 
volunteers [15]. An association with reflux symptoms and constipation may be particularly 
prominent in children with underlying neurologic problems, underlying motility problems, or in 
patients with dysmotility after infectious enteritis [16]. Therefore, treating concurrent constipation with 
diet or laxatives can improve reflux symptoms. 

3.4. Botanicals and Supplements 

Various botanicals have been studied in the treatment of GERD and functional dyspepsia. 
Although studies on herbal remedies are small and with varied results, certain botanicals such as 
Iberogast (STW-5), deglycyrrhizinated licorice, and ginger show good potential for treating reflux 
symptoms with few adverse effects. Patients with severe reflux should be cautioned against using 
non-enteric coated peppermint, as it has been shown to relax the lower esophageal sphincter and 
potentially worsen reflux symptoms [17]. 
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3.4.1. Iberogast 

Iberogast (STW-5—Medical Futures Inc., Richmond Hill, Ontario, Canada) is a commercial 
preparation of 9 herbal extracts including bitter candy tuft, lemon balm leaf, chamomile flower, 
caraway fruit, licorice root, angelica root, milk thistle fruit, peppermint leaf, and greater celandine 
herb. In vitro, it has been shown to protect against the development of ulcers with decreased acid 
production, increased mucin production, an increase in prostaglandin E2 release, and a decrease in 
leukotrienes [18]. Although the evidence is mixed, clinical studies suggest that it acts directly to 
increase gastric motility in healthy subjects by increasing the motility index of antral pressure  
waves [19], but not necessarily decrease the overall gastric emptying time [20]. A review of the  
12 clinical studies on Iberogast concluded that it is both safe and effective for treatment of functional 
dyspepsia and irritable bowel syndrome. The incidence of adverse drug reactions in this review was 
reported to be 0.04% and was mainly in the form of hypersensitivity reactions such as skin irritation, 
dyspnea, and pruritis [21]. The low incidence of adverse events and excellent safety profile is 
confirmed by the spontaneous reporting system in Germany and worldwide since the product was 
introduced approximately 50 years ago. Although no studies on efficacy exist in children, the 
preliminary adult studies and excellent safety profile are encouraging. 

3.4.2. Licorice 

Licorice root, the dried rhizome or extracts of glycyrrhiza glabra, has long been used in 
botanical medicine for treatment of gastric inflammation. The mechanism of action is thought to be due 
to inhibition of prostaglandin synthesis and lipoxygenase [22]. Glycyrrhizin has mineralocorticoid 
properties, and therefore the deglycyrrhizinated form of licorice is recommended for long-term or 
higher doses. Deglycyrrhizinated licorice (DGL) and licorice extracts without the glycyrrhizin do 
not have side effects of hyperkalemia, hypertension, and sodium retention [22]. In a small, 
randomized, double-blind, placebo controlled study of 50 adults with functional dyspepsia as 
diagnosed by Rome III criteria, subjects were randomized to placebo or a 75 mg extract of 
Glycyrrhiza glabra (GutGard®, Karnataka, India) for 30 days. Symptoms were assessed with a  
7-point Likert scale of dyspepsia symptom severity at day 0, 15, and 30. Compared to placebo, the 
licorice extract showed a significant decrease in total symptom scores (p < 0.05) and improvement 
in quality of life [23]. Although more evidence is needed, integrative medicine practitioners 
frequently use deglycyrrhizinated licorice to help wean off acid suppression. 

3.4.3. Ginger 

Ginger root, the rhizome of Zingiber officinale, has been used traditionally as a kitchen spice but 
also for treating reflux symptoms and dyspepsia. Adult studies have demonstrated efficacy of 
ginger to treat pregnancy-induced nausea and vomiting, postoperative nausea, and drug induced 
nausea and vomiting [24–28]. Ginger root has a prokinetic effect that may be mediated by 
cholinergic action and spasmogenic properties that have been demonstrated in mouse and guinea 
pig models [29,30]. In healthy volunteers, both Wu [31] and Micklefield [32] showed ginger root 
improved gastric emptying and gastroduodenal motility in both the fasting and fed state. The 
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recommended dose ranges from 1 g to 1.5 g of the dried herb per day, with administration typically 
30 min to 1 h before a meal. It is important to note the ginger rhizome extract is much more 
concentrated than the dried ginger root powder. When used in typical doses, most patients tolerate 
ginger well. Side effects are reported when doses exceed 5 g/day and include heartburn, abdominal 
discomfort and diarrhea. Ginger root has been shown to have an antiplatelet effect due to its ability 
to inhibit platelet thromboxane [33]. Therefore, it is relatively contraindicated in patients with a 
bleeding disorder, and should be discontinued prior to surgical procedures. 

In terms of safety in pediatrics, no trials to date have investigated ginger and safety in children; 
though the use of ginger in pregnant women is likely safe with no increased risk of congenital 
malformations or harm to the fetus. In children who are unable to swallow ginger root capsules, 
ginger candies, chews and teas are often more palatable. 

3.4.4. Peppermint 

Although there is some evidence that enteric coated peppermint oil may be effective in treating 
irritable bowel syndrome in adults and in children [34,35], caution should be used for peppermint 
oil in patients with reflux. Peppermint is known to have anti-spasmodic activity on smooth 
muscles, and may increase relaxation of the lower esophageal sphincter. This could exacerbate reflux 
symptoms, especially in patients with erosive esophagitis or hiatal hernia [17]. 

3.5. Sleep Hygiene and Melatonin 

Melatonin is a naturally occurring hormone produced by the pineal gland in the brain. It is 
produced with the onset of darkness and inhibited by exposure to light on the retina. It regulates the 
sleep-wake cycle and serves as a darkness signal but is not sedating. Melatonin levels are low in the 
daytime. Endogenous production rises at night and peaks between 11 pm and 3 am [36]. 

In addition to its effects on the sleep-wake cycle, emerging evidence suggests that melatonin 
also has a gastroprotective effect. Melatonin production by the enterochromaffin cells in the 
digestive mucosa exceeds pineal gland production after tryptophan stimulation [37,38]. Melatonin 
in the GI tract has been shown in vitro to regulate GI motility, modulate visceral sensation, and 
produce an anti-inflammatory response [39]. 

A study by Klupinska et al. [40] found that patients with GERD and recurrent peptic ulcer 
disease had decreased levels of nighttime peak melatonin compared to those with non-erosive 
reflux disease and functional dyspepsia, suggesting a protective effect of melatonin on the upper GI 
mucosa. A small randomized controlled trial of 27 adults with GERD found that 3 mg of melatonin 
alone at bedtime was effective in treating GERD symptoms over placebo [41]. Another small trial by 
Kandil et al. [41] randomized GERD patients into 4 treatment groups: placebo, 3 mg of immediate 
release melatonin, 20 mg of omeprazole, or melatonin plus omeprazole for 8 weeks. Although 
omeprazole alone was more effective at symptom improvement than melatonin alone, melatonin alone 
was more effective than placebo. Furthermore, the addition of melatonin to omeprazole provided a 
synergistic effect and increased the efficacy of omeprazole. Interestingly, patients in both melatonin 
groups had significantly higher LES sphincter pressures on manometry compared to both the 
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omeprazole only group and controls. Another head-to-head trial compared 20 mg of omeprazole to a 
supplement containing melatonin (6 mg), its precursor L-tryptophan (200 mg), B vitamins and folic 
acid for 40 days in 350 patients with GERD. 100% of patients in the supplement group had 
regression of symptoms, compared to 66% of the omeprazole group [42]. All studies reported no 
significant side effects or complications of melatonin supplementation. Although these adult studies 
are small and need further replication, they suggest a significant gastroprotective effect of both 
endogenous and exogenous melatonin. 

In children with delayed sleep phase disorder and prolonged sleep latency, short-term 
supplementation of melatonin at low doses in children is generally regarded as safe and well 
tolerated [43–45]. Side effects include early morning grogginess, somnolence, dizziness and 
headaches. Effective dosing in children ranges from 0.3 mg to 5 mg, and oftentimes doses of  
0.3 mg to 1 mg are sufficient to improve sleep latency. Further research is needed to investigate the 
role of melatonin and efficacy on the GI tract diseases in children. 

Sleep disruptions can significantly decrease normal melatonin production and thereby affect the 
gastroprotective effect on the mucosal lining. Poor sleep quality is associated with increased acid 
exposure, increased exacerbations of reflux the following day, and visceral hyperalgesia [46,47]. 
Working to improving the child’s sleep hygiene may help increase the physiologic production of 
melatonin and decrease visceral hypersensitivity. Important elements of a sleep history include 
sleep quality, sleep latency (time it takes to transition from full wakefulness to sleep), night 
waking, daytime drowsiness, and exposure to light at night. Improving a patient’s sleep hygiene 
includes eliminating use of electronics one hour prior to bedtime, earlier bedtime, and improving the 
overall quality of sleep. 

3.6. Acupuncture and Acupressure 

Acupuncture, a healing modality used in traditional Chinese medicine, uses fine needles inserted 
at defined acupuncture points to balance the body’s Qi, or life energy. In traditional Chinese 
medicine, a patient is evaluated for imbalances or blockages in the body’s Qi, and acupuncture is 
employed as part of a holistic treatment approach. Treatments may include Chinese herbs, massage, 
and movement-based therapies such as Tai Qi or QiGong. Specifically for reflux and dyspepsia, 
certain acupuncture points such as PC6 (neiguan), and ST36 (zusanli) have been effective in 
improving reflux symptoms, nausea, and vomiting. Research on these two points has also started to 
pinpoint the physiologic mechanism of action. 

PC6 (neiguan), on the pericardium meridian, is one of the most used and investigated 
acupuncture points for nausea, vomiting, and reflux. The point is located in the groove caudal to the 
flexor carpi radialis and cranial to the superficial digital flexor muscles. Acupuncture and electrical 
stimulation of PC6 has been shown to be as effective as antiemetics in adults with nausea and 
vomiting induced by chemotherapy, pregnancy, and postoperative settings [48–50]. In children, both 
auricular acupuncture and body acupuncture have improved postoperative and chemotherapy 
induced nausea and vomiting [51–54]. Furthermore, functional MRI studies have shown increased 
attenuation of the cerebrocerebellum after acupuncture on point PC6 over control points, 
suggesting modulation of cerebellar activities [55]. 
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ST36 (zusanli), on the stomach meridian, is located at the proximal one- fth of the craniolateral 
surface of the rear leg, distal to the head of the tibia in a depression between the muscles of the 
cranial tibia and the extensor digitalis longus. In healthy men, electrical acupuncture at ST36 
decreases basal acid output and gastric acid secretion, increases pancreatic polypeptide levels, and 
increases amplitude of gastric antral contractions [56]. 

Other acupuncture points that have been traditionally used for GERD and dyspepsia include the 
following points, especially if found to be tender to touch: ST43 (xiangu), CV12 (zhongwan), ST25 
(tianshu), SP4 (gongsun), LV3 (taicong), BL21 (weishu), and LI4 (hegu). The above points may 
also be used in combinations in a clinical treatment, as indicated by the presenting complaint and 
Chinese medical pattern diagnosis. However, these individual points have not been studied 
extensively in clinical studies, and further research is required to evaluate efficacy. 

There are no published clinical trials to date on acupuncture and acupressure in children with 
reflux or dyspepsia. However, the safety of acupuncture in children is well documented. One 
review of the literature cites a 1.55 risk of any adverse events occurring in 100 treatments of 
acupuncture [57]. Puncture redness is the most commonly reported side effect, followed by needle pain, 
and light-headedness. A serious adverse event is defined as an event that is life threatening or requires 
hospitalization. Studies have reported this risk to be as low as 0.05/10,000 treatments in the general 
population [57]. In addition to acupuncture, non-invasive forms of acupressure are available for 
pediatrics using laser acupuncture, topical magnets, and acupressure beads. These may be preferred 
by needle phobic children or in high-risk patients who may be immunosuppressed or at a risk for 
bleeding. They may also be used as adjunctive treatments following needle placement. 

3.7. Mind Body Therapy 

Psychosocial stressors may exacerbate symptoms in many children with GERD and FD. 
Compared with healthy controls, FD patients are more likely to exhibit psychological distress, 
somatization, anxiety and depression [58]. Adult patients with dyspepsia also have a higher 
reported incidence of childhood emotional abuse [59]. It is therefore important to address the  
mind-body-gut connection when treating a patient with GERD or FD. Patients with significant 
anxiety and depression may benefit from psychiatric evaluation or counseling. All children with 
increased psychosocial stressors and mild anxiety can benefit from mind-body therapies and 
relaxation techniques. Types of mind-body therapy include mindfulness meditation, guided 
imagery, biofeedback, clinical hypnosis, and yoga. Treatment can be tailored to the interest and 
motivation of the individual patient. 

Gut directed hypnotherapy is a form of clinical hypnosis that is based on muscular and mental 
relaxation. General hypnotic suggestions are used to either focus on the symptoms or to distract 
from them. A Cochrane review in 2007 found hypnotherapy to be effective for irritable bowel 
syndrome in adults [60]. Hypnotherapy was effective in providing long-term symptom 
improvement and decreased medication use and consultation [61]. A small study of gut-directed 
hypnotherapy was found to shorten gastric emptying both in dyspeptic and in healthy subjects as 
measured by ultrasonography [62]. In children with functional abdominal pain or irritable bowel 
syndrome, three randomized control trials have been published to date. Van Tilburg et al. [63] 
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established that a home-based audio of guided imagery recordings using hypnotherapy techniques 
was more effective than standard care to improve pain symptoms in children with functional 
abdominal pain (63% vs. 27%). Studies by Weydert [64] and Vlieger [65] also demonstrated that gut 
directed hypnosis by a trained therapist was superior to standard care in pediatric patients with 
irritable bowel syndrome. Although all three of the above studies had small sample sizes (ranging 
from 22 to 52 patients), the efficacy results and excellent safety profile suggest that it is a likely 
beneficial treatment modality [66]. 

3.8. Obesity and Weight Loss 

Obesity may predispose a patient to increased intragastric pressure, more frequent transient 
lower esophageal sphincter relaxations, and increased esophageal acid exposure. Although data is 
scarce in the pediatric population, adult studies have shown obesity to be correlated with increased 
incidence of GERD, Barrett’s esophagus, and esophageal adenocarcinoma [67,68]. Jacobson’s 
study of women with GERD symptoms showed that even moderate weight gain in person of 
normal weight caused or exacerbated reflux symptoms. A large prospective population-based 
cohort study further indicates that weight loss in patients with GER symptoms was dose-dependently 
associated with a symptom reduction. Weight loss was also associated with increased treatment 
success with antireflux medication [69]. Recommending weight loss or weight maintenance in 
obese and overweight children, and encouraging moderate physical activity in all children with 
GERD and FD should be an integral component to the treatment plan. 

4. Conclusions 

As illustrated by the case report and review of literature, patients with GERD and FD can 
benefit significantly from an integrative treatment approach. Pharmacologic medications such as 
H2-blockers and PPI's are effective at treating symptoms. However, side effects, long-term risks, 
and difficulty with discontinuation can limit their use. Botanicals such as Iberogast, DGL, and 
ginger can often provide adjunct symptomatic relief with a good safety profile. Emerging evidence 
suggests good sleep hygiene and melatonin secretion may play an important gastroprotective role in 
the GI tract. Furthermore, working with mind-body therapies and acupuncture may improve GERD 
symptoms, motility, and help with stress reduction. We encourage all pediatricians and pediatric 
gastroenterologists to consider an integrative and holistic approach when treating a patient with 
gastroesophageal reflux and functional dyspepsia. 
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Clinical Hypnosis with Children and Adolescents—What?  
Why? How?: Origins, Applications, and Efficacy 

Daniel P. Kohen and Pamela Kaiser 

Abstract: This review article addresses the process, intention, and therapeutic value of clinical 
hypnosis with children and adolescents. A brief historical perspective is followed by a digest of the 
published laboratory and clinical research that has accelerated substantially over the past two 
decades. This review lends appropriate credence to the benefits and integration to clinical practice 
of this powerful tool for teaching young people self-regulation skills. The breadth of application is 
described, and several clinical vignettes are provided as examples of what is possible. In addition to 
the provision of the most relevant citations in the pediatric, psychological, and neuroscience 
literature, this synopsis concludes with information regarding availability of skill development 
training in pediatric clinical hypnosis. 

Reprinted from Children. Cite as: Kohen, D.P.; Kaiser, P. Clinical Hypnosis with Children and 
Adolescents—What?Why? How?: Origins, Applications, and Efficacy. Children 2014, 1, 74-98. 

1. Introduction 

The review that follows is designed to be a panoramic snapshot of the current state of the art, 
science, and clinical practice of child hypnosis and hypnotherapy. While substantial reference 
resource material is provided and clinical examples described, this is nonetheless a synopsis, and 
readers are advised and strongly encouraged to consult the resources and to avail themselves of 
“hands-on” skill-development workshop training to develop skills necessary to begin helping 
children with clinical hypnosis. 

The field of pediatric hypnosis has blossomed in many ways and directions over time: 

• From a backdrop focus on societal and cultural beliefs and norms to a context of fostering 
respect for the child’s creativity, imagination, unique perceptions, and choices. 

• From the view of hypnosis as a ritual completed by an authority figure on the individual to 
an interactive, dynamic “dance-like” experience between two individuals, with the clinician 
sometimes “leading” and other times “pacing” while the child leads. 

• From the use, writings, and research by a select group of clinicians, i.e., physicians and 
psychologists, to the broadened utilization by and contributions from various types of health 
care providers with advanced degrees. 

• From apprenticeship learning at the bedside of highly specified hypnotic techniques to the 
richness of multi-modal and multi-sensory training within a group setting, based on research 
about adult learning and skill acquisition, emphasizing the multiple paths toward similar  
clinical goals. 

• From definitions based on the fixed views and narrow theoretical concepts of a few to the 
fertile exchange by many within a global community. 
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• From precise suggested commands applied rigidly to all patients to open-ended, permissive, 
and individualized suggestions utilizing the specific needs, resources, and interests of each child 
or teen. 

• From making conclusions and generalizations about the hypnotic experience based  
solely on behavioral observation to incorporating double-blind research studies evaluated in 
Cochrane reviews and state-of-the-art neuroimaging to correlate with the varying types of 
hypnotic behavior. 

2. Brief History of Hypnosis & Hypnosis with Children 

In ancient times hypnotic-like techniques were utilized in healing and other ceremonies [1]. 
(Biblical references in both the Old and New Testaments describe accounts of ill children 
responding to healing methods based on faith and suggestion (I Kings XVII: 17–24; Mark IX: 17–27). 
Primitive cultures have employed trance phenomena with children in initiation rites and other 
ceremonies [1]. 

The modern history of hypnosis—in both children and adults—can be found in the rich, 
fascinating, and challenging history of many physicians of 18th century Europe and even more so 
in the 19th century. Many physicians contributed substantial clinical experience and theoretical 
concepts to our current understanding of clinical hypnosis and its usefulness in clinical health care. 
Amongst many, these included Franz Anton Mesmer (1734–1815), the British Surgeon John 
Elliotson (1791–1868) who also introduced the stethoscope to Great Britain, James Braid  
(1795–1860) who coined the word hypnosis, and Jean-Martin Charcot (1835–1893) whose 
descriptions of hypnosis in neurological terms gave it a new measure of scientific respectability. Of 
import, Liebault (1823–1904) and Bernheim (1840–1919) founded the School of Nancy devoted to 
the scientific investigation of hypnosis and described the first research on children’s hypnotic 
susceptibility, describing over 750 subjects and the peak “susceptibility” thought in those days to 
occur between the ages of 7 and 14 years [2] (Kohen and Olness, 2011; pp. 7–12). 

A more detailed description of the early history of hypnosis with children is beyond the scope of 
this article and can be found in Kohen and Olness’ text Hypnosis and Hypnotherapy with Children  
(4th edition, 2011) [2]. 

Kohen and Olness (2011) note the apparent beginning of child hypnosis in the U.S. [2] with 
Baldwin’s paper entitled “Suggestion in Infancy” in Science published in 1891 [3]. By 1900, 
interest in child hypnosis in Europe and the U.S. had decreased and it was not until the late 1950s 
and early 1960s that there was a resurgence of interest in research in Child Hypnosis. In the late 
1950s psychiatrists Dr. Milton Erickson [4] and Dr. M. Erik Wright [5] described their clinical use 
of hypnosis/hypnotherapy with children. 

In the 1960s Dr. Franz Baumann, a general pediatrician in San Francisco, was the first 
pediatrician to become President of a major Hypnosis Society (The American Society of Clinical 
Hypnosis). He published papers on the applications of hypnosis for adolescent drug abuse, enuresis, 
and encopresis [6,7]. In that decade several so-called Susceptibility Scales for Hypnotic 
Susceptibility in Children were developed (London and Cooper, 1969, [8]; Barber & Calverley, 
1963, [9]). The “gold standard” for hypnotic susceptibility in children, the Stanford Children’s 
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Hypnotic Susceptibility Scale (used primarily in research) was developed and published in 1979 by 
Arlene Morgan, Ph.D. & Josephine Hilgard, Ph.D. (see Kohen and Olness, 2011, appendix) [2]. 

Additional clinical reports emerged in the 1970s, most notably by G. Gail Gardner, Ph.D. [10], 
Karen Olness, M.D., the acknowledged pioneer and “mother of pediatric clinical hypnosis” [11], 
and Lonnie Zeltzer, M.D. and Sam LeBaron, M.D, Ph.D. who did early and important clinical and 
research work with pediatric oncology patients [12–14], The first formal workshop in child 
hypnosis was taught in 1976 at the International Congress of Hypnosis in Philadelphia [15]. 

The first textbook, Hypnosis and Hypnotherapy with Children, was written by G. Gail Gardner, 
Ph.D. and Karen Olness, M.D. and published in 1981 [16]. The second edition was published in  
1988 [17], the third in 1996 by Karen Olness, M.D. and Daniel P. Kohen, M.D. [18], and the most 
recent, fourth edition in 2011 by Kohen and Olness [2]. The third edition was also translated into 
and published in German [19] and French [20]. 

Beyond milestones noted in Table 1 [21–32], many clinical applications of hypnosis in child 
health began to be reported in the 1980s and increasingly in the 1990s, notably clinical and research 
papers on the efficacy and applications for clinical hypnosis for children with asthma [33,34], 
children with cancer [14,22–25] and tic and Tourette Syndrome [35]. 

Following the aforementioned initial pediatric clinical hypnosis training workshop in 1976, 
occasional half-day to two day advanced workshops in pediatric hypnosis were offered to 
experienced child health clinicians sporadically during annual conferences of the American Society 
of Clinical Hypnosis (ASCH) and the Society for Clinical and Experimental Hypnosis (SCEH). 
Beginning in 1987, annual 3-day pediatric hypnosis workshops were offered under the auspices of 
the American organization, the Society for Developmental-Behavioral Pediatrics (SDBP), as part 
of its annual meeting. Given this workshop’s wonderful success the following year concurrent 
Introductory and Intermediate Level training workshops were offered, and an Advanced Pediatric 
Clinical Hypnosis Workshop was added the next year. These three concurrent workshops were 
provided annually through 2009. Beginning in 2010, the Faculty from these preceding 24 years 
remained together and the National Pediatric Hypnosis Training Institute (NPHTI) was co-founded 
by Daniel Kohen, MD and Pamela Kaiser, PhD, CPNP, CNS. By Fall, 2014, NPHTI’s 5th annual 
tri-level workshops will have tripled their faculty in order to meet the growing attendance by  
multi-disciplinary clinicians from around the globe. 

Kindertagung—the Child Hypnosis Congress—is the largest child hypnosis congress in the 
world, due to the vision of organizer and teacher, Bernhard Trenkle, Dipl. Psych. and Director of 
the Milton Erickson Institute in Rottweil, Germany. It was established initially in 1990 in Rottweil, 
and attracted 300 participants. Two years later, it was offered by a larger faculty in Heidelberg, 
Germany, and over 450 attended. Over the next sixteen years, it was offered four additional times 
with continued exponential growth in attendance. In 2013 the 7th Kindertagung was held in 
Heidelberg , with 2000 attendees including 114 faculty from Germany, France, Italy, Switzerland, 
South Africa, Canada, and the U.S. [32].  
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Table 1. Key Milestones in 20th–21st Century Evolution of Pediatric Hypnosis. 

Year Milestone Comment/Reference 

1984 
Largest clinical series (to date) of Pediatric 
patients treated with Hypnosis 

[21] Kohen, D.P., Olness, K.N., 
Colwell, S., & Heimel 

1986 
& 1999 

Seminal Videos produced documenting the 
value of hypnosis in children with Cancer: “No 
Fears, No Tears” and the sequel “No Fears, No 
Tears- 13 years later” 

[22,23] Leora Kuttner, Ph.D. 
Vancouver, BC Canada [24,25] 

1987 (to 2009) 

First Annual Workshops in Pediatric Clinical 
Hypnosis for Child Health Clinicians–under 
auspices of Society for Developmental and 
Behavioral Pediatrics 

[2] Inaugural in Disneyland 1987 
under auspices of SDBP Annually 
1987–2009. 

1989 First Pediatric Psychoneuroimmunology study [26] 

1997 
“Imaginative Medicine – Hypnosis in Pediatric 
Practice “Video documenting value of 
hypnosis in primary care 

[27] Laurence I. Sugarman, M.D. 
Rochester Institute of Technology, 
Rochester NY 

2005, 2009 
Harry the Hypno-potamus: Metaphorical Tales 
for Pediatric Problems (Vol I 2005, Vol II in 
2009) 

[28,29] Linda Thomson, CPNP 

1996, 2011 
Hypnosis and Hypnotherapy with Children 
published 3rd edition 1996, 
4th edition 2011 

[2,18] 3rd ed Olness KN and Kohen, 
DP 1996 
4th ed Kohen, DP and Olness, KN 
2011 

2007—2nd ed 
2013 

Therapeutic Hypnosis with Children and 
Adolescents published 1st edition 2007 and 
2nd edition 2014 

[30] Editors: WC Wester and LI 
Sugarman 2007 
2nd ed: Sugarman & Wester 2014 

2010 (annual) 

Formation of NPHTI—National Pediatric 
Hypnosis Training Institute -Inaugural 
Annual Skill Development Workshops in 
Pediatric Clinical Hypnosis (Introductory, 
Intermediate and Advanced) www.nphti.com 

[31] Co-Founders and Co-Directors 
Pamela Kaiser, PhD, CPNP, CNS 
Daniel P. Kohen, MD,  
FAAP, ABMH 
2010–2014 and ongoing 
www.nphti.com 

2010 
“Non-pharmacological treatment of tics in 
Tourette Syndrome with videotape training in 
self-hypnosis.” JDBP 

[2] (p 310) Lazarus and Klein article 
including link to video illustration of 
hypnosis with a child with  
Tourette Syndrome. 

1990, 1992, 
1997, 2002, 

2005,  
2009, 2013 

Kindertagung = Largest Child Hypnosis 
Congress in the world—begun 1990, most 
recent Heidelberg Germany, 2013 

[32] Bernhard Trenkle, Dipl Psych 
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3. Definition 

Over the past three decades professionals have proposed a variety of theoretical definitions 
based upon controlled clinical laboratory research [36]. 

The American Society of Clinical Hypnosis provides the following definition on its website 
(www.asch.net):  

“Definition of Hypnosis: Hypnosis is a state of inner absorption, concentration and 
focused attention. It is like using a magnifying glass to focus the rays of the sun and 
make them more powerful. Similarly, when our minds are concentrated and focused, we 
are able to use our minds more powerfully. Because hypnosis allows people to use 
more of their potential, learning self-hypnosis is the ultimate act of self-control…. 
Recent research supports the view that hypnotic communication and suggestions 
effectively changes aspects of the persons physiological and neurological functions.” 

The American Psychological Association Division 30 states in their 2014 revised official  
definition [37]. 

Hypnosis is a state of consciousness involving focused attention and reduced 
peripheral awareness characterized by an enhanced capacity for response to 
suggestion; hypnotizability is an individual’s ability to experience suggested 
alterations in physiology, sensations, emotions, thoughts, or behavior during hypnosis; 
and hypnotherapy: The use of hypnosis in the treatment of a medical or psychological 
disorder or concern. 

OR, as pediatrician Laurence Sugarman added his perspective [38] (Sugarman, NPHTI 
presentation, September 2013). 

“When we are IN hypnosis, we intensify our attention, decrease our peripheral 
awareness and become more receptive to new ideas and associations whenever we 
reinforce, rewire, reframe or otherwise alter the neurophysiological networks we call 
“experience”. Trance is what happens when we engage in changing our minds.” He 
goes on to say that “Hypnosis is about creating therapeutic interpersonal space for 
trance-formation that leads to transformation.” [38] and, provides a definition that 
says that “Hypnosis is A skill set involving interpersonal communication designed to 
facilitate therapeutic change in maladaptive psycho- physiological reflexes.” [38] 
(Otherwise, of course, WHY do it?!)  

More recently theories and definitions have been proposed based upon neurophysiological 
research aimed precisely at identifying and describing the neurophysiologic correlates of hypnotic 
behavior, reported and observed hypnotic features and effects, now verified with the availability 
and use of functional MRI (fMRI), PET scans, and related physiologic measures [39,40] etc. 

Using brain imaging, cognitive neuroscientists have identified the power that suggestions  
have over attention functions and associated brain networks and their impact on physical and 
mental experience. 
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(Raz, 2011, [40]). Still, Amir Raz, a leader in the field of neurohypnosis, cautions about the 
common over-interpretation of fMRI findings. He notes that researchers are now using newer 
techniques combined with fMRIs in the goal of identifying brain regions associated with different 
cognitive functions [40] We await further exciting discoveries from these and other researchers. 

The most recent issue of Mind-Body-Regulation [41] (MBR, 5 May 2014) brought together the 
world’s most distinguished scholars to create a decisive definition of hypnosis that has eluded 
scholars over the past century. While they provided stimulating food for thought, they did not reach 
a mutually agreed upon conclusion or provide a unifying definition [41]. 

Although there is no universally agreed-upon or scientifically validated definition of hypnosis, 
we prefer a descriptive definition that elucidates what we believe to be the fundamental ingredients 
of the hypnotic experience and phenomenon from a clinical perspective/in a clinical setting:  

A spontaneously occurring or induced alternative state of awareness (with or without 
relaxation, which may or may not be evident) in which an individual develops a focused 
concentration on some idea or image with the expressed purpose of maximizing 
potential, creating a CHANGE, and/or reducing or resolving some problem [2] (Kohen 
and Olness, 2011). 

4. What is It? 

Building on the preceding purposes delineated in the definition by Kohen and Olness, we would 
like to expand our conceptualization of clinical pediatric hypnosis as a tool to facilitate the 
evolution and refinement of self-regulation skills and capacities. More specifically, hypnosis is a 
tool to strengthen children’s existing or under-developed skills in self-regulation, i.e., capacities to 
shift attention, maintain focused attention, inhibit and control reflexive actions, delay gratification, 
use problem solving strategies, and self-monitor and modulate thinking, emotion, behavior, and  
psycho-physiological reactivity [42]. Children typically develop this capacity during infancy and 
childhood [43]. With appropriate clinical pediatric hypnosis training, child health clinicians can 
help children and youth to identify, discover, develop, and cultivate these capacities and other 
internal resources for their own benefit in managing and shaping their responses to a broad range of 
health and life problems, dilemmas, and challenges [42]. In this regard clinical hypnosis helps 
children and their parents develop and refine the concept of “skills not pills” [44] as strategies to 
apply to their particular problems or concerns. 

We wish to emphasize that we believe that the critical ingredients of the therapeutic hypnotic 
experience in children (as well as in adults) are focused attention to and absorption in imagination 
which includes a focus on multi-sensory imagery and a particular cultivation of that imagination 
on steps and strategies toward goals for resolution of problems and change of ineffective patterns. 
Examples of possible specific goals include diminution or disappearance of undesirable symptoms, 
accurate discrimination of distorted thinking about situations and stressors, re-framing of 
perception of problems as solvable and conditions as manageable, building positive expectations, 
control of exaggerated reactivity, and creation and enhancement of the belief in the ability of the 
mind and body to work together to evoke and create desirable changes in outcome. 
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While this is not the forum for an expanded discussion of the similarities and differences 
between hypnosis and other self-regulatory activities, we are aware of other modalities that 
incorporate experiential learning and mechanisms for change. We are clear in telling our clients 
and patients that “some people call this work hypnosis, some call it imagery, some call it 
visualization, others refer to it as mindfulness, and some call it biofeedback.” We indicate our 
belief that these approaches bear some similarity to one another and may reflect some overlap of 
the same phenomenology. These activities share the goals of helping people to cultivate internal 
resources, to explore new possibilities, to accomplish physiologic, perceptual, sensory, and 
behavioral changes, and to facilitate mind-body communication and modulation [45–47]. 

5. Why Use Hypnosis? Why Do It? 

In a video prepared by one of us (DK) for teaching clinicians how children understand and apply 
self-hypnosis [48] an eleven-year-old boy with Asthma who improved substantially with the 
application of his self-hypnosis skills is asked “How does your hypnosis help you with your 
asthma?” He begins by saying “How does it help the medicine work better and faster? Yeah, it 
does, I don’t know how. How does it help me feel better… breathe easier? Well, ummmmm, uhhh, 
it’s kind of hard to explain…..” and then turns his face to the camera and says, “Well, it works….. 
okay, all you people out there, it works!” This clinical evidence is followed below by a review of 
the published evidence. 

6. Wide Spectrum of Applications 

As described in the historical review, the beginning of a surge of clinical reports and clinical 
research in pediatric hypnosis began in the 1970s and continues today. This substantive increase 
may be causally related—and certainly temporally related—to the concurrent evolution of 
increased workshop training in pediatric clinical hypnosis during these decades as discussed above. 

In 1984 Kohen and colleagues published what remains today the largest clinical series of 
children (505 children) and youth treated with hypnosis for a variety of clinical problems, including 
enuresis, pain, asthma, habit disorders, obesity, encopresis, and anxiety [21]. In 1987 Olness, Uden 
and McDonald published their seminal research documenting the superiority of hypnosis training to 
medication in the treatment of juvenile migraine [49]. 

In appropriate search of physiologic correlates of the hypnotic experience in children, studies 
have been conducted describing changes found in peripheral skin temperature during hypnosis [50], 
in transcutaneous oxygen flux [51], cardiovascular changes in association with hypnosis [52,53], 
pulmonary function changes in children with asthma learning hypnosis [34,54]. 

The value of hypnosis in modulating the negative effects of chemotherapy for children with cancer 
(such as nausea and vomiting) has been demonstrated in the research and clinical work of Zeltzer and 
LeBaron [12–14], Olness [55], Jacknow and colleagues [56], and dramatically in Kuttner’s  
award-winning educational videos “No Fears, No Tears” and “No Fears, No Tears—13 years  
Later” [22,23] 1986, and Making Every Moment Count [25]. Kohen and Zajac recently described 
the efficacy of hypnosis for headaches in children and teens [57]. Subsequently Kohen reported an 
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important follow-up survey demonstrating the long-term benefits of hypnosis for those who had 
originally benefited from learning hypnosis for relief of headaches and reported not only long-term 
sustained relief, but also the application of those skills to other areas of their lives [58]. Recently, 
Sugarman and colleagues have published an award-winning article describing new theories and 
promising research regarding the value of hypnosis (and biofeedback) with young people with 
autism [59]. 

In recent years the increase in use of clinical hypnosis with children has resulted in a plethora of 
publications for a wide variety of clinical problems. For example, in preparation of the fourth 
edition of Hypnosis and Hypnotherapy with Children (2011) [2] the authors reviewed over  
500 newly published articles from the English, French, and German literature, published since the 
third edition in 1996 [18]. 

For a detailed and wide-ranging description of the myriad of clinical conditions for which 
hypnosis is applicable and effective in children and youth, readers are encouraged to consult the 
two standard texts in this field, Kohen and Olness’ 2011 fourth edition Hypnosis the Hypnotherapy 
with Children [2] and Sugarman and Wester’s edited text, Therapeutic Hypnosis with Children and 
Adolescents, second edition (2014) [30]. 

Additionally, we refer to the following Table 2 that highlights a broad range of applications. 

Table 2. Applications of Hypnotherapy for Children and Adolescents *. 

Category  Examples Key References 

1. Habit Problems 
Thumb-sucking, nail-biting, Hair-
pulling, Nocturnal Enuresis, Habit 
Cough 

GGailGardner 1978 [10]  
D Kohen 1996 [60] 
L Thomson (2002) [61] 
Gottsegen (2003) [62] 
Anbar and Hall (2004) [63] 
Shenefelt (2004) [64] 
Anbar (2007) [65] 
Olness (1975) [11] 

2. Mental Health Conditions 

Separation Anxiety • Social Anxiety • 
Performance Anxiety (speeches, recital, 
sports) • post traumatic stress disorder 
(PTSD) • obsessive compulsive disorder 
(OCD) • Phobias 
Grief & Bereavement 
Major Depression 
• Dysthymia 
• Adjustment Disorder with Depression 
and Anxiety 
Anger • Adjustment Disorder • Coping 
with family change 

Kaiser (2011) [42] 
Kaiser (2014) [94] 
Spies (1979) [95] 
Kuttner, Friedrichsdorf (2014) [96] 
Golden (2012) [97] 
Kerns et al (2013) [98] 
Yapko (2001) [99] 
Yapko (2006) [100] 
Yapko (2011) [70] 
Kohen, Murray (2006) [101] 
Kohen (2014) [102] 
Cyr, Culbert, Kaiser 2003 [66] 
Tschann, Kaiser, Boyce, Chesney, 
Alkon-Leonard (1996) [67] 
Culbert & R-Cyr, Ped Mind-Body 
Interface (2005) [68]  
Olness (2009) [69] 
Yapko (2011) [70] 
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Table 2. Cont. 

Category Examples Key References 

3. Psycho-Physiological 
Disorders 

Asthma • Migraine HA •IBS 
Inflammatory Bowel Disease 
• Warts • Tourette Syndrome 

Kohen & Zajac 2007 [57] 
Kohen (2010, 2011) [58,71] 
Olness, MacDonald Uden (1987) [44] 
LaBaw (1975) [72] 
Anbar (2003) [73] 
Hackman ( 2000 ) [74] 
Kohen (1995) [33] 
Kohen, Wynne (1997) [34] 
Culbert, Kajander, Kohen Reaney  
(1996) [75] 
Gottsegen (2011) [76] 
Kuttner et al (2006) [77] 
Vlieger, Menko-Frankenhuis (2007) 
[78] 
Pendergrast (2003) [79] 
Lazarus, Klein (2010) [2] (p. 310)  
Kohen, Botts (1987) [35] 
Kohen (1995) [80] 

4. Pain 
Acute (injury, illness, medical 
procedures) • Chronic pain  
• Recurrent Pain 

Kuttner (2006) [81] 
Olness (1981) [50] 
Berberich, Landman (2009) [82] 
Myers, Bergman, Zeltzer (2004) [83] 
Zeltzer, Dolgin, LeBaron, S., LeBaon, 
C. (1991) [84] 
Vlieger, Menko-Frankenhuis  
(2007) [78] 
Gottsegen (2011) [76] 
Anbar (2001) [85] 
Antich (1967) [86] 
Bernstein (1965) [87] 
Butler et al (2005) [88] 
French, GM et al (1994) [89] 
Kohen, (1996) [90] 
Kuttner (1988) [24] 
Kuttner (2010) [91] 
LeBaron, Hilgard (1984) [14] 
Tsao, et al., (2007) [92] 
Uman et al (2008) [93] 
Gulewitsch, Muller, Hutzinger, Schlarb 
(2013) [109] 

5. Sleep Disorders 
Sleep onset insomnia (Anx), 
Circadian Rhythm Disorder, 
Parasomnias 

Culbert, Kajander (2007) [103] 
Kuttner (2009) [104] 
Kaiser (2011) [42] 
Kohen et al (1996) [105] 
Stanton (1989) [106] 
Schlarb, Liddle, Hautzinger  
(2011) [110] 



137 
 

 

Table 2. Cont. 

Category Examples Key References 

6. Chronic Illness 
Adjustment & coping 
Palliative Care, Grief, Bereavement 

Anbar (2000) [54] 
Anbar (2001) [85] 
Zeltzer, Schlank (2005) [107] 
Kuttner, Friedrichsdorf (2014), [96] 
Kuttner (2006), [81] 
Kuttner (2003), [25] 
Kohen, Olness (2011, Chapter 15) [2] 
Gardner (1976) [108] * 

* While several illustrative references are cited, additional relevant examples and references can be 
found in the two major textbooks, noted in references [2,30]. 

The value of brain imaging in amplifying how hypnotic suggestions impact mental and physical 
experience is described by Lifshitz, Cusumano, and Raz (2013) [111]. It is also noteworthy that 
Cochrane and other systematic reviews support the efficacy of pediatric hypnosis for various clinical 
applications, including Curtis et al., (2012) [112], Gold et al., (2007) [113], Landier & Tse (2010) [114], 
McClaffery (2011) [115], Rickardson et al., (2006) [116], Schnur et al., (2008) [117], and  
Uman et al., (2013) [118]. 

7. Case Presentations 

The remainder of this paper offers several case vignettes to illustrate common applications of 
hypnosis and hypnotherapy in every-day child and adolescent health care. These case examples 
also demonstrate the nature and value of these empowering hypnosis strategies for children who 
previously struggled substantially before developing various self-regulation skills: 

7.1. Case of Anxiety 

7.1.1. CASE #1: Performance Anxiety: From Baseball Bawling to Behavioral and Emotional  
Self-Regulation 

J. is a 9-year-old fourth grader who presented with a long history of anxiety about not measuring 
up to his own very high standards. This was associated with poor emotional and behavioral  
self-regulation when frustrated and disappointed with his mistakes, which was particularly 
detrimental when playing his beloved sport, baseball. Despite his Dad’s coaching tricks to let go of 
these feelings, he typically needed to be assisted off the pitcher’s mound due to uncontrollable 
tears, kicking the dirt, and hitting himself with his glove. He was unable to “regroup” from this 
marked emotional and behavioral disintegration and the sobbing continued, resulting in reduced 
playing time, embarrassment, and later regret and further anxiety. 

As with all initial encounters with new patients, developing rapport with the child and parents is 
critical to the process and outcome of the treatment. Similarly, the clinician learns the child’s 
personal and family history, and assesses motivation, expectations, strengths and other internal 
resources, such as capacity to accurately discriminate or interpret a situation and to self-regulate 
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their emotions, thoughts, and behavior in other areas of their life. Time is spent to appraise the 
child’s understanding of the “problem” as well as how they accomplished past mastery experiences. 

While there may be some exceptions, the more formalized introduction of hypnosis per se and 
discussion and demystification of hypnosis may not take place until subsequent visit(s). Given this 
child’s strong interest in sports, the clinician linked the explanation about hypnosis to references 
about top athletes’ learned skills in focused attention, mental rehearsal, and being “in the zone”. 
She emphasized that “learning to do ‘self-hypnosis’ like those athletes do will certainly help  
his game”. 

Children in this age range are particularly receptive and responsive to hypnosis. The clinician 
capitalizes on this developmental phase, by utilizing the child’s expanded attention span, 
intellectual curiosity, motivation to master new skills, capacity to understand and create metaphors, 
and the ability to access memories of the past and to richly imagine the future. 

This child saw his “hypnosis coach” weekly for several sessions, during which hypnosis was 
incorporated into other interventions, including Cognitive Behavior Therapy (CBT) to address his 
faulty beliefs and perfectionism, computerized biofeedback to enhance his psycho-physiological 
reactivity, and parent counseling to shift from their sense of helplessness to learning how to support 
their son’s own growing capacities to dampen strong emotions. He also kept a calendar to record 
his improving self-regulation skills, using a scale from 0 to 10 to indicate level of control over 
behavioral outbursts. 

When designing a hypnotic or hypnosis trance experience, the clinician “utilizes” the child’s 
interests, capacities, and goals. J’s notable strengths included his passion and knowledge of 
baseball, his overall congenial personality and sportsmanship, and his motivation to gain  
self-control. Given his pronounced passion for baseball, the child and therapist made an agreement: 
He would teach her baseball terms and she would teach him “tricks” to improve his self-control and 
focus during baseball games. Accordingly, sports terminology, the self-calming rituals of his 
favorite star ball players, and his capacity to focus his attention were incorporated into therapeutic 
suggestions. In this regard, J. was asked to “teach” the clinician about sports slang and to tell some 
stories about key players. This language and information became “hooks” woven into suggestions 
during the hypnosis work. 

For example, the phrase “on to the next one!” was introduced to J. as self-talk, an immediate 
inner response, to dissociate from any personal errors during the game and to sustain positive 
expectations. He also learned to “turn off the faucets” just before each practice and game, in order 
to control his past tearful responses and to regulate his intense emotional reactivity to mistakes. 
While he imagined playing a close game, he was taught to pair or link a calming breath with the 
touch of the ball when pitching, bat when hitting, and base when running. 

He was also told a metaphoric story about a boy who decided it was time to no longer feel like a 
loser by being tricked by curve balls inside his head that were stealing his attention, focus and 
control. First, he found a specialty coach to work with on his mental game during his spring 
training and he found immediate relief with the assist of calming breaths. Second, he taught 
himself to throw away any errors that were running around in his head, in order to quickly catch 
on to practicing new plays. Third, he worked hard on drills to line up his new strategies in his 
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mind. Before the end of his inner strength training, he struck out the old disappointment and 
frustration that had fouled up his game. He became a champion as a triple threat with his  
MVP—Most Valuable Playing—with full attention, focus, and self-control. Watch him keeping his 
eyes on the ball, instead of bawling! 

This story was recorded and given to him, with instructions to listen to it daily as part of his 
ongoing practice doing self-hypnosis exercises to foster calmness and an enhanced capacity to 
modulate his emotions when coping with normal, every day “hassles”. In subsequent sessions, the 
clinician reviewed his progress calendar and added other hypnosis experiences for him to listen to daily. 

Within a number of weeks, this child showed significantly enhanced self-regulation of his 
emotions and behavior, both on and off the field. He became an athlete who shared his self-control 
strategies with his teammates. 

7.1.2. CASE #2: Anger Management and Primary Nocturnal Enuresis 

Almost 10-year-old “Z” was brought by his parents for “issues” of angry behavior and not 
wanting to do what he is told or asked, occurring exclusively at home. He has had no problems in 
school or in after-school programs, but acknowledged “issues” with stomping his feet, slamming 
doors, and defiantly refusing to do things he is “supposed” to do at home, either on his own or 
when asked. 

The day before his first visit he had a public tantrum at a local store when his mother said he 
could not get the toy he wanted. As a “consequence” of his tantrum, he was “grounded” from using 
his electronic games for a week. His mother reported that she was surprised that he had 
spontaneously come to her to apologize that same evening before bed. He was surprised and proud 
when the clinician spontaneously gave him a “high 5!” for that spontaneous apology. 

During the initial visit the clinician inquired what “issues” Z wanted to work on. He said he did 
not like the way he gets angry and was surprised when the clinician told him that “feeling angry is 
okay, everyone I ever met got angry or gets angry sometimes, and then they get un-angry. It is only 
okay or not okay how we get angry and how we act, not if we get angry. We are not allowed to hurt 
people or things when we get angry. The clinician noted Z’s spontaneous focused attention 
(spontaneous hypnotic trance) and complimented all those other times that you might have gotten 
angry and did not. 

During the first visit the clinician identified Z’s strengths, including cooperation at school  
(i.e., no behavior problems or acting out there), great soccer skills, and being a “quick learner”. 

Almost as an after-thought Z. mentioned that he had an “issue” with his bladder and he and his 
parents noted that he never wakes up in a dry bed. When asked about the reason for this, they said 
“because he sleeps too soundly, he’s a heavy, deep sleeper”. When he told the clinician that there 
was no problem with daytime wetting ever, the clinician purposely and dramatically showed 
pleasant surprise: “really? Well, that’s going to make this much easier to solve than I thought, we’ll 
work on this as soon as you know how to manage the angry feelings.” This “waking hypnotic 
suggestion” was planted as a seed for building upon at a future visit. 

At the second visit, Z. was taught a hypnotic anger (or other feeling) management strategy 
called the “jettison technique”. Offering a “personal” example, the clinician gave a blank piece of 
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paper to Z. and one for himself. Without formally mentioning hypnosis, the clinician said “Just 
listen and watch first. Then you’ll have a chance to do this too… Sometimes when I feel angry I 
just close my eyes or I look inside my mind with my eyes open—either way is fine—and I picture 
what color and shape angry is…. Let’s see, hmmmm, right now it’s a red square! Then, I imagine 
or pretend there is a faucet or drain pipe in the side of that square. I turn it on and the angry feeling 
runs out of my thinking (touching each next part while describing it) down the side of my neck, 
down my shoulder on my (either) arm and down and around the bend at the elbow and all the way 
down into the palm of my hand (holding palm upward) until all of the angry feeling has filled up 
my hand. Then I roll it up into a tight fist, take a deep breath and hold it, then as I blow out I throw 
it away!! (forcibly crumpling up the piece of paper as tight as possible and throwing it onto the 
floor!). At the end, I look back into my thinking to see the color and shape of comfortable or relief 
or relaxed…wow, now it’s a yellow circle, smiley face!! Okay, your turn!” He reproduced it, 
reporting different colors and shapes than the clinician’s. It was suggested that he have a pile of 
scrap paper in his room to use “as needed”. 

At the next visit he and his parents reported considerably fewer tantrums and much more 
cooperation. He asked about getting dry at night. He was told quite directly that his brain and 
bladder know each other very well, that they work together great, and are in a good pattern of 
talking to each other, so much so that he does not wet his pants even if he has to “go really, really 
badly…” He agreed, and said that what was just described was exactly what he does every day all 
day except that he does not say it out loud.  

Z. demonstrated another spontaneous hypnotic state while focusing carefully on a participatory 
drawing of genitourinary anatomy and physiology, capitalizing on his curiosity about how the body 
works, and his quick learning. 

In the drawing, urine was depicted being sent from the kidneys (aka “pee factory”) to the 
bladder, shown as a “sack with a muscle around it” with a “gate” made of muscle that is closed 
most of the time, opening only upon signal from the “main computer”, i.e., the brain, when it is 
full. The drawing showed the brain and bladder connection, with bi-directional arrows 
communicating between the full bladder and the brain, keeping the gate “closed” until the right 
time and place. 

Z. was taught that nighttime accidents are just that, i.e. that his brain and bladder accidentally 
got into an accidental habit or pattern of not talking with each other at night. Therefore, he has to 
remind them before he goes to sleep because he is going to be asleep. Since the bladder and brain 
have perfect communication all day long, they “are already friends and know how to talk to each 
other, so all you have to do is remind them before you go to sleep.” 

Z. committed to giving instructions at bedtime to his brain and bladder “taking no longer than 5 min 
to do so”. “For example, you could say “Bladder, tonight let the brain know when you’re full. 
Brain, you have a choice: WHEN the bladder says it’s full, tell me to wake up, walk to the 
bathroom, open the gate, pee in the toilet, close the gate, flush , and go back to my nice, warm, 
comfortable dry bed, or, instead tell the bladder gate to stay closed and locked all night until 
morning, and then wake up happy and proud in a nice warm dry bed” With either choice, the bed is 
dry in the morning. 
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Z listened carefully. His parents and he agreed to discontinue using “diapers” (pull-ups) that he 
had worn—and soaked—nightly. Although they missed the scheduled appointment 2 weeks later, 
they returned in 4 weeks to report 29 out of 32 nights being totally dry, or 91% dryness. His parents 
were astounded, and he was very proud. 

7.1.3. Case #3: Fear of Shots and Embarrassing Warts 

K. was a 10-year-old fifth grader who asked her parents to see the “special doctor” who helped 
her good friend get over daily tummy aches while at school when she was away from her Mom. K. 
wanted to get over her long-time fear of shots. She was also highly motivated to get rid of several 
large warts on her knees. She was tired of always wearing pants to cover them for fear of  
being teased. 

The evaluation showed that her fear of injections met criteria for a Specific Phobia, given her 
excessive and developmentally inappropriate level of fear reactivity regarding the procedure. Her 
mother described K’s intense distress and panic whenever faced with this procedure in the past. She 
begged loudly for a delay, tried to hide in the corner of the exam room, cried and screamed in  
protest when the nurse approached her. Her screeches “No! No! No!” lasted until some minutes after 
the administration. 

Given her panic symptoms of high psychophysiological and emotional reactivity, K. was taught 
diaphragmatic breathing (aka “belly breathing”) to activate the parasympathetic nervous system  
(aka the “calming control center, CCC”). She was urged to practice this new skill several times a day. 

Because Exposure Therapy with Systematic Desensitization is the treatment of choice for 
phobias, K. was gradually exposed to the equipment (e.g., cleaning swab, syringe) and procedure 
for injections, until those items and “pretend” shot-giving no longer evoked activation of panic 
symptoms. In addition to this “in vivo” exposure, she was taught self-hypnosis to be used as 
repeated “imaginal exposure” that focused on her capacity for self-regulation of her body’s “false 
alarm” that had prompted such strong reactions with her emotions, thoughts, and behavior. 

Given her gift for creative writing and love of biographies about strong-willed girls who became 
famous women, she was encouraged to “go to a special safe place where she was completely in 
charge and in control of herself”. She was invited to “just enjoy being there where she could also 
now turn on a special TV in her mind”. Suggestions were offered “to use your imagination to watch 
a Mastery Movie on the K Channel. Instead of watching the old disaster film of being out of control 
while getting a shot, this is a ‘future film’, you are the scriptwriter, the producer, the director, and the 
star of the show”. 

She was encouraged to use her five senses to intensify the experience “as if you are really there: 
calmly and confidently walking into the waiting room, becoming even more relaxed and 
completely in control as you enter the exam room. Now notice how easily you deepen your sense 
of calmness by using your belly breathing and self-hypnosis when the nurse comes in to give the 
medicine that keeps you healthy. Pay attention to how you go so quickly to your Special Place so 
you can be more there where you’d like to be, there where you don’t care while the nurse takes 
care of the arm and the medicine. And, when it’s over, then you’ll be done, so when you’re ready 
you can now return to your usual alertness and awareness”. 
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K was also taught to use self-hypnosis to get rid of “those warts you don’t need anymore”. In 
each session, she experienced hypnosis so she could “use your imagination and creative mind to 
shrink yourself down in order to travel inside your body”. She had already been taught about the 
blood vessels underneath the warts. The suggestion was given to “decide for yourself your own 
special way to stop the blood supply from feeding the warts”. She heard a few ideas used by other 
children, such as a rope and lasso, a knife, a detour. Within a few moments her dominant handmade 
slashing gestures, as if she held a knife. Such ideomotor gestures are common during hypnosis. 

K. practiced her self-hypnosis three times daily for two weeks, re-enacting the “scenes” elicited 
above. Upon return the warts were notably smaller, and she indicated readiness for the needed 
immunization. Two weeks later she returned again, wearing a lovely skirt, and proudly announced 
her successful experience with that immunization procedure. The warts were gone. 

7.1.4. CASE #4: Adolescent with Chronic Daily Headache (HA) 

W was 15-2/12 at the time of her first visit. She was referred by one of her two pediatric 
neurologists for help with chronic, daily, severe headaches. 

A detailed history was taken, revealing headaches since early childhood that increased in 
frequency, duration, and severity over time. There was a very strong family history of migraines. 
Over the years, she was evaluated by many physicians at various clinics and hospitals for the 
continuing severe headaches triggered by “lack of sleep/water, MSG, scents, physical activity, 
thinking, breathing, living in general.” Diagnostic testing for autonomic dysfunction revealed no 
positive results. Interventions included multiple medication trials, and a recent three-month 
intensive inpatient rehab program that involved a comprehensive and multi-modal approach: 
physical therapy, “group biofeedback”, relaxation including diaphragmatic breathing, listening to 
music, meditation, progressive relaxation, distraction, socialization with games, reading, movies, 
peers and positive self-talk, and an agreement to avoid opioids and daily pain medications. There 
was no mention of hypnosis. 

W.’s academic history was marked by absence and numerous changes in locations and types  
of schooling. 

During the initial visit, the typical assessment scale to measure pain severity scale was also used 
therapeutically. Using an agreed upon range of 0–12 (12 = worst imaginable HA, 0 = none), her 
average was eight. Surprised with the question: “What would you prefer?” she replied, “Four or 
less but I don’t think zero would be a good idea because I do feel I have this for a reason and it has 
enabled me to meet people.” When asked the last time it was zero she indicated “before it became 
daily 17 months earlier”. 

The clinician gently corrected her by offering a re-framing idea that it is zero “whenever you are 
asleep” and in a purposely constructed “waking hypnotic suggestion”, the clinician said “So, all we 
have to do really is find out how to move the file in your brain called no headache from only at 
night to also when you’re awake”. As with most patients with chronic recurrent pain, the clinician 
introduced the possibility of change while simultaneously assessing motivation through the use of 
embedded suggestions with carefully selected wording in the following questions: 
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Will you miss the HA’s when they’re gone?  “No.” 
Is there anything good about the HA’s?  “No” 
Do you need them for anything?  “No” 
Do you think you have had them long enough?  “Yes” 

Given W.’s very chronic and severe headache history without relief despite multiple 
interventions, the clinician then set a therapeutic goal to shift her focus from over-investment in her 
pain to positive expectations for self-healing. W. agreed to keep a written HA diary, and was given 
a therapeutic suggestion “to track the reduced frequency and intensity. The clinician also asked W. 
if she “needed to find or know the “reason” for the HA if she could find a way for it to not bother 
her”, and she said she did NOT need to know the reason. Of course had she said she did need to 
know the reason, additional and alternative clinical approaches would have been the appropriate 
next step. 

During the initial visit, multiple therapeutic seeds of “waking suggestions” were planted for her 
consideration, including (1) pain is pain, suffering is optional; (2) pain is a signal, nothing more, 
nothing less; and (3) when everything that can be done and should be done, has been done, there is 
no reason for pain to bother. At the end of this visit the clinician again evoked positive expectations 
when telling W. that he was absolutely sure he could help her help herself, that everyone whom he 
had ever met with a HA problem had gotten better without exception, and that she was invited to 
leave all past, present, and future headaches in the clinician’s file cabinet. She laughed. 

At the second visit, training in hypnosis and self hypnosis began with viewing a couple of 
videos of youngsters both talking about and doing self-hypnosis. Induction (initiation) of hypnosis 
was easily accomplished with “favorite place imagery”. Suggestions for multisensory imagery 
along with progressive relaxation served to intensify (or “deepen”) the hypnotic experience. To 
amplify that self-hypnosis training emphasizes personal choice and self-control, therapeutic 
hypnotic suggestions for controlling HA were offered as a “menu” from which W could choose. 
For example, she was told “I don’t know how you will lower those HA’s that used to be there 
more, but somewhere in your inner mind you know how because you want to be and can be the 
boss of those HA’s instead of them begin the boss of you. I’d like to tell you some stories of how 
other young people got rid of their HA’s….I knew this one 12-year-old boy who had migraines and 
he used the idea of being on an elevator, so if he had a migraine that was a ’10’, he’d push the 
button to ride down to nine, and then the light would go off at 10 and on at nine, and then 
eight….and then . . . . . . six or five . . . . . and . . . then . . . . all the way to one or zero,” I met this 
one little girl who was only five; and she had a stomach-ache problem and she didn’t like elevators, 
so what she did in her imagination was imagine being on a water slide; and the 12 was at the top 
and the zero was at the bottom in the cool refreshing water, and whenever she had a tummy ache 
she would get on the water slide in her mind and zooooommmm down from 11-10-9-8-7-6-5-4-3-
2-1-splash! A few years ago, I worked with a 17-year-old young woman, with migraine problems, 
who rode horses. To control her migraines she’d imagine riding on the beach with the horses’ 
hooves gradually erasing the zero–12 numbers in the sand. And, of course, when it got to zero it 
stayed there. I don’t know which of those stories you’ll use, or maybe some combination, or 
probably you’ve already come up with a couple in your own mind from your experiences. And, like 
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everything, the more you practice, the better you’ll get. Whichever works best for you is the best  
for you.” 

W. practiced self-hypnosis a couple of times each day as suggested. She improved gradually. 
She agreed to also keep a concurrent diary of “How am I dealing with it?” ratings, with  
zero = dealing with it best, and 12 = worst. W. soon reported much less use of medication for 
“severe” HA, and decrease of migraine prevention and anxiolytic medications. 

By the middle of the following school year she was substantially improved. Nine months after 
the first visit, W. reported that her average HA rating was now down to 3.6 (from average of 8.5) 
and her “dealing with it” had improved 23%! to 2.3 With the intention of increasing her awareness 
of and empowering her own abilities the clinician asked W. “How did you DO that?” She replied “I 
am stunned it is astonishing… I never thought I could do it… you know, change my body with my 
mind. I did continue what you told me to do, so I imagine being at the cabin, and reading and then I 
swim in the lake and the closer I come back to shore the lower the number of my HA is and when I 
get to shore it’s fine!” 

8. Contraindications and Caveats 

While the foregoing cases are representative of common conditions and common responses to 
hypnotic interventions, it is essential to note that not everyone responds so positively and so 
quickly. Like any strategic therapeutic intervention, positive rapport is essential to good clinical 
work, and ongoing re-evaluation, flexibility, and engagement in brainstorming with patients and 
families are fundamental to ultimate progress, problem resolution, and healing. 

As with any clinical intervention, treatment with clinical hypnosis is not without obstacles or 
roadblocks. As with any skill, rehearsal (“practice”) of self-hypnosis skills enhances competence, 
confidence, and positive outcomes whereas absence of regular rehearsal is more likely to result in 
slower and/or less positive results. We give “homework” assignments involving practice of  
self-hypnosis, counsel parents about their level of involvement versus interference, and encourage 
children and youth to come to appointments with their hypnosis and not only for it. Not unlike 
other therapies, however, inconsistent follow-up appointments and/or inconsistent attention to 
home rehearsal are potential contributors to less than desired outcomes. 

For some children’s problems—as noted in the foregoing tables, hypnosis may be clearly the 
treatment of choice (e.g., enuresis, migraine) and have the best “track record” compared to what 
might otherwise have been considered “traditional” approaches to that problem. By contrast, for 
other problems/conditions (e.g., behavioral and mental health issues) hypnosis may be clearly more 
adjunctive, but nonetheless highly valued as an important ingredient in an overall management plan 
(e.g., with asthma or other chronic illnesses where learning self-hypnosis may not provide “cure” 
or resolution, but can/will contribute to reduced morbidity such as less medication needs, fewer 
days missed from school, better sleep, etc.) [2,30]. 
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9. Contraindications 

There are a few absolute contraindications to the utilization of hypnosis with children, and 
several more relative contraindications [2]. 

• Hypnosis should not be utilized for entertainment. As we have discussed and illustrated, 
hypnosis is a very effective clinical tool; and often may have powerful and dramatic positive 
effects on medical and mental health. We strongly advocate against the use of hypnosis for 
public entertainment as is seen commonly during high school graduation parties. 

• Hypnosis should only be used by clinicians trained in the appropriate use of hypnosis and 
hypnotherapy and within the scope of their clinical practice. Thus, while 
hypnosis/hypnotherapy are very appropriate and useful adjuncts to help children with 
anxiety and/or discomfort during dental work, it would of course be unethical and 
inappropriate for a pediatrician or a psychologist who has learned hypnosis to start doing 
dental extractions! Of course it would be appropriate for those professionals to teach their 
clients how to use self-hypnosis WHEN they go to the dentist). 

Analogously, though hypnosis can be a very helpful tool in treating posttraumatic stress disorder 
(PTSD), clinicians who learn hypnosis yet have no specialized training in treating children with 
PTSD should not start offering hypnosis for PTSD. 

• Hypnosis should not be used to treat a condition for which there is already a fundamentally 
appropriate, acceptable, accessible, and effective treatment. One example might be strep 
throat. Or appendicitis. Of course, however, one might well learn self-hypnosis to help allay 
anxiety or discomfort associated with having a throat culture; or learn methods of control of 
anxiety, discomfort, and return of normal bodily functions pre- and post-operatively for  
an appendectomy. 

• Hypnosis should be tailored to the developmental level and capacities of the individual 
child. Designing a hypnosis session to address clinical anxiety for a six-year-old would be 
very different for a nine-year-old. Typically, developing toddlers and those children with 
significantly impaired intellectual and language abilities and limited capacity for internal 
absorption would benefit from repetitive sensorimotor stimuli known to induce a calmer, 
steadier state of comfort, such as rhythmic rocking, patting, swaying, or music. 

10. HOW?: Learning Hypnosis Skills 

While this article is intended to be an overview of the value of clinical hypnosis in children, it is 
neither a “HOW to do it…” nor a manual or a written suggestion to imply that clinicians reading 
this article can now go to the office and begin using hypnosis. Quite the contrary, even the case 
illustrations noted carry the notable caveat that the involved experienced pediatric clinicians were very 
well trained in pediatric clinical hypnosis before they began to apply these skills in their clinical work. 

It is our hope and intention that the foregoing will serve as a stimulus for further study, inquiry, 
and most importantly, for appropriate clinical skill development through training by licensed health 
care professionals. Pediatric-specific didactic presentations and experiential learning through 
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supervised practice by licensed pediatric professionals are essential to the development of the 
expertise required to help children and families help themselves through the learning of  
self-hypnosis in fostering self-regulation abilities and other internal resources, as well as  
symptom reduction. 

As briefly noted earlier, starting in 1987, a cadre of multidisciplinary faculty of licensed health 
care professionals began teaching what has become the longest-running pediatric clinical hypnosis 
workshop training in the United States, sponsored by the Society for Developmental and 
Behavioral Pediatrics (SDBP). Beyond those twenty-four years of workshops, the enduring and 
growing Faculty initiated the National Pediatric Hypnosis Training Institute (NPHTI = nifty!) in 
2010 which continues to provide the tri-level pediatric hypnosis training workshops annually. Over 
the past 4 years over 400 child health professionals with graduate degrees have availed themselves of 
the NPHTI skill development workshops. These past participants, representing over forty states in 
the U.S.A. and seven foreign countries, include pediatricians, pediatric subspecialists (e.g., 
developmental-behavioral pediatricians, pediatric-trained pulmonologists, gastroenterologists, 
neurologists, oncologists, anesthesiologists), pediatric psychologists and child and adolescent 
psychiatrists, pediatric social workers, marriage and family therapists, Child Life Specialists, 
advanced practice pediatric nurses (e.g., clinical nurse specialists, pediatric nurse practitioners, and 
advanced practice RNs), and pediatric occupational therapists and physical therapists. 

NPHTI is a rapidly growing professional organization open to inquiries from licensed 
professionals with advanced degrees and would be pleased to welcome qualified applicants to 
future training. (See www.nphti.com). 
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Pediatric Integrative Medicine in Residency (PIMR): 
Description of a New Online Educational Curriculum 
Hilary McClafferty, Sally Dodds, Audrey J. Brooks, Michelle G. Brenner,  
Melanie L. Brown, Paige Frazer, John D. Mark, Joy A. Weydert, Graciela M. G. Wilcox, 
Patricia Lebensohn and Victoria Maizes 

Abstract: Use of integrative medicine (IM) is prevalent in children, yet availability of training 
opportunities is limited. The Pediatric Integrative Medicine in Residency (PIMR) program was 
designed to address this training gap. The PIMR program is a 100-hour online educational 
curriculum, modeled on the successful Integrative Medicine in Residency program in family 
medicine. Preliminary data on site characteristics, resident experience with and interest in IM, and 
residents’ self-assessments of perceived knowledge and skills in IM are presented. The embedded 
multimodal evaluation is described. Less than one-third of residents had IM coursework in medical 
school or personal experience with IM. Yet most (66%) were interested in learning IM, and 71% 
were interested in applying IM after graduation. Less than half of the residents endorsed pre-existing 
IM knowledge/skills. Average score on IM medical knowledge exam was 51%. Sites endorsed 1–8 
of 11 site characteristics, with most (80%) indicating they had an IM practitioner onsite and IM 
trained faculty. Preliminary results indicate that the PIMR online curriculum targets identified 
knowledge gaps. Residents had minimal prior IM exposure, yet expressed strong interest in IM 
education. PIMR training site surveys identified both strengths and areas needing further 
development to support successful PIMR program implementation. 

Reprinted from Children. Cite as: McClafferty, H.; Dodds, S.; Brooks, A.J.; Brenner, M.G.;  
Brown, M.L.; Frazer, P.; Mark, J.D.; Weydert, J.A.; Wilcox, G.M.G.; Lebensohn, P.; et al. Pediatric 
Integrative Medicine in Residency (PIMR): Description of a New Online Educational Curriculum. 
Children 2015, 2, 98-107. 

1. Introduction 

Integrative medicine (IM) is prevention-based medicine that emphasizes the therapeutic patient-
clinician relationship and uses all appropriate therapies [1]. IM has unique potential in pediatrics, 
where acquisition of healthy habits may confer lifelong benefits. 

The integrative approach is personalized and addresses nutrition, mind-body medicine, sleep, 
exercise, whole medical systems (e.g., traditional Chinese medicine), environmental health, and  
social support. 

Interest in IM is significant, driven by consumer demand for care that is cost effective and better 
aligned with patient values [2,3]. A 2005 Institute of Medicine statement recommended that health 
professional schools include education on complementary medicine at all training levels [4], 
highlighting the need for physician education. Guidelines on IM education have been published for 
medical students and family medicine residents [5–7]. Fellowship competencies exist for IM [8], and 
Board certification is now available for physicians [9]. 
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Training in IM occurred quickly in some specialties. A four-year combined residency and 
fellowship in family medicine and integrative medicine launched in 2004 [10]. A 200-hour online 
IM curriculum (Integrative Medicine in Residency, IMR) developed in 2008 [11] is now used by 
more than 900 residents and 50 faculty members at 42 residencies. 

Pediatrics lacks IM training programs, despite data from the 2007 National Health Interview 
Survey demonstrating that nearly 12% of all children used complementary therapies, with prevalence 
increasing to 50% in those with chronic illnesses [12]. Pediatricians’ desire for education about 
complementary therapies was documented in an American Academy of Pediatrics (AAP) members’ 
survey (n = 733) [2,13]. 

Despite significant IM use in children and interest among pediatricians, only 16 of 143 pediatric 
academic programs surveyed reported having IM programs in 2012 [3]. This gap presented an 
opportunity to design, implement, and evaluate a pilot program (Pediatric Integrative Medicine in 
Residency, PIMR). Alignment of the curriculum with newly developed Accreditation Council for 
Graduate Medical Education (ACGME) core competencies facilitated introduction of material on 
empathy, self-regulation skills, and the importance of self-care in residency training [14]. 

This article describes the PIMR program, a 100-hour online curriculum developed at the Arizona 
Center for Integrative Medicine (AzCIM) at the University of Arizona, currently being implemented 
at five residencies. Successful implementation will rely on a program’s capacity to adopt new 
curriculum, and on resident readiness to learn about IM. Therefore, data will be presented on 
residency site characteristics, resident experience with and interest in IM, and residents’  
self-assessments of perceived IM knowledge and skills. 

2. Methods 

2.1. Curriculum Development 

Content development was based on: guidelines from the joint ACGME and American Board of 
Pediatrics (ABP) “Pediatric Milestone Project” [15]; competencies in IM [8]; literature review of 
pediatric IM topics; and input from nationally recognized pediatric faculty. The curriculum provides:  
(1) an introduction to pediatric IM; (2) a review of foundational topics; and (3) case-based IM 
management of common conditions. Content was piloted at the University of Arizona pediatric 
residency then refined based on faculty and resident feedback and a needs assessment questionnaire 
distributed to faculty and residents at two academic pediatric training programs. Refinements 
included emphasis on self-care, case-based learning, and intake and treatment planning. Authors 
were fellowship-trained integrative pediatricians. Table 1 summarizes the curriculum. 

The online curriculum is modular. Self-contained units can be adapted for use in core rotations, 
used within electives, or distributed longitudinally. Interactivity is facilitated with case-based 
teaching. Onsite teaching and experiential activities tailored by the faculty site leaders round out the 
program. Onsite activities may include case conferences, self-care assessments, and experiential 
seminars. An annual faculty retreat provides faculty support and maintenance of current IM training. 

The PIMR program’s website is the hub of the resident learning community and includes online 
dialogues for questions and comments. Faculty site leaders track resident participation and course 
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completion through an online dashboard. Faculty resources are housed on the PIMR website and 
include an article archive, intake forms, handouts, and patient education materials. Linked access is 
provided to the Natural Medicines Database. 

Evaluation of the PIMR program’s curriculum is embedded into the website, organized into four 
components: (1) medical knowledge test and self-assessment; (2) course completion rates;  
(3) curriculum evaluation; and, (4) assessment of resident wellbeing and wellness behaviors. Both 
quantitative and qualitative methods are used. The University of Arizona Institutional Review Board 
(IRB) approved the study, as did required pilot site IRBs. 

Table 1. Pediatric Integrative Medicine in Residency (PIMR) curriculum content. 

Core Content No. Hours 
Introduction to Integrative Medicine 3 
Introduction to Integrative Medicine 1 

Medical Informatics 2 
Self-Care 7 

Introduction to Self-Care 1 
Burnout & Stress 1 

Mindfulness in Medicine 1 
The Anti-Inflammatory Diet 2 

Exercise & Sleep 1 
Self-Care Wrap-up 1 

Mind-Body 14 
Introduction to Integrative Mental Health 6 

Spirituality & Health Care 2 
Mind-Body Medicine in Practice 6 

Nutrition & Physical Activity 12 
Nutrition Fundamentals 6 
Nutrition Case Studies 5 

Physical Activity for Children 1 
Dietary Supplements 19 

Micronutrients & Supplements: An Introduction 1 
Vitamins & Minerals 7.5 

Common Dietary Supplements 6.5 
Botanical Foundations 4 

Whole Systems 13 
Whole Systems Introduction 5 

Manual Medicine 8 
Clinical Focus 32 

Motivational Interviewing 3 
Integrative Intake & Treatment Plan 3 

Integrative Pediatric Neurology 5 
Environmental Medicine: An Integrative Approach 6 

Immunizations 1 
Integrative Dermatology 4 

Integrative Respiratory Health 10 
TOTAL HOURS 100 
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2.2. Pilot Sites and Selection 

In 2012, five residency programs were selected to participate in a three-year project to implement 
and evaluate the PIMR program’s curriculum. Site inclusion criteria included endorsement by the 
Department Chair and Residency Director, and agreement to deliver the entire 100-hour curriculum 
to all residents over three years. Pilot sites include four university affiliated or based residencies and 
one community hospital residency. Sites vary in annual class size from 9 to 28 residents. 

2.3. Measures 

The following measures were used to assess program capacity to implement the curriculum and 
resident interest and readiness to learn about IM: 

A. Site Capacity to Implement the PIMR Program: Pilot Site Characteristics. Within the first 
year of the PIMR program’s implementation, program leaders at each site completed an 11-item 
checklist assessing infrastructure characteristics supportive of PIMR implementation. Characteristics 
include an established IM culture, faculty background in IM, and site activities supporting the  
PIMR curriculum. 

B. Resident Interest in and Readiness for IM Training. Resident interest in and readiness for 
learning IM was assessed with three measures: (1) An eight-item post-match survey assessing prior 
IM/CAM (complementary alternative medicine) medical school coursework, personal use of 
IM/CAM, interest in learning IM, and interest in applying IM upon graduation. Items concerning 
prior IM experience were rated dichotomously (yes/no). Interest in learning and applying IM were 
rated on a 5-point scale; (2) A 32-item resident self-assessment questionnaire measuring confidence 
with IM knowledge and practice skills and ability to provide an IM approach to specific medical 
conditions. Items were rated on a 5-point scale from strongly disagree to strongly agree; and, (3) A 
49-item medical knowledge test based on course content. 

3. Results and Discussion 

3.1. A. Site Capacity to Implement the PIMR Program: Pilot Site Characteristics 

Four of five sites had the two most commonly found site readiness characteristics: an IM 
practitioner working onsite (IM culture), and faculty with IM training and resources. Sites varied in 
overall capacity to implement the PIMR program, ranging from endorsing only 1 characteristic  
(site E) to endorsing 8 (of the possible 11) characteristics (site C). See Table 2. 

3.2. B. Resident Interest in and Readiness for IM Training 

Sample. Of the 107 incoming class of 2016 residents, 97 completed the post-match, self-assessment, 
and/or medical knowledge measures (91% response rate). Of these, 75% were female, 68% were 
Caucasian, and 5% were Hispanic. Most were US medical school graduates (77%), 7% were 
osteopathic medical school graduates, and 16% were foreign medical school graduates. 
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Post-match Survey. The survey was completed prior to the July 1 start date. Less than one-third 
had IM/CAM coursework in medical school or personal experience with IM/CAM modalities.  
Sixty-six percent were interested in learning IM and 71% indicated interest in applying IM after 
graduation. See Table 3. 

Table 2. Site characteristics by PIMR pilot site—baseline assessment. 

Site Site A Site B Site C Site D Site E # Sites % Sites 
Faculty practicing IM consultation in 

the residency 
  X X  2 40% 

IM consultation available on site   X X  2 40% 
Other practitioners working on site X X X X  4 80% 

MD and DO accredited residency, with 
osteopathic manipulation teaching  

on site 
 X    1 20% 

IM fellowship available   X  X 2 40% 
IM Culture Site Total 1 2 4 3 1 N/A N/A 

Faculty leader fellowship trained? X X X X  4 80% 
Faculty leader with designated time to 

work on IM teaching 
X X X X  4 80% 

Faculty Characteristics Site Total 2 2 2 2 0 N/A N/A 
Other IM teaching, rotation (1 month,  

1–2 weeks), IM electives 
  X X  2 40% 

Case conferences monthly      0 0% 
IM Retreats       0 0% 

Support for residents applying 
knowledge in the clinic 

  X X  2 40% 

Additional IM Activities Site Total 0 0 2 2 0 N/A N/A 

Table 3. Postmatch survey results—N = 95 responding. 

Item N Percent Mean ±SD 
IM/CAM Experience    

Required IM/CAM coursework in medical school—N/% Yes  28.7% N/A 
IM/CAM electives in medical school—N/% Yes  25.5% N/A 

Personal Use of IM/CAM therapies or visits with IM/CAM providers—N/% 
Yes 

 30.9% N/A 

Interest in IM in Residency/Practice    
Interest in learning IM in residency—N/% Interested/Very Interested  66.0% 3.7 ± 1.2 

Interest in applying IM in practice after residency—N/% Interested/Very 
Interested 

 71.3% 3.7 ± 1.2 

Self-Assessment. The highest rated knowledge/skills items concerned: patient behavior change, 
familiarity with diets targeting cardiovascular disease, and physical activity recommendations. The 
lowest rated knowledge/skills items concerned dietary supplements and whole systems medicine. 
The ability to apply an integrative approach to medical conditions was highest for sleep, depression, 
and migraines, and lowest for rheumatoid arthritis, hyperlipidemia, and Type II Diabetes. See Table 4. 
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Table 4. Self-assessment of IM knowledge and skills/applying IM approach to medical 
conditions—means, standard deviations, and percent endorsing (Items are presented from 
highest to lowest mean rating) N = 91. 

Item Mean SD % Agree/ 
Strongly Agree 

Knowledge/Skills    
I know how to assess a patient's readiness to change behavior. 3.31 0.77 48.6% 

I know how to facilitate a patient's efforts at changing behaviors. 3.22 0.75 45.0% 
I know the fundamental components of the Mediterranean and 

DASH diets as they relate to reduce risk of cardiovascular disease. 3.12 1.03 40.4% 

I am aware of the different physical activity recommendations for 
children and adolescents. 3.03 0.84 38.5% 

I can identify areas in my clinical setting that could be enhanced to 
promote wellbeing and healing. 2.93 1.07 35.8% 

I know what the fundamental tenets of Integrative Medicine are. 2.56 0.86 16.5% 
I feel competent in identifying nutritional needs based on gender, 

age and special populations for health promotion and  
disease prevention. 

2.56 0.84 19.3% 

I know how to take a spiritual history. 2.41 0.85 14.7% 
I know the science of different mind-body techniques such as 
meditation, mindfulness, guided imagery, and biofeedback. 2.34 0.91 12.8% 

I can identify the similarities and differences among the manual 
medicine modalities of massage, physical therapy,  

osteopathy and chiropractic. 
2.33 0.97 14.7% 

I can make recommendations in a patient-centered manner about 
an integrative treatment plan. 2.27 0.82 11.0% 

I can identify the different components of an integrative  
treatment plan. 2.24 0.77 9.2% 

I can identify the elements of an Integrative Patient intake. 2.23 0.79 7.3% 
I know how to engage patients to assess mind-body interactions 

and their effects on health and wellness. 2.22 0.83 10.1% 

I know the different theoretical and philosophical principles of 
Traditional Chinese Medicine (TCM), Ayurvedic Medicine, 

homeopathy, and Naturopathy. 
1.91 0.92 7.3% 

I know how to interpret the labels on herbal medicines. 1.89 0.83 4.6% 
I can identify authoritative sources about botanicals. 1.87 0.80 4.6% 

I know how to recommend botanicals to patients  
appropriately and safely. 1.67 0.67 0.9% 

Medical Conditions    
Sleep disorders 2.70 1.04 28.4% 

Depression 2.69 1.05 26.9% 
Migraine Headaches 2.54 1.02 26.6% 

Obesity 2.47 0.93 19.4% 
Allergies 2.43 0.94 20.2% 

Menstrual disorders 2.38 0.98 15.6% 
ADHD 2.37 0.97 20.4% 
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Table 4. Cont. 

Item Mean SD 
% Agree/ 

Strongly Agree 
Irritable Bowel Syndrome 2.37 1.01 15.6% 

Asthma 2.34 0.90 12.8% 
Eating Disorder 2.32 0.90 11.0% 

Metabolic Syndrome 2.31 0.91 12.8% 
Diabetes Mellitus type II 2.30 0.91 13.8% 

Hyperlipidemia 2.30 0.91 13.8% 
Rheumatoid arthritis 2.19 0.86 9.2% 

Medical Knowledge. The average medical knowledge score was 51.3%, ranging from 35% to 78% (n = 76). 

4. Discussion 

Integrative medicine offers a powerful approach to a healthy lifestyle and can expand treatment 
options in children and adolescents. Use of complementary therapies is high in children, especially 
those living with chronic illnesses [12]. Pediatricians desire education about pediatric integrative 
medicine, yet few educational resources exist. The PIMR program was designed to fill this educational 
gap. Embedded into conventional training, it prepares pediatric residents to better serve the needs of  
their patients. 

Preliminary results indicate that the PIMR curriculum targets identified knowledge gaps. The  
self-assessment and medical knowledge measures confirm the need for residents to receive exposure 
to this information. For example, few had awareness of IM approaches to common pediatric 
diagnoses such as asthma, attention deficit hyperactivity disorder, or migraine headaches.  
Self-assessment items specific to IM, such as knowledge of dietary supplements, received lower 
ratings, while more conventional topics, e.g., patient readiness to change, received higher ratings. 
Less than one-third had prior education or personal experience in IM. While deficits in skills and 
knowledge in IM would be expected upon starting residency, administration of the self-assessment 
and medical knowledge measures annually will allow us to track growing mastery of the curriculum 
content and identify content areas needing refinement. 

Program implementation relies on the ability of residency programs to deliver IM education and 
to create a culture supportive of IM. Our initial site survey identified faculty background in IM and 
presence of affiliated IM practitioners as strengths across the sites. Further development is needed to 
support onsite IM educational activities. Site characteristics will be assessed annually to track 
evolution of the PIMR program’s implementation and to identify characteristics associated with 
curriculum completion. Evaluation of the IMR program in family medicine to date indicates that the 
best predictors of successful program implementation are requiring program completion for 
graduation and including a greater number of onsite IM activities [11]. 

5. Conclusions 

Success of the PIMR program will likely depend on residents’ openness, interest, and readiness 
for IM training. In our survey, two-thirds of the residents expressed an interest in IM, and almost  
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three-fourths were interested in applying IM after graduation. These findings, coupled with the  
self-assessment and medical knowledge results, suggest pediatric residents are interested, yet 
unschooled in IM when entering residency. The PIMR program provides a flexible, online 
curriculum that may satisfy resident interest and fill this knowledge gap. Evaluation of the curriculum 
is ongoing, and content will be refined in subsequent years to address identified learning gaps and 
feedback by participating residents and faculty. 
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