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CALENDAR OF EVENTS
FOR ALL AVAILABLE SEMINARS .....VISIT OUR WEBSITE ..... WWW.PROHEALTHSEMINARS.COM
December  6 - 7, 2014 Sess # 1017-18 (Kansas City, MO)
Allergies, Sensitivities and Autoimmune Response
Instructor: Robert Kessinger, DC DABCI

December 13 - 14, 2014 Session # 1011 (St. Louis, MO)
Pharmacognosy
Instructor: Dan Richardson, PhD

January 3 - 4, 2015 Session # 1015 (Orlando, FL)
Geriatrics and Mental Health
Instructor: Rick Davis, DC DABCI

January 10 - 11, 2015 Session # 1027A (Kansas City, MO)
Endocrinology Clinical Application
Instructor: Robert Kessinger, DC DABCI

January 17, 2015 DOT (Kansas City, MO)
DOT Medical Examiner
Instructor: Chris Murray DC, DABCI

January 24 - 25, 2015 Session # 1028 (St. Louis, MO)
Pharma Reactions 
Instructor: Dan Richardson, PhD

February 6 - 9, 2015 Session # 1004-5 (NUHS) *EDITED
Pelvic Classroom & Workshop 
Instructor: Cindy Howard, DC DABCI

February 14 - 15, 2015 Session # 1009 (Kansas City, MO)
Cardiovascular Disease
Instructor: Darren Kirchner, DC ND DABCI

February 14 - 15, 2015 Session # 1013 (Orlando, FL)
Pediatrics 
Instructor: Cindy Howard, DC DABCI

March 7 - 8, 2015 Session # 1030 (Orlando, FL)
Dermatology
Instructor: Jonathan Williams, DC DABCI
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Parmacognosy - Utilizing Botanicals in Functional Practice
Instructor: Dan Richardson, PhD

March 14 - 15, 2015 Session # 1015 (St. Louis, MO)
Geriatrics and Mental Health
Instructor: Rick Davis, DC DABCI

March 14 - 15, 2015 Session # 1001 (Denver, CO)
Foundations of Chiropractic Family Practice
Instructor: Robert Kessinger, DC DABCI
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Instructor: Darren Kirchner, DC ND DABCI
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Instructor: Robert Kessinger, DC DABCI

April 18 - 19, 2015 Session # 1013 (St. Louis, MO)
Pediatrics 
Instructor: Cindy Howard, DC DABCI

April 18 - 19, 2015 Session # 1002-03 (Denver, CO)
Patient Intake, History and Physical Exam 
Instructor: Darren Kirchner, DC, ND, DABCI

April 24 - 27, 2015 CDID Symposium (FL)

May 2 - 3, 2015 Session # 1007 (Kansas City, MO)
Additional Blood Tests and Tumor Markers
Instructor: Robert Kessinger, DC DABCI

May 16 - 17, 2015 Session # 1002-03 (Raleigh, NC)
Patient Intake, History and Physical Exam
Instructor: Darren Kirchner, DC ND DABCI

May 16 - 17, 2015 Session # 1006 (Denver, CO)
Natural Strategies in Laboratory Testing
Instructor: Robert Kessinger, DC DABCI

May 30-31, 2015 IV #4 (St. Louis, MO)
Session 4 -  IV Nutrition Proficiency Advanced Application
Instructor: Darren Kirchner, DC ND DABCI

June 6 - 7, 2015 Session # 1030 (St. Louis, MO)
Dermatology
Instructor: Jonathan Williams, DC DABCI

June 13 - 14, 2015 Session # 1016 (Kansas City, MO)
Detoxification and Diagnosis of Hepatic and Renal Systems
Instructor: Darren Kirchner, DC DABCI

June 20 - 21, 2015 Session # 1024-25 (Denver, CO)
Gastrointestinal Health and Protocols for a Healthy Gut
Instructor: Darren Kirchner, DC DABCI

June 27 - 28, 2015 Session # 1006  (Raleigh, NC)
Natural Strategies in Laboratory Testing
Instructor: Robert Kessinger, DC DABCI

July 11 - 12, 2015 Session # 1029 (Kansas City, MO)
Infectious Disease, Emergency Disorders
Instructor: Ben Bowers, DC DABCI

July 11 - 12, 2015 Session # 1024-25  (Raleigh, NC)
Gatrointestinal Health and Protocols for a Healthy Gut
Instructor: Darren Kirchner, DC ND DABCI

July 18 - 19, 2015 Session # 1022 (St. Louis, MO)
Neoplastic Disease and Cancer l
Instructor: Jeremy Thornton, DC DABCI

July 25 - 26, 2015 Session # 1017-18 (Denver, CO)
Allergies, Sensitivities and Autoimmune Response
Instructor: Robert Kessinger, DC DABCI

DON’T MISS THE 
FINAL GETAWAY

MARCH 27-29, 2015

Weekend 1 (1001)  FOUNDATIONS OF CHIROPRACTIC FAMILY PRACTICE / FUNCTIONAL MEDICINE                  Dr. Robert Kessinger 
   Clinical Pearls That Will Revolutionize Your Patient Management Holistic Approach In Patient Evaluation  
   Preventative Interpretation Of Diagnostic Laboratory Tests  Clinical Protocols For Common Conditions 
 

Weekend 2 (1002-03) PATIENT CONSULTATION AND EVALUATION                                               Dr. Darren Kirchner 
    Build Your Skills In Assessing Functional Problems & Identifying Condition Documentation &  Collation Of Findings 
    Rapid Comprehensive Physical Exam Protocols                   Motivational Interviewing For Increased Compliance     
 

Weekend 3 (1006)      FAMILY PRACTICE/ FUNCTIONAL MEDICINE BLOOD INTERPRETATION                      Dr. Robert Kessinger 
   Gain Patient Confidence & Acceptance Of Care                   Uncover Functional Basis Of Many Health Conditions 
   Report Of Findings Strategies For Patient Understanding                  Build Individual Nutritional Lifestyle Protocols    

Weekend 4 (1024-25) GASTROINTESTINAL HEALTH AND PROTOCOLS FOR A HEALTHY GUT                         Dr. Darren Kirchner 
    Understanding The Gut, Brain, Immune Interactions  Interpretation Of Digestion & Intestinal Testing 
    Detoxification & Purification Strategies    Reversal Protocols For Dysbiosis, Leaky Gut, GERD, etc. 
 

Weekend 5 (1017-18) AUTO  IMMMUNE  & IMMUNE DYSREGULATION SYNDROMES / ALLERGIES & SENSITIVITIES                   Dr. Robert Kessinger 
    Understanding Auto Immune Fundamentals Essential For Clinical Success        Brain-Gut Immune Axis 
    Individual Protocols For Balancing Immune Function                                             Allergies, Sensitivities & Lab Testing   
 

Weekend 6  (1009 )  CARDIOVASCULAR DISEASE                                                     Dr. Darren Kirchner 
   Diagnosis & Reversal Of Cardio Metabolic Syndrome  Advanced Cardiovascular Markers 
  10 Year Predictive Values For Stroke, MI, CHO   Clinical Treatment & Management Protocols 
 

Weekend 7 (1027A)  ENDOCRINOLOGY - CLINICAL APPLICATION FOR THE FAMILY PRACTITIONER                   Dr. Robert Kessinger 
  Navigate (With Confidence) Thyroid & Adrenal Dysfunction Full Of Clinical Pearls   
  Blood & Saliva Labs To Build Individual Patient Protocols  Case Studies That Put It All Together 
 

Weekend 8  (1011)    PHARMACOGNOSY - UTILIZING BOTANICALS IN A FUNCTIONAL PRACTICE                       Dr.  Dan Richardson 
   Classification Of Healing Herbs    Targeting Actions For Maximum Benefit 
   Choosing For Clinical Potency    Herbal Strategies For Common Conditions          

Weekend 9  (1008)   DIFFERENTIAL DIAGNOSIS INTERPRETATION WORKSHOP                                        Dr. Darren Kirchner 
  Clinical Decisions: Case History To Selecting Testing  Clinical Decisions:  Test Results To Treatment Plan 
  Follow Up Testing & Actual Patient Outcomes   Review Of  All Diagnostic Testing Covered in Weekends 1-8 

DABCI – FIRST 100 HOURS 
Earn  your CCFP - 100 Hour Certification 
“Certified Chiropractic Family Physician” 

 

EACH SESSION OFFERS CLINICAL PROTOCOLS AND TOOLS NECESSARY FOR                        
A FUNCTIONAL MEDICINE PRIMARY CARE PRACTICE 

 

Current Locations  - www.prohealthseminars.com  
  St. Louis, MO  Kansas City, MO   Philadelphia, PA 
 Denver, CO  Raleigh, NC 

NEW LOCATIONS 

COMING SOON 

$395 per Weekend*  
if received 10 days prior to seminar 
 

$495 per Weekend*  
Less than 10 days out, or at the door 

573-341-8448 
Virginia or Annette 

Virginia@drkessinger.com 
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CERTIFICATION 
       

      Weekends 1-9 

*Every attempt is made to offer these seminars as publicized; however, we reserve the right to adjust seminar locations, dates, times, etc. due to circumstances beyond our   control. Program continuation 
is contingent upon adequate attendance. No audio or video tape recorders are allowed, and no portion of the seminar may be reproduced in any manner without expressed written consent. Pre-registration 
is required. Pro Health Seminars shall not be held responsible for any expenses incurred by registrar if a program must be altered and/or cancelled. Seminar fee is non-refundable. Credit cards will not be 
billed until we have the minimum number of attendees (20). If the Doctor is unable to attend after pre-registering and payment has been received, the seminar fee will be transferred to another Seminar 
(attended within 12 months of the original seminar) for an administration fee of $25. Any seminar fee not transferred and used within 12 months will be forfeited. 

  Dates ID #         Topics Instructor 
Weekend 1 August 9-10, 2014 1001        Foundations of Chiropractic Family Practice  Dr. Robert Kessinger 
Weekend 2 September 27-28, 2014 1002-03   Patient Consultation and Evaluation Dr. Darren Kirchner 
Weekend 3 October 11-12, 2014 1006        Natural Strategies in Laboratory Testing  Dr. Robert Kessinger 
Weekend 4 November 8-9, 2014 1024-25   Gastrointestinal Health and Protocols for a Healthy Gut  Dr. Darren Kirchner 
Weekend 5 December 6-7, 2014 1017-18    Allergies, Sensitivities and Autoimmune Response Dr. Robert Kessinger 
Weekend 6 January 10-11, 2015 1027A      Endocrinology Clinical Application Dr. Robert Kessinger 
Weekend 7 February 14-15, 2015 1009        Cardiovascular Disease Dr. Darren Kirchner 
Weekend 8 March 7-8, 2015 1011        Pharmacognosy - Utilizing Botanicals in a Foundational Practice Dr.  Dan Richardson 
Weekend 9 April 11-12, 2015 1008        Differential Diagnosis Interpretation Workshop Dr. Darren Kirchner 
Weekend 10 May 2-3, 2015 1007        Additional Blood tests and Tumor Markers Dr. Robert Kessinger 
Weekend 11 June 13-14, 2015 1016        Detoxification and Diagnosis of Hepatic and Renal Systems Dr. Darren Kirchner 
Weekend 12 July 11-12, 2015 1029        Infectious Disease, Emergency Disorders  Dr. Ben Bowers 
Weekend 13 August 8-9, 2015 1010        EKG & Phonocardiograph  Dr. Robert Kessinger 
Weekend 14 September 26-27, 2015 1019-20   Common Diseases Affecting the Arterial System  Dr. Jeremy Thornton 
Weekend 15 October 17-18, 2015 1014        Pulmonary Disease & Lung Function Dr. Robert Kessinger  
Weekend 16 November 14-15, 2015 1021        Diagnostic Training for Cardio-Respiratory Disorders Dr. Darren Kirchner 
Weekend 17 December 12-13, 2015 1015        Geriatrics and Mental Health Dr. Robert Kessinger 
Weekend 18 January 9-10, 2016 1013        Pediatrics  Dr. Delilah Anderson 
Weekend 19 February 6-7, 2016 1030        Dermatology Dr. Jonathan Williams 
Weekend 20 March 12-13, 2016 1028        Pharma Reactions Dr. Dan Richardson 
Weekend 21 April 9-10, 2016 1027B      Advanced Endocrinology  Dr. Brandon Lundell 
Weekend 22 May 14-15, 2016 1022        Neoplastic Disease and Cancer I Dr. Jeremy Thornton 
Weekend 23 June 11-12, 2016 1023        Neoplastic Disease & Cancer II  Dr. Darren Kirchner 
Weekend 24-5 July 16-17, 2016 1004-05   Pelvic Classroom and Workshop   Dr. Cindy  Howard 
Weekend 26 August 13-14, 2016 1026        Review of Systems, History and Physical Exam  Dr. Robert Kessinger 

Location: 
 

Holiday Inn KCI Airport 
& KCI Expo Center 
11728 NW Ambassador 
Dr 
Kansas City, MO 64153 
816-801-8400 
 
Special Room Rates  
Available:  
 

Ask for Chiropractic  
Family Practice 

Hours: 
 
12 Hour Weekends  
Saturday  9:00 am to 6:00 pm 
Sunday 9:00 am to 1:00 pm 
 

For NUHS Campus 
Weekend, contact  
Dr. Cindy Howard   
708-479-0020. 
 
 
 

Times may be adjusted upon 
discretion of instructor 

Send Registration to: 
 
ProHealth Seminars 
720 Oak Knoll Road 
Rolla, MO 65401 
 

Phone:  (573) 341-8448 
FAx:  (573) 341-8494 
virginia@drkessinger.com or 
annette@drkessinger.com 
 
 
Checks payable to: 
ProHealth Seminars 
 

 

Registration Information: 
 
$395 per Weekend*  
if received 10 days prior to seminar 
 
$495 per Weekend*  
Less than 10 days out, or at the door 
 
Chiropractic Students* 
$199 per 12 Hours 
 
* Special Pricing for NUHS Campus 
Weekend, contact Dr. Cindy Howard   
708-479-0020. 
 
 

KANSAS CITY DABCI 
300 HOUR DIPLOMATE 
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What Happened To Common Sense? 

About the time I begin to think access to the internet has 
made the average person question their health advice from 
their primary care physician, “just because they said so”,  
I hear another story of total commitment by the patient to 
whatever advice is given - without reservation.

A lady called our clinic recently who was feeling a little 
shaky on her health care. She was treated for breast 
cancer two years ago and told she is now cancer free 
(although she is still on cancer drugs!).  Unfortunately, 
her doctor told her that the cancer drugs had affected her 
liver.  A liver biopsy was performed and she now has a 
“tendency toward“ autoimmune compromised hepatitis.  
Her physician now has her on auto immune suppressors 
to keep the looming threat of hepatitis at bay.  At this 
point my curious thinking is wondering……. If a patient 
suppresses their immune system, don’t you think they 
have a much larger chance of cancer rearing its ugly head 
again?

Before we finished our conversation, this lady shared 
with me that she had a heart attack two weeks ago.  This 
happened the day after her medications were changed!  
She said she asked her doctor if the meds could have 
caused the heart problems (since she had read the side 
effects and that were listed).  Her physician told her the 
medications were not to blame, so she is now baffled.  

She is a 50 year old woman with no previous indications 
of cardiovascular problems.  She is in a quandary about 
having a heart attack!  I am thinking it is possible, but 
certainly not probable.  Hello...!

I remember a patient coming into our clinic who was 
on statin drugs to lower his cholesterol. After ordering  
bloodwork and seeing the cholesterol to be around 100, Dr. 
Kessinger advised the patient to return to his prescribing 
doctor with the blood values and ask about cutting back on 
the statins.  The patient followed Dr. Kessingers advice, 
but returned to our clinic more confused than ever. His 
prescribing physician told him that he wouldn’t be happy 
until the cholesterol value was at ZERO.  That has to be 
the worst case of incompetency I can remember. WE can 
do better! 

It amazes me how the average person will follow 
medical advice even though it does not sound logical; 
some people would eat dirt pies three times daily if their 
doctor prescribes it.  I understand that they are trusting 
of all doctors and feel compelled to follow directions.  
Sometimes it would make better sense for folks to ask 
questions, research their options and get second opinions.  

The internet is a double edged sword!  When patients try 
to doctor themselves, they are not always good at it!  They 
have to realize that, just because someone wrote a book 
(or an article), it does not make it true.  I tell patients to 
look to the end of articles to be sure they are properly 
researched, do they have credible references, and were the 
studies backed by science or self-interest groups?

I believe the most important job an alternative care 
physician has is educating patients to be thinkers.  If 
something sounds wrong, it probably could be. u

From the Editors Desk
by: Virginia Kessinger
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Kansas City, MO 64153 
816-801-8400 
 
Special Room Rates  
Available:  
 

Ask for Chiropractic  
Family Practice 

Hours: 
 
12 Hour Weekends  
Saturday  9:00 am to 6:00 pm 
Sunday 9:00 am to 1:00 pm 
 

For NUHS Campus 
Weekend, contact  
Dr. Cindy Howard   
708-479-0020. 
 
 
 

Times may be adjusted upon 
discretion of instructor 

Send Registration to: 
 
ProHealth Seminars 
720 Oak Knoll Road 
Rolla, MO 65401 
 

Phone:  (573) 341-8448 
FAx:  (573) 341-8494 
virginia@drkessinger.com or 
annette@drkessinger.com 
 
 
Checks payable to: 
ProHealth Seminars 
 

 

Registration Information: 
 
$395 per Weekend*  
if received 10 days prior to seminar 
 
$495 per Weekend*  
Less than 10 days out, or at the door 
 
Chiropractic Students* 
$199 per 12 Hours 
 
* Special Pricing for NUHS Campus 
Weekend, contact Dr. Cindy Howard   
708-479-0020. 
 
 

KANSAS CITY DABCI 
300 HOUR DIPLOMATE 

The Legacy Continues
by: A. Jay Kessinger IV,  DC,  ND, DABCI

How to sustain, attain and maintain health in those we 
have the privilege to serve.

Healthcare has a lot to do with attitudes.  The attitude of 
the professional health care consumer and, also the atti-
tude of the provider as well.  Just as it’s a much easier 
job to sell someone a Cadillac if they are already in the 
market for one, it is not difficult to sell a person with an 
absolute desire to be healthy with a plan to sustain health 
(especially if they’ve been humbled by having to regain 
health). This may be likened to planting good seed in fer-
tile ground.  As for the provider, any job is better per-
formed by someone who not only has the desire and moti-
vation, but also the heart in attending to the duty at hand.  
I contemplate if this is not the reason that all beginning 
doctors need more than a placard hanging on a door post 
and an impending humongous debt to get a foothold into a 
successful practice.  It takes heart to be a great provider.  It 

takes the experience of satisfying that hungry heart before 
one can become a provider with ample endurance.

Motivation is necessary to do more than run amok on auto-
pilot.  Why do you want to be healthy? Is it so that you can 
be a part of your grandchildren’s life, a bigger part of your 
spouse’ life, a bigger part of your own life?  Regardless if 
it’s any combination of these or other reasons, there has 
to be a motivator to put the efforts necessary into being 
healthy as a priority of habit/auto-pilot into your life.  As 
Dr Cessna said, “if you fail to plan, your plan will fail.”  
Goals with accountability are necessary guide posts in any 
successful story.  This applies whether you’re the recipient 
or the provider of health care.

Individual history is important.  Where are they coming 
from and where are they right now?  Total assessment of 
the present strengths and weaknesses/normalities and ab-
normalities are crucial in the planning phase in construc-
tion of the physical structure. These assessments need to 
be made superficially/anatomically as-well-as internally/
via laboratory testing.  After the initial planning of patient 
care, action steps must be activated and maintained in order 
for positive changes and endurance to occur.

(Continued on page 201)
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The Myth
Gluten Sensitivity without Celiac Disease is a fad.

The Truth
Non-Celiac Gluten Sensitivity (NCGS) is not only real, 
but experts also tell us it is the most common (and non-
recognized) condition in the family of gluten-related 
disorders.

Recently, there has been a great deal of Internet chatter 
that gluten sensitivity, without celiac disease, is a fad 
and does not exist. This viral gobbledygook ramped 
up after a blogger commented on a study published 
in 2013 entitled, ‘No effects of gluten in patients with 
self-reported non-celiac gluten sensitivity after dietary 
reduction of fermentable, poorly absorbed, short-chain 
carbohydrates’.1

First, let’s address this study. The title itself would suggest 
that gluten has no effect on people who ‘report’ being 
gluten sensitive. So if you don’t read the study and just 
read the title, it is understandable how a simple mind 
could conceive that gluten has no effect on the body. But 
the reality is that the researchers were looking at people 
with irritable bowel syndrome (IBS).

If there ever was an example of ‘cherry picking’ the data, 
this is a classic.

• The authors omitted 60% of the potential participants 
from the study because they carried a DQ2 or DQ8 
gene, historically considered the celiac genes. 
However, roughly 35-40% of NCGS sufferers carry 
one or two of these genes with negative evidence 

of CD. Thus a significant number of subjects were 
omitted who may have demonstrated NCGS.

• Another critical issue is the authors omitted anyone 
with increased inflammation markers in their intestines 
(Marsh 1). Previous studies have demonstrated that ‘a 
substantial number of patients (about 40%) with NCGS 
will demonstrate a Marsh 1 level of inflammation’. 
Thus, another significant number of subjects were 
omitted who may have demonstrated NCGS.

• The patients included in this study were not 
complaining of NCGS, since they lacked the 
typical symptoms of this syndrome, represented by: 
headache, joint/muscle pain, numbness, skin rash, 
dermatitis, depression, foggy mind and so on. The 
only extra intestinal manifestations were fatigue and 
sleep abnormalities; so it is difficult to regard these 
subjects as suffering from NCGS.

• 7% of the study subjects DID respond to eliminating 
the gluten proteins from their food, yet the authors 
chose to say, “No Effect of Gluten…”

• 37% of the patients in their study DID have an 
elevated immune reaction (antibodies) to the gliadin 
peptide of gluten. This clearly suggests a sensitivity 
to the protein with the immune system response. The 
authors not only ignored this finding, they constructed 
a new definition of NCGS compared to the definition 
they used in their earlier paper. In 2011, they wrote, 
“NCGS has been defined as those without celiac 
disease but whose gastrointestinal symptoms improve 
on a gluten-free diet (GFD),”2 and they included 
those patients with an immune reaction and elevated 
antibodies to gliadin.

In 2013 they acknowledged that they’ve changed their 
minds and are rewriting the definition of NCGS to one 
that does not include an immune reaction. “We have 
difficulty with the suggestion that patients with evidence 
of immune activation in the duodenum should be included 
in a study of non-celiac gluten sensitivity (NCGS). (Our) 
definition of NCGS encompasses the exclusion of both 
celiac disease and immune responses to wheat proteins” 
— How convenient.

Surprisingly, the authors have published a new study and 
reversed their definition once again. In ‘Non-celiac gluten 
sensitivity: literature review’ they discovered that GI 
symptoms may not respond as quickly as other symptoms 
(brain fog, depression, etc...) to gluten withdrawal, and 
they now recognize antibodies to gliadin as a biomarker 
of NCGS. “Short-term exposure to gluten specifically 
induced current feelings of depression. Gluten-specific 
induction of gastrointestinal symptoms was not identified. 
Such findings might explain why patients with non-coeliac 
gluten sensitivity feel better on a gluten-free diet despite 
the continuation of gastrointestinal symptoms.”3

Also they reinserted anti-gliadin antibodies as a biomarker 
of NCGS, ‘Recent evidence shows that a positive test for 

GLUTEN 
SENSITIVITY 
WITHOUT 
CELIAC DISEASE - 
IS IT A FAD?

by: Dr. Thomas O’Bryan
DC, CCN, DACBN

(Continued on page 161)
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immunoglobulin G (IgG) anti-gliadin antibodies could be 
useful to identify NCGS patients’, and they demonstrate 
that.4 These are the same authors who, last year, said 
elevated anti-gliadin antibodies, an immune response, 
should not be included in the scope of NCGS.

Gluten-Related Disorders Irrefutably Exist
Two newly published papers put this question to rest.

In the first, Non-celiac gluten sensitivity: literature review.

‘It has been demonstrated that patients suffering from 
NCGS are a heterogeneous group, composed of several 
subgroups, each characterized by different pathogenesis, 
clinical history, and, probably, clinical course. NCGS 
diagnosis can be reached only by excluding celiac disease 
and wheat allergy. Recent evidence shows that a personal 
history of food allergy in infancy, coexistent atopy, positive 
for immunoglobulin G (IgG) anti-gliadin antibodies and 
flow cytometric basophil activation test, with wheat and 
duodenal and/or ileum-colon intraepithelial and lamina 
propria eosinophil counts, could be useful to identify 
NCGS patients.”

Then, along comes the Grandfather study; the Big 
Kahuna that asks and then answers the question about 
NCGS. Entitled, ‘An Italian prospective multi-center 
survey on patients suspected of having non-celiac gluten 
sensitivity’, this study was performed in 38 Italian centers 
(all recognized as referral centers of the Italian Health 
Ministry for the diagnosis of gluten-related disorders).5 Of 
these 38 centers: 27 were centers of adult gastroenterology, 
5 of internal medicine, 4 of pediatrics, and 2 of allergy. 
In total, 12,255 consecutively observed patients were 
clinically evaluated by the investigators, and underwent 
thorough diagnostic investigation, including blood tests 
and invasive procedures (when needed) in order to confirm 
or exclude NCGS and celiac disease.

During the 12 months of the prospective survey, the 38 
participating centers (of which only 4 were pediatric 
centers) identified 486 patients with NCGS. The large 
majority of patients reported more than two associated 
gastrointestinal or extra-intestinal symptoms. Of the 
gastrointestinal symptoms, the most frequent were 
bloating and abdominal pain, found in 87% and in 83%, 
respectively, of the patients with suspected NCGS. More 
than 50% of patients reported diarrhea, with the number 
of evacuations per day ranging from 3 to 10, while 27% 
had alternating bowel habits and 24% had constipation. 
After bloating and abdominal pain, epigastric pain 
was the most frequent symptom, being found in 52% 
of patients, followed with decreasing prevalence by; 
nausea, aerophagia, gastroesophageal reflux disease, and 
aphthous stomatitis. The most frequent extra-intestinal 
manifestations were tiredness and lack of well being, 
reported by 64% and 68%, respectively, of the enrolled 
subjects. In addition, a high prevalence of neuropsychiatric 
symptoms including headache (54%), anxiety (39%), 
‘foggy mind’ (38%), and arm/leg numbness (32%) were 
recorded. Other extra-intestinal manifestations emerging 
from the analysis of the survey responses were joint/

muscle pain resembling fibromyalgia (31%), weight loss 
(25%), anemia (due both to iron deficiency and low folic 
acid; 22%), depression (18%), dermatitis (18%) and skin 
rash (29%).

Conclusion
NCGS is a clinical entity with intestinal and extra-intestinal 
symptoms abounding. As much as we may wish we could 
ignore the findings, NCGS is real and can manifest in any 
tissue of the body.

References:
1. Gastroenterology. 2013 Aug;145(2):320-8.e1-3
2. Am J Gastroenterol Advance Online Publicaiton, 11 

January 2011
3. Aliment Pharmacol Ther. 2014 May;39(10):1104-12
4. J Am Coll Nut. 2014;33(1):39-54
5. BMC Med. 2014 May 23;12(1):85

About Dr. Tom O’Bryan:
Dr. Tom O’Bryan is an internationally recognized speaker 
and workshop leader specializing in the complications of 
Non-Celiac Gluten Sensitivity and Celiac Disease as they 
occur inside and outside of the intestines. He is the founder 
of www.theDr.com. He recently hosted the paradigm-
shifting ‘The Gluten Summit A Grain of Truth,’ bringing 
together 29 of the world’s experts on Celiac Disease and 
Non-Celiac Gluten Sensitivity at www.theglutensummit.
com. He will also be speaking at the Final Getaway in St. 
Louis, MO, March 27-29, 2015u
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GENETIC VARIANTS 
THAT SERIOUSLY 
IMPACT DIGESTION 
AND THE GUT BY 
CREATING 
HISTAMINE 
AND 
ZONULIN
by: Robert Miller, CTN

In my March, 2014 article on Methylation Pathways, 
we learned about the Methylation cycles, and how 
genetic variants can reduce methyl groups, folate and 
the methylation cycle. We explored how the DNA makes 
enzymes, and how genetic variants can impact the enzyme 
production, and consequently, the levels of folate, oxidants 
and antioxidants in the body. 

In the September 2014 issue, we explored how low BH4 
(tetrahydrobiopterin), NOS (Nitric Oxide Synthase) 
variants, variants in SOD (Superoxide Dismutase, a master 
anti-oxidant) and Glutathione can increase the dangerous 
oxidizing agent, Peroxynitrite, that we referred to as the, 
“Gorilla in the Room”, that we were often overlooking. 

As a continuation of this series, we are now going to learn 
how low methyl donors and variants in the DAO (diamine 
oxidase) enzymes can cause high histamine, and then, as 
a result, create the gut destroying molecule, zonulin. After 
you read and understand this article, you will have new 
tools to support your patients’ gut issues, which are often 
the root causes of many health concerns. 

I have been quite surprised at how many of my clients 
experience high histamine and zonulin, and the detrimental 
effect it has. Finally, we will explore natural remedies to 
reduce the histamine and zonulin and support the healing 
of the gut.

Histamine (The Other Gorilla In The Room)  
Image:
http://www.ninds.nih.
gov/ 

Just like Peroxynitrite, 
high levels of hist-
amine wreak havoc in 
our body.

Histamine is a bio-active chemical that acts as a signaling 
molecule for a variety of functions throughout the body. 
With the help of vitamin B6, the enzyme histidine 

decarboxylase (HDC) catalyzes the reaction that 
produces the biogenic amine histamine from the amino 
acid histidine. HDC is biosynthesized only when a cell 
needs to produce histamine, and then quickly degrades 
(Schwelberger).

Histamine wears a number of hats within the human body. 
It helps to regulate a variety of functions such as: immune 
response, digestion, inflammation, sexual function, blood 
pressure/vasodilation, muscle contraction, wakefulness, 
and neuromodulation. Each of these functions relies on 
which type of cell and which type of receptor it binds to.  
Found in highest concentrations in our skin, lungs, and 
GI tract, histamine is also found in smaller amounts in 
the brain and heart. In addition to being produced by our 
bodies, histamine is also found in the plants and animals 
that we eat, both naturally occurring and in dyes and 
preservatives found in processed products.

Best known for its role in allergic response, histamine acts 
to protect the body from potential disease-causing agents 
like bacteria: viruses and allergens. Most histamine in the 
body is produced and stored in mast cell granules in tissue 
or basophils that circulate in blood. When the immune 
system senses an antigen or “foreign invader,” histamine 
is released, signaling inflammation, in an attempt to fight 
it off.

After its release, histamine is naturally degraded by certain 
enzymes. Histamine intolerance (HIT) occurs when there 
is more circulating histamine in the body than can be 
effectively broken down by these enzymes (either because 
of enzyme deficiency or inhibition), creating symptoms 
throughout the body. It is difficult to distinguish between 
low enzyme levels and histamine excess, as they are two 
sides of the same coin.

The primary enzyme for the metabolism of histamine 
is di-amine oxidase (DAO) (Maintz & Novak, 2001), 
which degrades extracellular histamine through 
oxidative deamination (NCBI). DAO is formerly called 
histaminase. In addition to catabolizing endogenously 
released histamine, DAO in the gut also breaks down 
dietary histamine to prevent its uptake into the blood 
(Schwelberger). DAO is located in greatest amounts in 
the intestinal mucosa, thymus, and seminal vesicles. It 
also is produced in abundance during pregnancy in the 
placenta (Rangachari, 1992). 

Another enzyme, histamine-N-methyltransferase (HNMT, 
aka HMT) inactivates histamine only in the intracellular 
space of cells, through methylation. After histamine 
is methylated by HNMT, it is further metabolized by 
diamine oxidase or monoamine oxidase-B (MAO-B) 
(Maintz & Novak, 2001). HNMT is widely expressed in 
human tissues, with the highest amounts in the: jejunum, 
stomach, liver, lung, kidney, spleen, and brain (Joneja, 
2004). The International Society of DAO Deficiency 
states that “high histamine concentrations in the blood are 
related to DAO deficiencies, not HNMT” (International 
Society of DAO Deficiency, 2012). 

(Continued on next page)
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Recent research indicates that in tissues where both 
enzymes occur together, DAO tends to exhibit a histamine-
degrading capacity ten times higher than that of HNMT 
(Huertz, 2003).

Symptoms of High Histamine and Histamine Intolerance
Because histamine is released in various sites throughout 
the body, imbalances can manifest in a plethora of 
ways. Histamine intolerance is cumulative, unlike food 
sensitivities or allergies. The amount of histamine in the 
blood fluctuates depending on types of food consumed 
(rich in histamine and/or histamine liberating) and 
environmental factors that trigger histamine or block 
DAO activity. Symptoms occur when the level of 
histamine in the body exceeds what the body can clear, 
often indistinguishable from allergy (Joneja, 2004). A 
common comparison of histamine intolerance likens it to 
a bucket. Adding water (histamine) to a bucket (the body) 
will not create an overflow (presentation of symptoms) 
unless water levels have already accumulated to being 
nearly full.

Disease, various phases of the female cycle, various 
medications and physiological conditions are all factors 
that may affect tolerance threshold (Joneja, 2004). It has 
been speculated that tolerance levels may be of genetic 
origin (Joneja, 2004).

Symptoms of histamine intolerance include: diarrhea, 
hypotension, heart arrhythmia, headache, pruritus (Wöhrl, 
2004), hives, eczema, contact dermatitis, tissue swelling 
(especially of the oral and facial tissues), hypotension, 
anxiety, depression, irritability, inflammation, arthritis, 
asthma, nasal congestion/runny nose, heartburn, bloating, 
flatulence, fatigue and joint and muscle pain (Vickerstaff, 
2001). Interestingly, histamine creates an excessive 
amount of saliva. Lack of dental decay may be an indicator 
of histamine excess (Venza, 2006).

Depending on dosage, a common reaction triggered by 
histamine-rich food is a vascular headache caused mainly 
by nitric oxide (Thomsen, 2001). In addition to headache, 
gastrointestinal diseases like: Crohn’s disease, ulcerative 
colitis, food allergies, and colorectal neoplasmas are 

symptoms of elevated histamine/diminished DAO 
activities (Maintz & Novak, 2001).

Estrogen is pro-histamine, and there is a positive 
correlation between estrogen dominance and histamine 
status.

Some less-obvious histamine reactions have a latency 
period, such as sleep disturbance and anxiety. This is 
because high histamine levels cause the body to produce 
adrenaline (epinephrine) to increase blood pressure. This 
rise in adrenalin can produce anxiety and disturbances in 
sleep, which is the flipside of why anti-histamines can 
cause drowsiness by lowering histamine levels.

Histamine Levels That aAre Too High Can Stem From 
Different Causes And Can Elicit A Myriad Of Health 
Challenges.
Genetic variants in the genes that create DAO and HNMT 
can create decreased activity that hinders histamine 
metabolism. The gene responsible for synthesizing DAO 
is amiloride binding protein 1 (ABP1), also known as 
amine oxidase, copper containing 1 (AOC1). The HNMT 
gene codes for the HNMT enzyme. Diamine oxidase 
polymorphisms have been associated with inflammatory 
intestinal diseases, including food allergies, whereas low 
enzyme activity caused by HNMT polymorphisms has 
been associated with asthma (Maintz L. e., 2006).

Food and drink can cause histamine levels to elevate. 
There are foods that are naturally rich in histamine, like: 
meat, pickled foods, alcohol and aged cheeses, since 
histamine levels increase as food ages. 

There are also foods that signal the release of histamine, 
even if they don’t contain large amounts of histamine 
themselves. These are foods like citrus, chocolate, 
avocado, strawberries and tomatoes. 

Other factors that can cause elevated histamine levels are 
substances that inhibit the DAO enzyme. Alcohol, tea, 
and cocoa, along with various medications are known to 
block the effectiveness of DAO. 

(Continued on next page)

Abdominal Cramps Anaphylaxis Anxiety Arrhythmia/Accellerated 
Heart Rate

Bronchoconstriction Chest Pain Constipation Diarrhea
Difficulty Breathing/Asthma Dysmenorrhea/Abnormal Cycle Fatigue Headache/Migraine

Heartburn/Acid Reflux Hypertension Irritable Bowel Itchy/Watery Eyes
Inflammation Arthritis Depression Estrogen Dominance
Low Muscle Tone Changes in Body Temp Changes in Memory and 

Learning
Changes in Food Intake/
Satiety

Mast Cell Secretion Nasal Congestion/Runniness Nausea Pruritis
Rhinitis Skin Flushing/Itching Sleep Problems Sneezing
Throat Tightening Tissue Swelling (especially 

around the face)
Urticarial Vertigo/Dizziness

Symptoms of histamine intolerance 
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Histamine-Rich 
Foods

Histamine-Liberating 
Foods

Meat (especially smoked) Citrus
Pickled foods Chocolate
Alcohol Avocado
Aged cheeses Strawberries
Nuts (walnuts, cashews) Tomatoes

DAO Inhibitors
Alcohol
Tea (black, green, Mate)
Cocoa
Various medications

Another cause for high histamine/diminished DAO 
activity is poor gut function, because it is primarily made 
in the microvilli of the GI tract. Low levels of DAO 
correlate with poor mucosal integrity, which is associated 
with inflammatory conditions like: Crohn’s disease, 
ulcerative colitis and celiac disease. Also, bacteria in the 
gut are able to degrade histamine, but there are also strains 
that are histamine-producing. A healthy, balanced gut-
biome will ensure proper histamine degradation (Iannitti, 
2010) (Thomas, 2012). 

Histamine As A Neurotransmitter
Within the central nervous system, histamine performs as a 
neurotransmitter (Bowen, 2008). It is produced by neurons, 
mast and microglia cells in the adult brain (Rocha, 2014). 
The neuronal histaminergic system is involved in many 
physiological functions (Rocha, 2014) and modulates a 
number of important processes in the brain, including: 
the sleep-wake cycle, cognitive ability, consumption 
of food, pain perception, release of tears, sexual libido, 
and pituitary hormone secretion (Nuutinen, 2011). It also 
promotes hypothalamus release of serotonin, epinephrine 
and norepinephrine (Batmanghelidj, 1990). Histamine 
triggers melatonin production, which is necessary for 
fat metabolism (Super, 2003). The histaminergic system 
is severely affected in age-related neurodegenerative 
diseases (Rocha, 2014). Postmortem studies suggest 
alterations in this system in psychiatric and neurological 
diseases.

Although levels of histamine tolerance depend on 
numerous factors, a measurement of more than 70mcg/
dl indicates high serum histamine. High histamine levels 
have been linked to obsessive compulsive tendencies, 
depression, and headaches.  

Low histamine levels can contribute to paranoia, low 
libido, fatigue, seizures, and medication sensitivities 
(Batmanghelidj, 1990). Histamine is a stress regulator. 
Histamine deficiency can lead to higher levels of stress, 
increasing the body’s need for more histamine (Ghi, 
1992).

Growing evidence indicates that changes in the 
histaminergic system may be associated with the 

pathogenesis and progression of several neurogenerative 
diseases (Rocha, 2014). High levels are found in the 
brains of Parkinson’s disease patients, while levels were 
decreased in Alzheimer’s disease patients (Nuutinen, 
2011). Furthermore, Gilles de la Tourette syndrome, 
addictive behaviors, and multiple sclerosis are also 
associated with changes in histamine signaling (Panula, 
2013).

Brain injury, degeneration or infection, can alter the release 
of histamine (Nuutinen, 2011) indicating that histamine 
may play an important role in modulating neuronal 
survival (Rocha, 2014). Additionally, histamine is always 
present when inflammation occurs, and symptoms of 
inflammation are caused by excess histamine; this fact 
is true for the entire body, not just the brain. Rocha’s 
study demonstrated that histamine promotes the release 
of toxic inflammatory factors, including cytokines and 
nitric oxide, by microglial cells, which can be capable of 
damaging dopaminergic neurons. 

Studies have established that histamine, its synthesizing 
enzyme l-histidine decarboxylase (HDC) and histamine 
receptor are involved in disease states or experimental 
models of brain disease (Panula, 2013).

The Methylation/Histamine Relationship
There is an interesting inverse relationship between 
adequate methyl groups and histamine. 

Because methylation deactivates histamine (Van Kon-
ynenburg) by donating a methyl group, histamine is 
negatively correlated with methylation capability (Walsh, 
2012). SAMe, the universal methyl donor, is derived 
from methionine through methylation. When it receives 
a methyl group from SAMe, histamine is deactivated. 
Proper methylation ability is one factor that provides 
adequate levels of SAMe to keep histamine in check.

Adding to this, methylation cycle expert Dr. Amy Yasko 
states in chapter 2 of her book, Autism: Pathways to 
Recovery (Yasko, 2009), that histamines cause allergic 
reactions when they are released in response to antigens. 
Impaired methylation leads to abnormally high levels of 
histamine and increased allergic sensitivity, a correlation 
she frequently sees in children with autism.

Additionally, the late, renowned speaker and expert on 
methylation, Dr. Rich Van Konyenburg, states in a forum 
(PhoenixRising), “High histamine occurs in people who 
are getting folic acid as their main source of folate, but 
are not able to convert it readily to the active, chemically 
reduced forms of folate.” He attributes this inability to 
having inherited a variant in the DHFR (dihydrofolate 
reductase) gene that lowers the ability of DHFR to 
reduce dihydrofolate into tetrahydrofolate (BH4), which 
is essential for breaking down histidine, from which 
histamine is synthesized. The reason for this is because 
with a DHFR polymorphism, folic acid (the synthetic 
form of folate) is unable to be efficiently broken down 
for use by the body. Inactive folate competes with active 
forms of folate for absorption. So the problem of excess 

(Continued on page 167)
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histamine is not caused by too much folate, but not enough 
of the proper forms. Other polymorphisms that involve 
the folate cycle, such as MTHFR and FOLR, can affect 
histamine as well. Van Konyenburg further states that 
folic acid should be avoided by people that have elevated 
histamine.

If you suspect histamine intolerance, you may want to 
ask your patients if they experience any difficulties with 
histamine foods.

It Gets Worse!!!! Zonulin
What makes high histamine so insidious is that it often 
also creates a very damaging molecule called zonulin. 
When secreted by epithelial cells in the gut in response 
to a stimulus, zonulin triggers the tight junctions between 
the intestinal cells to open. These junctions are critical in 
protecting the body from foreign substances, ideally only 
opening to let nutrients pass through the intestinal wall. 
Zonulin causes these tight junctions to open and remain 
open longer than necessary, or indefinitely. This condition 
is referred to as gut permeability, or “leaky gut.” High 
plasma zonulin is associated with intestinal permeability 
(Klaus, 2013). Elevated zonulin levels have been shown 
to precede the onset of diabetes, autoimmune conditions 
and allergies, and therefore may be an early marker of 
disease processes (Sapone, 2006).

A positive-feedback loop exists with leaky gut and high 
serum levels of histamine (histadelia). This is because the 
body excretes watery mucous as a result of a histamine 
response, and the watery mucous causes the gut lining to 
become more weak and permeable to things like gluten. 
Leaky gut conditions deplete DAO, allowing a feed-
forward cycle of systemic inflammation. The opening 
of tight junctions can allow undigested proteins and 
perceived invaders into the blood, triggering an immune 
response as the body reacts each time the proteins appear. 
This may ultimately lead to autoimmune diseases, where 
the immune system is on such high alert that it is attacking 
anything that resembles these invaders, even the body’s 
own tissues. These toxins also overwhelm the liver’s 
ability to clear these substances, creating additional 
problems.

To make matters worse, these invaders may cross the blood-
brain barrier and wreak havoc on the nervous system. 
Histamine alone enhances BBB permeability (Daryl W. 
Hochman, 2012), and recent studies have reported that 
zonulin may affect the tight junction permeability of 
the blood-brain barrier (UMM, 2000).  There has been a 
correlation between an increase in zonulin expression and 
gliomas (Skardelly M, 2009).

The release of zonulin is activated by several mechanisms, 
most commonly from overgrowth of harmful organisms 
(bacteria, yeast, parasites) or food sensitivities, especially 
gluten (more specifically, a protein in gluten called gliadin) 
(Fasano, 2011). Gliadin causes zonulin levels to increase 
in people regardless of whether they have celiac disease or 
not (Fasano, 2011). Since certain types of “bad” bacteria 
in the gut make histamine from undigested food, a close 

relationship exists between histamine intolerance, SIBO 
and dysbiosis. Optimal levels of beneficial gut bacteria 
effectively clear histamine. When there is an overgrowth 
of harmful organisms, the intestinal microvilli that make 
diamine oxidase are compromised, affecting histamine 
degradation and causing us to be more sensitive to 
histamine. Antigens in the gut, and the resulting immune 
activation, creates more damage to the intestinal cells 
(enterocytes), compounding the inflammation and 
permeability. Additionally, damage to the microvilli 
affects absorption of nutrients, leading to deficiencies.

The key to downregulating the zonulin pathway is to re-
establish intestinal barrier function (Fasano, 2011). This 
can be done by increasing bacteria that promote gut health 
and by eliminating food derived triggers and things that 
feed the bad bacteria. DAO comes from microvilli. Things 
that cause villi atrophy cause decreased DAO activity. 
Rebuilding microvilli will help restore DAO production. 

Some of the bacteria known to assist in histamine 
degradation are many of the bifidobacteria species, 
Bifidobacterium infantis (found in breast milk), 
Bifidobacterium longum, as well as Lactobacillus 
rhamnosus, which may actually enhance the activity of 
anti-inflammatory agents.

Some strains of probiotics actually produce histamine, like 
Lactobacillus reuteri (Thomas C. M., 2012), Lactobacillus 
casei and Lactobacillus bulgaricus (Priyadarshani, 2011).  
These strains are commonly found in most yogurts and 
fermented foods.

When histamine levels are lowered, whether by increasing 
methyl groups by supporting methylation and SAMe 
production, eliminating histamine-rich and histamine-
liberating foods, or by increasing DAO, the inflammation 
of the gut lining is lowered as well.
  
Autoimmune 
Diseases

Diseases of the Nervous 
System

Celiac disease Multiple Sclerosis
Type 1 diabetes Schizophrenia
Rheumatoid arthritis Chronic inflammatory 

demyelinating polyneuropathyInflammatory bowel 
disease
Systemic lupus

 Cancers
 Brain gliomas  
 Breast Cancer  
 Lung adenocarcinoma
 Ovarian cancer  
 Pancreatic cancer

Pulling It All Together
As you now know, low folate caused by MTHFR and 
other methylation cycle variants is made worse when 
combined with DAO genetic variants. This will create 

(Continued on next page)
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elevated histamine and can cause any of the issues 
mentioned above.

Adding to the problem, histamine triggers the release 
of zonulin, which damages the gut, inhibiting DAO 
production. This creates the vicious cycle of histamine 
intolerance.

In addition to creating and being the result of severe 
gastrointestinal issues, zonulin also has the potential to be 
a cause or contributing factor to autoimmune disease.

Being able to look at genetic tests will allow you to 
determine if there are variants that: reduce folate, decrease 
DAO enzyme activity, create imbalances in beneficial gut 
bacteria and increase the likelihood of gluten sensitivity. 
These tests give insight to those troublesome gut issues 
like never before.

So What To Do!
Understanding that low methylation ability, and its 
association with low SAMe and methyl folate, can cause 
elevated histamine and the potential for high zonulin, 
gives the health practitioner powerful new methods to 
support their patients.

I suggest that whenever the patient discusses chronic 
digestive difficulties, allergies, or the other issues 
described in this article, you may want to investigate if 
high histamine and high zonulin are factors that need to 
be evaluated.

Dunwoody Labs, www.dunwoodylabs.com, offers a blood 
test for histamine and DAO. 

In addition, Doctors Data, www.doctorsdata.com offers 
a methylation plasma test that shows you methionine, 
SAMe, SAH, Homocysteine, Cysteine and Cystathionine. 
The SAMe levels will help you understand if they have 
adequate methyl groups, since SAMe is the major methyl 
donor.

I have found the inexpensive and accurate DNA tests 
from 23andme, www.23andme.com, to be extremely 
helpful in finding out if there are genetic variants that 
decrease methyl donors (FOLR, DHFR, MTHFR, MTRR 
and others), and genetic variants that may decrease DAO 
essential for breaking down histamine.

I am in the process of developing an online site that will 
allow you to upload the genetic data from 23andme and 
other DNA sources and get a detailed print out of the 
relevant variants. This online program  will estimate if 
methyl groups are low or high, and provide details about 
what you can do to create balance. For more information, 
e-mail me at rmiller@tolhealth.com.

If histamine, zonulin and low folate levels have damaged 
the gut, this must be the first priority. This may include 
soothing and healing nutrients for the gastrointestinal 
lining, removing inflammatory foods (especially gluten), 
and reducing inflammation in the gastrointestinal tract.

Some suggestions are:
Coconut oil - antimicrobial and antifungal
Omega 3’s for inflammation

Colostrum contains immunoglobulins and other 
compounds that can promote tissue repair and improve 
immunity.  Products containing immunoglobulins close 
tight junctions and quickly begin to heal leaky gut, which 
can counteract the effects of zonulin.  

Beneficial bacteria are critical for immune function and 
gastrointestinal health. Probiotics promote a healthy 
microbiome and strengthen the epithelial cells.

Traditional  herbal remedies such as aloe, degly-
cyrrhizinated licorice (DGL), slippery elm, or 
marshmallow, are known to help heal the gastrointestinal 
lining. Aloe vera provides mast cell stabilization 
and antioxidant effects. DGL, slippery elm bark and 
marshmallow root provide soothing relief, improve the 
quality of mucus, and heal the digestive tract.

When there are methyl folate issues, supplementation 
with methyl folate may be helpful, as well as methylcobal-
amin for B12. TMG can also be helpful if the individual 
has the BHMT genetic variant and has a difficult time 
converting homocysteine into methionine.

Nettle Leaf and Vitamin C may be very helpful in 
reducing histamine, while the combination of bromelain 
and quercetin may help with the associated inflammation.
Diamine Oxidase enzyme supplement – For individuals 
with the DAO variant (or anyone with excess histamine), 
taking the DAO enzyme with meals and especially with 
foods containing histamine may be quite helpful.

Taken orally, it may help degrade histamine from food and 
balance histamine/DAO ratio. By lowering histamine, and 
consequently inflammation, the GI tract can heal, which 
allows for endogenous production of DAO.

To learn more about the genetic variants, please visit www.
gettoknowyourdna.com. In coming months, there will be 
video lessons on each of the genetic variants, including 
the DAO and other variants related to histamine. 

In future articles, we will explore in more detail, the FUT2 
gene that impacts B12 Assimilation and the friendly 
bacteria, and the HLA gene that may predispose you to 
gluten intolerance. When these exist together, it can create 
serious gut issues, but with this new knowledge, you may 
have the tools to help even the most difficult cases. u
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Introduction
Diabetes is the leading cause of heart disease and stroke, 
as well as adult blindness, kidney failure and amputation 
not caused by trauma.1  Not only is diabetes the third most 
common cause of death in the United States, is becoming 
more evident that blood sugar management is one of the 
most important factors in dealing with the long term health 
of patients.  If you consider the role that sugar dysregulation 
plays in both heart disease and cancer (the top two causes 
of non-traumatic death), it becomes obvious that diabetes 
and non-diabetic sugar dysregulation are the #1 cause of 
disease and death in the United States. 

The public is widely mis-informed on nutrition, and 
many diabetics are not educated properly. In our clinic we 
see many patients who have been told that it’s ok to eat 

a cupcake as long as they adjust the amount of insulin 
taken to counteract the effects of that cupcake. This is not 
a healthy concept to adopt. Insulin is caustic to the body, 
and the amount of insulin the body is exposed to should 
be minimized.  This includes naturally occuring insulin 
that is created by the body in response to blood sugar, and 
injected insulin. The only effective way to manage this 
is to reduce the amount of insulin the body needs (i.e., 
reduce the amount of sugar in the blood).  This can be 
managed by proper diet and exercise, in many cases. 
Often, in addition to proper lifestyle, many people who 
wish to manage blood sugar naturally utilize nutritional 
supplements such as; berberine, cinnamon, chromium, 
vanadium and others.   

Before 2009, diagnosis of diabetes was traditionally 
determined by one of three tests; 3 

Fasting plasma glucose >=126 mg/dL 

Random plasma glucose >=200 mg/dL with 
symptoms of hyper-
glycemia (increased 
thirst, increased urination, 
unexplained weight loss)

2-hour plasma glucose >=200 mg/dL during an oral 
glucose tolerance test

More recently, hemoglobin A1C (HbA1c) testing is used 
to monitor and diagnose diabetes.2  This test is based on 
the attachment of glucose to hemoglobin. Since red blood 
cells are constantly being recycled, and the normal life 
of a red blood cell is about 3 months, this test determines 
the average blood glucose over the past three months. 

A STUDY TO 
DETERMINE THE 
EFFECTIVENESS 
OF BERBERINE HCl 
ON LOWERING 
HbA1c
by: Annette Copeland, CNHP, CNC, CHS

(Continued on next page)Hemoglobin A1C Test Results - Chart 1
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Currently, the HbA1C levels used to determine diabetes 
status are as follows: 
Normal below 5.7%

Pre-Diabetes 5.7-6.4%

Diabetes 6.5% or above*

 *A second test is required for confirmation if there are no 
other symptoms of diabetes.1,2  

Contraindications for using HbA1c for diabetes diagnosis 
are; anemia, heavy bleeding, very low iron, kidney failure 
or liver disease.1  

Berberine HCl
Berberine was noted to reduce blood sugar in 1988 when 
it was used to treat diarrhea in diabetic patients in China.4 

Since then, berberine, a component found in barberry, 
goldenseal, oregon grape, and other plants, has been 
used to reduce blood sugar in China.  In recent studies, 
berberine has been shown to reduce blood sugar, as well 
as metformin.5,6

Study
The purpose of this study is to determine the effectiveness 
of Berberine HCl in lowering HbA1c Levels.  The 
berberine hydrochloride supplement was provided by 
Biotics Research Corporation and was given to the 
patients who participated in the study.  Participants were 
instructed not to change their current eating or exercise 
habits.  The goal was to deternine the effectiveness of the 
berberine without making any lifestyle changes. The dose 
used for this study was two 500 mg capsules b.i.d. 

Each partcipant received a pre and post HbA1c laboratory 
blood test, and visited the office for follow up prior to 
disbursement of a new bottle of berberine. The duration 
of the study was determined to be 12 weeks due to the 
lifespan of the red blood cells which carry the hemoglobin.

No participants noted any health related changes during 
the study. One participant (DE) did notice that, while 
taking the berberine, she had loose stools, but not enough 
to cause any weight loss or other concerns. After stopping 
the berberine product, her stools returned to normal.  
Participant KS noted on week 9 that he had to reduce 
the amount of berberine he was taking to 1 capsule a 
day to maintian a normal blood sugar level. He was 
currently prescribed metformin, and his blood sugar was 
sometimes too low. Even though he had great results 
using the berberine, he was not interested in continuing 
the berberine after the study because his insurance paid 
for metformin.

Due to some personal issues, one participant discontinued 
the study at ten weeks, but his results did yield a 4% 
reduction in his HbA1c, even with the two week premature 
stop. All other participants continued for a minimum of 12 
weeks, with two of them continuing to 20 and 24 weeks. 
These two results fell in line with the other participants 
results.

Study Completion
Based on the data collected, the average percentage of 
reduction in HbA1c for the 8 participants who completed 
12-13 weeks was 7%.  (chart 2) If you include the 
participants who completed 20-24 weeks, the average 
was 8%.  (chart 3)
Chart 2
Percentage of Change 12 Weeks
ID# Lab 1 Lab 2 % change # Weeks
KS 6.1 5.8 5 12
CI 6.1 6.1 0 12
DE 7.7 7.0 9 12
BG 8.7 8.6 1 12
EB 7.8 6.6 15 12
MB 8.0 7.0 13 13
Average 7%

Chart 3
Percentage of Change 12 Weeks Plus
ID # Lab 1 Lab 2 %  change # Weeks
KS 6.1 5.8 5 12
CI 6.1 6.1 0 12
DE 7.7 7.0 9 12
BG 8.7 8.6 1 12
EB 7.8 6.6 15 12
MB 8.0 7.0 13 13
DB 8.5 7.4 13 20
PK 7.6 7.1 7 24
Average 8%

Based on the information collected from these participants, 
who did not change their lifestyle, it is evident that utilizing 
Berberine HCl in addition to a lifestyle modification 
program, which includes proper diet and exercise, will 
produce an increased reduction in blood sugar in most 
people.  
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FETAL 
EPIGENETICS: 
HOW IN UTERO 
AND EARLY-LIFE 
ENVIRONMENTAL 
INPUTS 
PROGRAM 
LIFE-LONG 
CHANGES

by: Brandon M. Lundell DC, APC, DABCI, IFMCP, Dipl. Ac, CAC

The purpose of this article is to bring awareness to the 
origins of disease and highlight ways to help prevent 
it when possible. The information below can be used 
to increase clinical awareness and inform effective 
interventions aimed at improving the health and lifetime 
potential of current and future generations.  

Introduction
The seeds of adult and childhood disease appear to be 
sown in utero and in infancy. The health (or lack thereof) 
that one is experiencing in the present moment may have 
more to do with the first nine months of that individual’s 
life than any other single factor. It may seem fairly 
straightforward that healthy mothers give rise to healthy 
offspring. However, it is becoming increasingly evident 
that the intra-uterine environment may have a unique and 
far greater impact on lifelong health than was previously 
understood. In fact, these in utero signals (or insults, 
depending upon the definition) can permanently alter 
gene function in ways that may last a lifetime.1 Increasing 
our understanding of this process is clinically important 
because as more is learned about the origins of adult 
disease, there are more opportunities to make simple and 
effective changes that have untold positive influences on 
the life-long health of the mother and child. It is important 
to consider the causes of disease throughout the whole 
life-cycle so that proper interventions may be offered 
that can prevent disease from ever gaining a foothold. 
Much emphasis has been placed on preventive medicine 
for the postnatal life of the adult and addressing factors 
such as diet and lifestyle. However, only recently has it 

become clear that prevention of disease means addressing 
the health of an individual even before that individual is 
conceived.

The mechanisms behind this critical window of human 
development have become elucidated with the current 
understanding of epigenetics – the science of how given 
a single genotype (inherited genes), many different 
phenotypes (function and expression of those genes) 
are possible without any change to the inherited gene 
sequence itself. To put it another way, when the exact same 
set of genes is nourished in two different environments, 
the result will be two very different sets of offspring 
characteristics. The gene set we inherit supplies a fixed 
number of possible phenotypes, whereas the environment 
within which those genes function determines which 
of these phenotypes will be expressed. These differing 
phenotypes have permanent consequences for the 
child’s lifetime endocrine, metabolic and cellular repair 
mechanisms. This process is termed developmental 
plasticity,2 which explains how a single genotype can give 
rise to a range of physiological and structural changes 
persisting throughout the lifetime. 

The totality of environmental influences on the child’s 
genetic and phenotypic make-up has recently been termed 
the fetal exposome..3 Not only do individual factors affect 
fetal development, but the maternal-fetal exposome acts 
synergistically to influence long-term health outcomes. 
For example, when a mother has a vitamin A deficiency, 
the effects of that deficiency are made worse by exposure 
to PDBEs (flame retardants, which are ubiquitous in our 
environment and exposure is universal). It also works 
the other way, where the detrimental effects to the fetus 
of exposure to pollutants can be alleviated if maternal 
nutrient status is improved.4,5 

The development of an individual’s phenotype happens 
first and foremost in the womb. It makes sense from 
an evolutionary standpoint that potent modifications in 
our genome happen in the uterine environment so as to 
give the child the best possible chance of survival given 
certain environmental conditions. Many of these plastic 
responses are beneficial to the offspring. However, many 
end up being detrimental because the phenotype-induced 
changes do not match the post-natal environment.2,6,7 

This “mismatch” will be explored later and may be one 
of the most important causes of detrimental outcomes 
to offspring. The most well-studied example of this 
mismatch involves a restricted fetal environment, as is 
the case of many pregnancies, which causes the baby to 
be born low birth weight.  Subsequently, when the post-
natal environment involves excess macronutrients, this 
leads to rapid catch-up growth in the first few months or 
years of life. This mismatch leaves undeniable scars on 
the lifelong metabolism of the child.

Environmental factors, such as low oxygen levels, produce 
changes in the uterine environment which drive non-
genetic organ development, such as: brain, heart, lungs, 
mitochondria and kidney.8,9,10,11 These gene-independent 
influences involve alterations in cell organization, 

(Continued on next page)
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cell differentiation, and alter the number of cells in a 
particular organ (Figure 1). These gene-independent 
responses are also part of our developmental plasticity,6,7 
and have lifelong consequences including elevated blood 
pressure and increased risk of cardiovascular disease.12 

Even merely suboptimal levels of nutrition or minor 
perturbations in maternal physiology can have heretofore 
unknown detrimental effects on the lifetime health and 
susceptibility to disease of the child by changing the 
structure, function and future reserve of a given organ. 
Together, these genetic and epigenetic influences on 
the developing fetus are collectively known as the 
“developmental origins of health and disease (DOHD).”13 

Figure 1
Figure 1. Fetal plasticity. Maternal stress, exposure to 
environmental toxins, and nutritional deficiencies make 
up a significant portion of the fetal exposome and drive 
epigenetic expression and organogenesis. Fetal plasticity 
is modified through a) altered cell number and size 
given nutrient or oxygen deprivation, b) changes in gene 
expression through altered methylation and acetylation, c) 
cellular and metabolic function such as neurotransmitter 
expression and adipose leptin secretion. All of these 
changes have lasting effects on the child’s lifelong organ 
function, metabolism and later susceptibility to disease.

Today, the drastic rise in childhood disorders such as 
autism, AD(H)D, asthma, obesity, autoimmunity, diabetes 
and more, may be the biggest challenge we face as a 
society. The untold economic and emotional burden that 
health-challenged offspring present to immediate family 
as well as to society are just now starting to be fully 
understood. Understanding the origins of such disorders 
may prove invaluable in the prevention and mitigation 
of these devastating trends. Acting now to change 
public awareness and increase individuals’ motivation to 
become healthy before pregnancy may prove to be one of 

the most economic and effective solutions in turning the 
tide of disease and dysfunction in childhood and even into 
old age. While most diseases require additional post-natal 
inputs (poor diet, continued toxic exposure, micronutrient 
deficiency, etc.), finding and modifying the initial 
disturbances (in utero) is proving capable of reducing 
the risk of future illness.14   

This article offers a review of the current scientific research 
pertaining to certain aspects in the DOHD so that awareness 
may be increased among health care providers and the 
public. Through an informed public and practitioner base, 
this may motivate parental preconception changes that, 
as far as can be understood now, may have preventative 
and beneficial outcomes for current and future offspring. 
It is also important to understand the pathophysiology of 
disease, especially at its very origins, in order to develop 
more effective treatments for those already afflicted with 
illness. Clarifying epigenetic regulators and how to 
modify them will improve pregnancy outcomes and 
the ability to treat and prevent disorders that emerge 
much later in life, even as their origins begin very 
early in life.

Epigenetics
The literal meaning of epigenetics is the factors “above and 
beyond” the DNA code sequence which influence how a 
gene functions. Epigenetics can be defined as the study of 
heritable changes in gene expression that do not involve 
alterations in the DNA sequence.15 Epigenetics is the 
science of understanding how environmental (exogenous 
and endogenous) inputs impact gene functioning. 
The main epigenetic influence on gene functioning 
occurs through processes that affect methylation and 
acetylation pathways. Other factors involving micro 
and macro nutrient availability and xenobiotic inputs 
also influence how a gene functions, and these changes 
can be either temporary or permanent. This is important 
because for most childhood and adult diseases including 
autism spectrum disorders (ASD), the environment has 
as much, if not more, influence on the development of 
these neurological and physiological pathologies than the 
genotype.16 

Gene Function – A Brief Review
It is important to understand factors which affect gene 
function. This will help give the reader an understanding 
of how numerous inputs and stimuli during fetal 
development cause lasting changes in gene function. The 
following should provide a simple understanding of a 
very complex process. 

A gene ultimately codes for an end product which is 
usually a protein or enzyme which has an integral part in 
the structure or function of the cell. There are by current 
estimates 35,000 genes in a human genome. Most of 
the gene sequences are constantly wrapped in histone 
complexes and methyl groups and are therefore “turned 
off” or unreadable. A few genes are constantly turned 
“on,” usually those vital to cell functioning. Most genes 
are only turned on if environmental stimuli are received, 
such as when a hormone signals the DNA transcription 

(Continued on next page)
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factors to start “reading” the gene to make the end product. 
Many stimuli, such as hormones, will affect hundreds of 
genes at the same time, turning some on and some off. 
Estrogen, for example, may affect over 400 genes in a 
single cell, producing a multitude of actions within that 
cell.  In order for a protein/enzyme to be produced, the 
gene must undergo a process whereby: 
1. The histones unravel and the methyl groups 

surrounding that particular part of the gene move 
away. 

2. The gene can now be transcribed by DNA polymerase. 
3. mRNA can now come and “read” or transcribe the 

gene code.
4. The RNA is transferred out of the nucleus to the 

endoplasmic reticulum to be translated by ribosomes 
into a set of instructions for how to build a particular 
end product.17 

Epigenetics describes the changes to any part of this 
mechanism (usually methylation) which alters how 
a gene is read, how often it is read (if at all), and how 
the endoplasmic reticulum puts the protein together. 
This occurs often and ultimately allows our genes some 
flexibility in response to our environment.  As stated 
previously, many of the epigenetic changes are beneficial, 
while other are not so helpful and may lead to later disease 
states. Factors which alter this process in a negative 
way include xenobiotics, reactive oxygen species, 
hormonal imbalances, psychological stress, nutrient 
deficiencies, UV radiation and more (see Figure 2). 
Again, understanding these epigenetic influences provide 
therapeutic intervention loci.

It was once believed that genes mainly or solely 
determined the function of an organism. However, 

Figure 2.  Epigenetic 
influences across the lifespan. 

Various environmental inputs 
have lasting or permanent ef-
fects on gene function. This 
is different than development 
of single nucleotide polymor-
phisms (SNPs) which are per-
manent alterations in gene se-
quence, although many of the 
same factors causing epigenetic 
changes can also cause de novo 
SNPs. Epigenetic modulation 
occurs at the level of gene meth-
ylation, histone acetylation and/
or endoplasmic reticulum func-
tion which alters the amount and 
structure of the end product for 
which the gene is coding. Used 
with permission from Kanher-
kar RR , Bhatia-Dey N, and 
Csoka AB. Epigenetics across 
the human lifespan. Front. Cell 
Develop Bio. 2014 Sep; 2(49): 
1-19.

observations seemed to contradict this theory - such as 
why identical twins would often have very different health 
outcomes even when growing up in the same household. 
In fact, even in cases of genetically-linked diseases such 
as Type I diabetes, there is only a 30-50% correlation 
between same-sex genetically identical twins and lifetime 
prevalence of Type I Diabetes.18 This apparent puzzle is 
solved by understanding that while many diseases do show 
genetic predispositions and have genetic pre-requisites, 
it is environmental stimuli (or epigenetic control) 
that completes all necessary requirements for disease 
initiation and progression. Many of these environmental 
inputs induce permanent changes in our gene expression, 
while others may cause only temporary changes.19 It is 
beyond the scope of this article to expound upon each 
of these inputs and their effects. The references given 
can direct the reader to further information on this topic. 
Here, the focus is on critical periods of fetal development 
and the most detrimental known factors which affect the 
imprinting and permanent memory of fetal genetics. 

Difference Between Snps And Epigenetics And How 
They Interact To Produce Genetic Plasticity
It is important to make a distinction between a single 
nucleotide polymorphism (SNP) and epigenetic alter-
ations. While the two influence each other, they are 
inherently separate mechanisms which affect gene 
function. SNPs are not in and of themselves an epigenetic 
factor, but they may ultimately influence epigenetic 
factors.  A SNP is a change to the genetic sequence of 
nucleobases and occurs in one of two ways: 1) inherited 
by one or both of the parents (somatic), or 2) acquired 
(de novo) at some point in the lifespan. Mutations range 
in size from a single DNA building block (DNA base – 
SNP) to a large segment of a chromosome (chromosomal 

(Continued on next page)



178          THE ORIGINAL INTERNIST    DECEMBER 2014

Dutch Hunger Winter
 

Exposure to Famine
  

mutation). De novo mutations which happen in utero or 
very early in life help explain genetic disorders in which 
an affected child has developed a gene mutation in every 
cell, but has no family history of the disorder. In other 
words, the damage to the gene or chromosome happened 
after fertilization by epigenetic influences. It is estimated 
that an adult acquires de novo mutations at a rate of two 
SNPs per year, doubling the amount of SNPs every 16 
years.20 This is important for fetal development because 
as an individual ages, he/she acquires more de novo 
mutations which may be passed down to the offspring 
and have detrimental effects. This is one reason that older 
parents tend to have children with more developmental 
disorders and adult diseases. Statistically, the age of 
optimal offspring outcomes appear to be between the ages 
of 22-32 for the female and 21-40 for the male.45 However, 
the optimal age for reproduction varies according to 
lifestyle, nutrition, socio-economic and other factors. 

Some individuals are more susceptible to epigenetic 
modifications than others. Certain SNPs make it more 
likely that an individual will develop de novo mutations 
(SNPs) throughout their lifetime. This also makes the genes 
more “plastic” and susceptible to epigenetic modification. 
For example, SNPs which code for methylation, such as 
MTHFR, MTRR, COMT, BHMT, etc. will significantly 
change the methylation patterns in the DNA. This will, 
in turn, make it more likely that certain genes will either 
be read when they are not needed or not read when 
they are needed.21 If an offspring inherits or acquires 
significant mutations in this pathway, it may leave the 
genes abnormally methylated, meaning either hyper- or 
hypo-methylated. Interestingly, global hypo-methylation, 
as indicated by lab tests such as Homocysteine or SAM: 
SAH ratio, can actually produce regionally hyper-

methylated areas on the chromosomes, thus blocking 
RNA transcription.22  This may produce disease by not 
allowing the gene to be regulated properly and respond to 
environmental inputs. In addition, there may be acquired 
methylation deficits that are induced through nutrient 
deficiencies such as folate, B12, methionine, betaine, 
B6, B2, zinc, molybdenum and choline (methyldietary 
constituents).23 It is imperative to point out that one 
may have few to no SNPs which affect methylation, 
but if the individual is deficient in cofactors and 
methyl donors (B12, folate, etc.) he/she will have 
nutrient-deficient abnormal methylation with the 
same outcome as if many SNPs existed. Furthermore, 
many people, including mothers, have the compounded 
problem of both genetic (SNP) and acquired (suboptimal 
methyldietary nutrients) methylation deficiencies. 
Inadequate enzyme activities and imbalances of the 
methyldietary constituents may cause homocysteine 
and S-adenosylhomocysteine ac-cumulation.  Therefore, 
the addition or removal of methyl groups on DNA and 
histones are the primary mechanisms of changing the 
epigenetic landscape.24 Much focus has been put on the 
early life implications of altered methylation status, and 
this is discussed in more detail below. The essential 
point here is that SNPs and epigenetics are different 
mechanisms but they interact with one another. Certain 
SNPs, such as MTHFR, if positive, may not only have 
immediate consequences for gene function, but also leave 
that individual more susceptible to future SNP formation 
and altered gene function. 

Critical Windows in Fetal Development 
The ability to modify early life risk factors for later 
disease requires an understanding of timing of organ 
development. The first 1000 days of life, which includes 

  First Second Third 

First trimester
Glucose intolerance
Impaired insulin secretion
Hypertension
Atherogenic lipid profile
Altered blood coagulation
Obesity
Stress sensitivity
Coronary heart disease
Breast cancer
Schizophrenia
Anti-social behavior
Addiction

Second trimester
Glucose intolerance
Impaired insulin secretion
Hypertension
Impaired renal function
Obstructive airway disease

Third trimester
Glucose intolerance
Impaired insulin secretion
Hypertension

Figure 3 Postnatal consequences 
of the Dutch Hunger Winter.  This 
diagram details the postnatal conse-
quences of gestational specific ex-
posure to the starvation rations.  It 
is clear that exposure during the first 
trimester had the most severe effects.

(Continued on next page)
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gestation and the first two years of postnatal life, seems 
to be the period of the entire lifespan where most 
epigenetic changes occur. Organs undergo differing rates 
of rapid growth during fetal development which leave 
those organs highly susceptible to negative stimuli, such 
as deficient nutrient supply and oxygen delivery, which 
causes changes that are irreversible.25,26 If conditions 
are not optimal, there will be permanent changes in the 
structure and function of the organ.  Understanding these 
time-sensitive periods can have important implications 
as to when and how to optimize that particular organ’s 
development (as well as when to protect it from harmful 
inputs) in order to promote greater offspring success.  
Again, this may be independent of gene function (i.e. 
iron deficiency), or a consequence of gene function (e.g. 
methylation SNP).

Perhaps the earliest and most well-studied living example 
of human fetal epigenetics and long-term consequences 
for health pertains to the Dutch Hunger Winter of 1944-
1945 (Figure 3).27,28,29  The Dutch Hunger Winter has 
illuminated many associations with adult diseases and is 
especially valuable because it is a “natural” experiment 
which, for obvious ethical and moral reasons, is 
impossible to do on humans in a controlled environment. 
As can be seen in Figure 3, the extent and type of adult 

disease depended upon when the fetus was exposed to the 
famine. During that time, most women were restricted 
to less than 1000kcal/day for a period of about 8 -10 
months. Depending on when the child was conceived 
during that time, different organs and biological systems 
were affected. This aligns with current embryological 
evidence as to when certain organs begin formation 
and are therefore more susceptible to developmental 
changes. Figure 4 further highlights the critical windows 
of organ development and, in this case, when exposure 
to environmental pollution caused the most detrimental 
changes to particular organs.

Epigenetic Mismatch And Catch-Up Growth
What appears to be especially damaging is when the 
child is exposed to intrauterine nutrient and/or oxygen 
restriction, increased exposure to pollutants, and altered 
hormonal signals such as leptin – all of which are related to 
low birth weight. When in postnatal life the environment 
switches to a macronutrient excess, this shift overwhelms 
the child’s epigenetic changes that were caused by the 
inadequate uterine environment. This is known as the 
thrifty gene hypothesis,31,32,33 and leaves the offspring 
engaged in a lifelong struggle with metabolic processes 
that are not fit for current conditions. This often manifests 
as accelerated “catch-up growth” seen in low birth weight 

Figure 4. Critical windows 
and developmental mile-
stones of organogenesis in 
the embryo and fetus. 
Most organs begin 
development in the first 
8 weeks of life, which 
represents perhaps the most 
critical of all the windows 
in organogenesis. This 
graph also illustrates the 
complications that arise 
from air pollution exposure 
and timing of that exposure. 
Ritz B, Willhelm M. Air 
Pollution Impacts on 
Infants and Children. UCLA 
Institute of the Environment. 
2008. Accessed November 
2014 from http://www.
e n v i r o n m e n t . u c l a . e d u /
media/files/air-pollution-
impacts.pdf).30
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(LBW) or small for gestational age (SGA) babies. Catch-
up growth which happens in the first few months of post-
natal life is related to increased risk for diabetes, asthma, 
ASD, cardiovascular disease, hypertension, behavioral 
problems and even cancer.34-43

Early Pregnancy Influences On Fetal Programming 
And Later Disease Risk
As seen in Figure 4, every major organ in the human 
body begins to develop in the first three weeks of life. All 
organ development is dependent upon placental nutrient 
availability. Therefore, the implantation of the embryo 
could prove to be the most important event related to 
future development and disease risk. Approximately 
half of all pregnancies are unplanned,44 which makes 
the embryonic period subject to unknowing mothers 
who may be nutrient deficient, and who may continue to 
drink alcohol or engage in other risky behaviors, thereby 
altering their metabolism and increasing environmental 
exposure to smoke and pollutants. The materno-fetal 
supply line begins to develop very early in gestation and 
rapid growth occurs soon after. Note that because the 
early embryonic and placental developmental period is 
so important, interventions need to be initiated before 
pregnancy or immediately after if possible. 

During the first seven days after fertilization, the 
embryo is entirely dependent upon passive diffusion 
from surrounding extracellular fluid. The placenta has 
not developed yet. Therefore, if there are xenobiotics, 
low nutrient status, insufficient oxygen and increased 
inflammatory signals, then the embryo may never survive, 
and if it does, is already set up for altered fetal growth 
trajectories due to epigenetic changes. According to the 
British Nutrition Foundation’s report on Nutrition and 
Development, “the nutritional status of a woman before 
pregnancy is critical to both her baby’s and her own health. 
It determines her well-being and that of the fetus and 
child, and in turn the health and reproductive capacity of 
the next generation.”45 One of the most detrimental early-
life environment is being overweight before conception. 
Since more and more women are overweight before birth, 
this has serious consequences for future generations and 
is also an important therapeutic intervention point.

Nutrient Deficiencies/Excesses Contributing To 
Altered Fetal Growth

Teenage Pregnancy
One of the most prevalent contributing factors to nutrient 
deficiencies in the developed world is teenage pregnancy, 
which continues to comprise a significant portion of 
births. Approximately 10% of births in the U.S. are 
from very young teenage mothers.46 This population is 
at an increased risk of birth complications such as pre-
eclampsia and are more likely to have low birth weight 
babies.47 Adolescents are at a higher risk of developing 
nutritional insufficiencies due to their higher macro and 
micro nutrient needs resulting from their own growth 
requirements. Teenage mothers are also at a higher risk 
of developing later osteoporosis, since the fetal calcium 
requirements will be met by taking calcium from the 

mother’s bones, even as she herself is still continuing to 
grow.48 Also, the diets of teenage girls differ significantly 
from those of older women, and adolescents tend to east 
fewer fruits and vegetables and more inflammatory foods 
such as grains, sugar and packaged foods.49,50 Younger 
girls are also at increased risk for anemia and deficiencies 
in iron, folate, calcium, vitamin E, vitamin D and other 
nutrients.51,52 This leaves their children at greater risk 
for low birth weight, which is the number one perinatal 
risk factor for increased incidence of childhood and 
adult dysfunction, especially if accompanied by catch-
up growth in which the child crosses centiles.53

Iron In Pregnancy
It is estimated that 50-75% of all pregnant women are 
iron deficient in the US and other developed countries. 
Iron status further decreases with parity as well.54,55 

Women are at a much higher risk of iron deficiency than 
men. Supplementing with iron in women who show lower 
iron status during pregnancy has long been known to 
improve health outcomes of the child.56 Iron deficiency 
in pregnancy can lead to adult hypertension.57,58 This is 
mediated through altered vascular system and kidney 
development and it appears that the critical period is the 
first few weeks of embryonic development. The primary 
role of iron is delivering crucial oxygen to meet the high 
energy requirements of fetal cells. Iron deficiency impairs 
organogenesis, and in the case of adult hypertension 
risk, the lower number of nephron formation during 
critical periods of kidney formation appears to be a 
major contributor. This puts the child at a lifetime higher 
risk of hypertension and kidney dysfunction.59 Many 
miscarriages are also a result of insufficient iron because 
trophoblastic implantation and placental development are 
severely impaired.60

All organs depend on adequate oxygen delivery, 
especially the brain which undergoes the most rapid 
and complete development during pregnancy. Iron 
deficiency is the leading cause of hypoxia to the fetus.60 
Development of the hippocampus and frontal cortex are 
particularly vulnerable to fetal deficiencies, which result 
in later neurological impairments such as lower IQ and 
developmental disorders such as ASD.61,62 In fact, Schmidt 
shows that lower maternal intake of iron is associated 
with a double risk for autism, and when combined with 
other risk factors such as maternal/paternal age and 
obesity, the risk jumps to a five-fold increase compared 
to mothers who have higher intakes of iron both pre- and 
post-pregnancy. Other neurological consequences of 
maternal low iron includes altered myelination, altered 
dopamine and serotonin metabolism, and even changes 
in gene expression in the hippocampal region affecting 
synaptic function and plasticity. Alterations in the blood-
brain barrier are also seen in fetuses of mothers who 
are iron deficient, which increases the exposure of the 
developing brain to neuro-active hormones and organic 
acid metabolites.63 Furthermore, there are additive effects 
of inflammation and iron deficiency. In one study, maternal 
iron deficiency anemia (IDA) together with an infection, 
increased cytokines and immune activation in the mother, 
which triggered production of fetal brain antibodies and 

(Continued on next page)
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greater neurological deficits compared to either infection 
or IDA alone, and much greater than controls without 
either IDA or infection.64 Iron deficiency in pregnancy 
is also related to preeclampsia, preterm delivery, LBW 
babies, as well as asthma and atopy in children. 65,66

Currently there is no consensus on optimal iron intake. 
There are also subpopulations that need either more or 
less iron depending on genetics and circumstances.67 For 
example, women with the HFE gene C282Y or H63D 
may need less iron, and taking too much iron could create 
an epigenetic imprint on the fetus for further development 
of hemochromatosis in male offspring. There has not been 
an investigation to date of perinatal iron status and risk 
of later development of hemochromatosis, but given the 
increased prevalence of  iron overload it may very well 
prove to be developmental in origin. Low iron status 
at birth may also be a risk factor for development of 
hemochromatosis later in life. As always, too much or too 
little seem to have similar effects. Other populations where 
iron should be given with caution are those at risk of, or 
who have developed, preeclampsia. In this case, red blood 
cell lysis releases excess iron into the blood stream and 
increases fatty acid oxidation and free radical formation, 
both of which can be detrimental to fetal development.68 
This highlights the importance of individualization in 
supplemental regimens. 

It appears most risks of altered health outcomes decline 
when ferritin is at least 15 ng/ml and continues to improve 
up to 65 ng/ml. There do not seem to be any adverse 
effects of iron supplementation with ferritin levels up to 
100 ng/ml, unless the rise in ferritin is associated with 
inflammation (see the section on maternal inflammation, 
below). IDA may never fully manifest, even though iron 
status is insufficient for optimal fetal growth. Measuring 
ferritin, serum iron, and percent saturation is preferable 
over just hemoglobin and hematocrit as IDA is a late 
manifestation of iron deficiency and may not be revealed 
until critical windows have already passed.69  

Methyldietary Nutrients In Pregnancy (Folate, B12, 
B6)
Methylation, as discussed above, is the most important 
epigenetic factor in fetal development. Despite the 
fortification of many foods with folic acid, dietary 
intakes are very often below recommended minimums 
for pregnancy, especially in the first few weeks of life.45 
The RDI of folate is largely based on the prevention of 
neural tube defects. However, it is now becoming more 
evident that the neurological role of folate has to do with 
its role in methylation and that it has global neurological 
influences. Many pregnant women are found to be 
deficient in one or more of the methyldietary nutrients, 
even if supplementing.70 Furthermore, traditional 
methods of testing folic acid serum or RBC folates may 
be inadequate and do not give a functional status of folate 
levels, especially if MTHFR genotypes are present.71

Some of the early and most revealing studies on the 
epigenetic effects of methyl nutrients happened in agouti 
mice.72-74 These studies were the first to highlight the 

lifelong effects of insufficient methyldietary nutrients. 
Agouti dams who were not given methyldietary nutrients 
during pregnancy gave birth to more unhealthy offspring 
than the control group who were given methyl nutrients. 
The mice who were given methyldietary nutrients 
were healthier than controls. They exhibited a healthier 
phenotype in which they did not gain weight, show 
signs of cardiovascular disease or develop diabetes 
throughout their entire lifespan, even though the postnatal 
environment and diet was exactly the same for both 
groups. Since then several studies have highlighted the 
association of methyl donor availability and later disease. 
Through the methylation pathway, suboptimal levels 
of maternal folate appear to drive epigenetic patterns 
which relate to offspring development of ASD, 
neurocognitive decline, heart disease, behavioral 
problems, altered neurotransmitter signaling, cancer, 
and many other disorders as will be discussed below. In 
fact, it is speculated that most epigenetic changes which 
impair mental development, health and later psychology 
in the offspring are nutritional in origin.75

Elevated Homocysteine In Pregnancy
The functional status of methyldietary availability 
may be best tested by homocysteine (Hcys). While 
altered methylation subtypes such as MTR or BHMT 
polymorphisms may not always display as elevated 
Hcys, this test will pick up the majority of methylation 
defects and results above 12 nmol/ml represent nearly all 
of the methylation defects, no matter whether they are 
genetic or acquired (nutrient intake).  Additionally, those 
women with an MTHFR genotype are at greater risk 
for decreased folate status and elevated homocysteine. 
A causal relationship has been found between elevated 
homocysteine (an inverse marker of B12 and/or folate 
status) and low fetal birth weight.76 Again, LBW is 
associated with later life risk of many disease states such 
as diabetes, CVD, neurocognitive impairment and cancer. 
Even if mothers with MTHFR or other methylation gene 
SNPs have adequate intake of folic acid, it does not 
ensure that the folic acid is able to be methylated and 
therefore available for use in genetic replication, repair 
and other enzyme systems. It may be more beneficial 
to provide these women with methyl-folate and to 
check functional markers of folate status such as Hcys 
or fomiminoglutamate.71 Supplementation with folic 
acid during pregnancy has been shown to lower Hcys 
in population-based studies.77 Doses up to 5 mg of folic 
acid have been shown to reduce the risk of fetal growth 
restriction by 66%.78

In addition to LBW, elevated Hcys during pregnancy 
is associated with adverse offspring outcomes such as 
down syndrome,79 spontaneous abortions, preterm 
delivery, hypertensive disorders of pregnancy such 
as eclampsia,80,81 various neurological disorders,82 

autism,83 insulin resistance, obesity, diabetes,84 neonatal 
hyperbilirubinemia,85 hypertension and chronic 
kidney disease,86 and intrauterine growth restriction,87 

to name just a few.  If methylation is altered, there are 
a multitude of downstream effects. For example, leptin 
has protective effects on the offspring against later 

(Continued on next page)
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obesity through changes in promoter methylation of the 
hypothalamic POMC gene.88 Diet-induced methylation 
deficits of POMC and SOCS-3 genes have been shown 
to promote an altered leptin-insulin feedback loop, 
predisposing the child to lifelong leptin resistance.89-91 

Folate
Optimal levels of folate must again be individualized. 
There are many subpopulations of women who do not 
absorb or utilize folic acid very well and therefore must 
take more than the RDI. For example, women with 
celiac disease, diabetes, and those who are overweight 
or taking certain medications may need much more folic 
acid than the RDI.92 Those with a history of NTDs are 
advised in the UK to take 5 mg, whereas the RDI during 
pregnancy for most women is only 800 mcg. Because of 
the concern for folate masking of B12 deficiency, it may 
be prudent to provide B12 during folate supplementation. 
Most women do not take folic acid before conception 
and this may lead to altered outcomes due to deficiencies 
during the critical windows of neurological development, 
even if folate supplementation starts sometime later in 
the first trimester.70 This is one reason why increased 
public and health provider awareness is so important. 
Recommendations for certain at-risk women to take 
increased methyldietary nutrients above current RDI’s, 
even when not planning to get pregnant, may prove 
to be the single greatest intervention for improving 
health outcomes for current and future generations. 
Very few pregnant women receive Hcys testing prior to 
or during pregnancy. Instituting Homocysteine testing 
for pre-pregnant and pregnant women as a public policy 
change and adding it to obstetric panels may be the most 
beneficial test added in decades. 

Could Folic Acid Supplementation Be Contributing 
To Neurological Disorders?
There is an interesting hypothesis about the relationship 
of folic acid supplementation and the autism epidemic 
which seems to warrant investigation. Folic acid 
supplementation (FAS) was instituted in the 1990s to 
reduce NTDs and in this regard has been quite successful. 
However, this approach may have created an unforeseen 
consequence. Prior to FAS (here, we reference FAS as 
synthetic fortification of foods and not to methylfolate, 
which may prove beneficial) it is hypothesized that 
many children with the MTHFR-positive phenotype 
were spontaneously aborted due to insufficient folate 
metabolism. Mothers who take folic acid prevent 
miscarriage and NTDs but consequently more babies 
are now born with this phenotype. This results in more 
babies with a greater need for folate and methyldietary 
nutrients. However, most women stop taking folic acid 
supplements after birth, even if they are breastfeeding, 
and the postnatal folic acid requirements for MTHFR-
positive children has largely been ignored. MTHFR-
positive children have a much higher incidence of ASD 
(as well as many other disorders). Because there are 
more children with MTHFR-positive status, it is apparent 
that the need for methyldietary fortification extends 
throughout the lifetime of these children, who in turn 
grow up to have more children with MTHFR-positive 

status, thus perpetuating the trans-generational effect.93

B12 
Vitamin B12 deficiencies in pregnancy are less studied than 
folate deficiencies, but nonetheless represent important 
potential pathways for altered epigenetic programming. 
Intrauterine B12 deficiency significantly impacts bone 
growth and other organ development.94 Furthermore, low 
maternal vitamin B12 status is associated with increased 
risk of low lean mass and excess adiposity, increased 
insulin resistance, impaired neurodevelopment and 
altered risk of cancer in the offspring.95 Many pregnant 
women are B12 deficient, especially vulnerable groups 
including women who are vegetarians, are obese or 
overweight, have hypothyroid, have various autoimmune 
disorders including pernicious anemia, have MTHFR 
SNPs, experience intestinal malabsorption syndromes, 
smokers, and teenagers.50,96,97 Another often-overlooked 
subpopulation at risk for B12 deficiency during 
pregnancy involves bariatric surgery recipients. While 
the benefits of losing weight before pregnancy may make 
the intervention beneficial for offspring, micronutrient 
deficiencies are more often found in those women who 
received the surgery.98

Rather than testing for B12 deficiency per se, much of the 
research centers on homocysteine (Hcys) which may be 
related to each of the methyldietary nutrients (B12, B6, 
folate, methionine, etc.) in differing amounts. Clinically, 
this is why it may be more important to test for functional 
methylation markers and supplement with a variety of 
methyl nutrients until status improves. Rarely does taking 
one single methyl nutrient resolve elevated Hcys. There 
may not be enough time to tease out which nutrients are 
the most deficient during pregnancy which may result in 
delay of supplementation, thus missing critical windows 
in fetal development. Therefore, it may be advisable 
to take a combination of methyldietary nutrients at the 
same time. Another reason this may be a more beneficial 
strategy is based on the observation that providing an 
increase in a single nutrient may increase the body’s need 
for other nutrients. Thus, providing only B12 may create 
a de facto deficiency in other nutrients, especially the 
methyldietary ones.

There is substantial evidence that supplementing with 
B12 during pregnancy, especially in vulnerable subgroups 
of women such as those described above has significant 
beneficial outcomes for offspring. In one study, Torres-
Sanchez and colleagues showed that supplementing with 
B12 changed the length-to-weight ratio (which is a risk 
factor for lifelong obesity, neurological and cardiovascular 
abnormalities) of children born from mothers with 
MTHFR SNPs, especially the C667T allele.99 Reinforcing 
the importance of poly-supplementation, supplementing 
women with riboflavin who have this allele and then 
develop hypertension during pregnancy appears to be 
quite effective at lowering hypertension and related 
complications.70 Improving diet with clean, organic, 
animal-based foods and by following a Mediterranean-
style diet (MSD) also improves B12 status in pregnant 
women.100 

(Continued on next page)
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The importance of diet as a significant epigenetic 
factor in fetal programming cannot be overstated. In 
fact, Chatzi et al. demonstrated that if a mother adheres 
to a strict Mediterranean-style diet with plenty of plant 
based foods, nuts, seeds and a moderate amount of 
animal protein in the form of fish and organic meats, this 
significantly lowers the childhood risk of wheeze and 
atopy with a follow-up period of 6.5 years. 101-104  Postnatal 
diet was not associated with later risk of atopy and 
wheeze, highlighting the fact that the fetal environment 
preprogrammed offspring for not only later dietary habits, 
but immunological responses well into childhood. Those 
women who ate the most junk food had babies who were 
more likely to grow up with food sensitivities and asthma, 
even after adjusting for a multitude of variables such 
as socioeconomic class, age and adiposity at birth. Of 
course, this does not mean that all women should follow 
a strict MSD, as a more personalized approach based on 
food sensitivity testing, cultural awareness and genetic 
preferences may prove more beneficial. However, these 
studies highlight the important effects that a diverse, 
natural foods-based peri-conceptual diet has on the long-
term health of offspring.105

B6 
Vitamin B6 is another important methyldietary nutrient. 
Studies show that while deficiency in this vitamin may be 
less common than other B vitamins and minerals needed 
for proper methylation, the effects to fetal development are 
not inconsequential.106 Although rare, status epilepticus is 
a result of vitamin B6 deficiency in those with genetic 
SNPs altering B6 metabolism. Studies have shown that 
pregnancy increases demand for B6 in both mother and 
child, and treatment may require very high doses of B6.107 

Zinc
Zinc (Zn) is essential for brain and organ development 
in prenatal and postnatal life.45 Zinc deficiency is one of 
the most common worldwide, including in developed 
countries. Several reports of zinc deficiency in pregnant 
women show that 50-75% of women have inadequate 
Zn levels.108 Zn is needed for DNA and RNA replication 
and deficiencies have been shown to reduce fetal brain 
growth and synaptogenesis.109 Zinc is needed throughout 
the body as a cofactor for many enzymes and thus affects 
development of connective tissue, heart and lungs. 
Zinc supplementation reduces the risk for premature 
birth and may be especially important to supplement in 
those children born preterm or LBW.45  Zinc may help 
prevent recurrent spontaneous abortions as well, due 
to its immunological properties.110 Optimal levels 
of zinc intake for most women may be 7 – 25 mg/day 
depending on other dietary and genetic factors. Levels of 
75 mg/day during pregnancy have been reported as safe. 
Individualized requirements may be more accurately 
determined through individual nutrient evaluation and 
testing. These tests are becoming more available to the 
general public at relatively low cost.

Other Nutrients To Consider 
Iodine, vitamin D, EFAs, vitamin A, calcium, selenium, 
molybdenum and other trace minerals are extremely 

important for both fetal development and maternal health. 
Up to 75% of women have a deficiency in one or more 
of these important nutrients.50,111 It appears that selenium 
and vitamin D are the most common deficiencies during 
pregnancy.45 Ethnicity and time of year affect vitamin D 
levels as darker skin pigment and fall/winter/early spring 
are associated with lower levels. In one study, 80% of 
women were deficient in vitamin D.112

It is beyond the scope of this article to give a complete 
nutritional synopsis of every individual nutrient and 
the potential adverse outcomes associated with excess 
or deficiency. However, the important role of many 
micronutrients in epigenetics and fetal development cannot 
be overstated. It is also apparent that many women (in 
both developed and undeveloped countries) are extremely 
deficient in many of these essential nutrients, which makes 
timely supplementation with these nutrients crucial. It is 
the potential of modern “individualized medicine” that 
more and more women (and men) can be tested and given 
the exact nutrients in which they are found to be deficient. 
In the meantime, it may beneficial for many individuals to 
receive these nutrients in a multi-vitamin, multi-mineral 
and Omega 3-6-9 supplement form as the benefits of 
supplementation generally outweigh the risks,113 with the 
exception of vitamin A which is teratogenic at high doses.

Maternal Inflammation Affects Neuro-Endocrine 
Development

Obesity
Obesity is now considered to be epidemic in industrialized 
countries. It is estimated that in the U.S., two-thirds 
of pregnant women are or will be overweight or 
obese even before getting pregnant.114 It is well know 
that obesity creates a wide range of metabolic and 
hormonal changes including activation of the human 
inflammasome.115 These include altered leptin signaling, 
disruption in neurotransmitter metabolism, increase in 
cytokine production, alterations in immune activation, 
mitochondrial and endoplasmic stress, to name a few.116 In 
adults, evidence is clear that these changes lead to diabetes, 
CVD, Alzheimer’s, Parkinson’s, cancer, hypertension 
and psychiatric disorders.117-121 What is recently being 
discovered, however, is that these same changes in the 
maternal inflammatory milieu have extensive life-long 
consequences on the developing fetus.122 The purpose of 
this article is not to give a comprehensive review of the 
inflammatory exposome, but rather to highlight a few of 
the most alarming epigenetic changes to offspring known 
to produce detrimental life outcomes - especially related 
to brain and metabolic sequelae. 

Adipose tissue is an endocrine and immune influencing 
“gland.” Increased maternal adiposity is associated 
with elevated cytokines such as interleukin (IL)-6, 
tumor necrosis factor-alpha (TNF-a), IL-1B, monocyte 
chemotactant protein (MCP)-1, C-reactive protein (CRP), 
leptin, insulin and estrogens, all of which play a role in 
the development of insulin resistance, Type II diabetes 
and hypertension.123 Obesity leads to over nutrition in the 
fetus with concomitant micronutrient deficiency. Maternal 

(Continued on page 187)
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obesity leads to offspring being born either overweight or 
underweight. Interestingly, the average birth weight plot 
graph used to look like a bell shaped curve. However, 
as obesity has increased, the distribution now resembles 
a U-shaped curve with fewer babies being born with 
average weight, and more being born on both ends of the 
scale. Similarly, both LBW and high birth weight (HBW) 
show remarkably similar epigenetic programming and 
later disease profiles.124,125 Perhaps the most telling of 
these epigenetic changes is shown in Table 1, which 
depicts the cardiovascular and metabolic changes which 
happen to offspring born in inflammatory environments.

Obese mothers also experience different birth outcomes 
and are more likely to deliver babies via C-section, 
which is also independently related to childhood obesity, 
presumably due to the change in microbiome formation. 
The gut bacteria of children born vaginally differ 
significantly from those born by C-section and it appears 
that these changes are long-lasting.126

Maternal Microbiota And Fetal Development
The influence of the maternal microbiota on fetal 
development is only now beginning to be understood but 
it appears that gastrointestinal health may be the main 
mechanism by which inflammatory and other immune 
and neurological signals exert epigenetic effects on the 
developing fetus.127 It used to be thought that the GI 
tracts of newborns were sterile. New evidence suggests 
that fertilization and colonization of neonatal bacteria 
begin in utero.128 It has been demonstrated that in preterm 
babies and in mothers who experience premature rupture 
of membranes (PROM), the fetus is colonized before 
birth. However, even in full term babies metagenomic 
sequencing has discovered a rich placental microbiome.  
This placental microbiome likely provides important 
metabolic and immune contributions to the growing fetus. 
In some cases, the placenta selects for certain bacteria to 
cross and allows for early colonization resembling the 
microbiota of the mother. If the mother has dysbiosis 
or altered systemic bacterial balance, then the child will 
experience much of the same consequences of this altered 
microbiome, even before birth.129 This is one reason why 

Table 1. Offspring outcomes associated with maternal obesity, timing of obesity and effects on offspring metabolic 
parameters from neonate to age 21. This illustrates how maternal obesity preprograms the child for lifelong metabolic 
dysfunction with a higher risk of obesity, insulin resistance, diabetes and heart disease. The offspring grow up with these 
parameters which in turn get passed on to future generations, compounding the trans-generational perpetuation of disease.  
    
ePPw, excessive pregnancy weight; eGWG, excessive gestational weight gain; BMI, body mass index; IL-6, interleukin 6; CRP, c-reactive protein; 
HDL, high-density lipoprotein; ApoA1, apolipoproteinA-1, HOMA-IR, homeostasis model assessment for insulin resistance.
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perinatal antibiotics can be so devastating to the lifelong 
microbiota of the mother and child.130 In addition to 
possibly initiating the human microbiome colonization in 
utero of the child’s skin, eyes, respiratory, genito-urinary 
and GI systems, the xenobioitic influence of bacterial 
organic acids also provide a direct pathway into neuro-
endo-immune patterning. 

The literature is replete with the lifelong consequences 
that altered microbiome, insulin signaling and obesity 
have on such diseases as CVD, diabetes, etc. However, 
the literature on the epigenetic consequences to the 
developing fetus is relatively young in its evolution. The 
brain appears to be most susceptible to this influence 
through brain-immune crosstalk. Bolton et al. gives an 
excellent review of the neurological consequences of 
inflammation due to not only altered microbiome but also 
how factors such as maternal obesity, infection, pollutant 
exposure, and mitochondrial dysfunction  contribute 
to altered neurological growth.37 Cytokines, in addition 
to their immune duties, also serve as growth factors for 
the developing brain and other organs. Disruption in 
the levels of these inflammatory and metabolic signals 
are proving to be very disorganizing for neurocognitive 
trajectories. The inflammatory environment in the 
mother, through brain-immune interactions, may 
eventually be seen as the primary environmental 
risk factor for developing ASD, behavioral disorders, 
lower IQ and other neurological disturbances. It is 
evident that this is primarily a non-genetic phenomenon, 
as opposed to mostly being driven by genetic code. In the 
absence of major genetic anomalies such as trisomy 21, 
it is the in utero environment which produces changes 
in the offspring brain and can lead to expression of a 
phenotype more susceptible to neuropsychiatric illness. 
In his research at Cornell University, Toth explored this 
non-genetic determinant of offspring anxiety traits.131 In 
his experiment, he took genetically identical embryos 
harvested from a mouse mother who did not have genetic 
abnormalities in serotonin function. This embryo with 
a normal phenotype was then transferred to different 
mothers for the entirety of gestation. One mother had 
a knock-out (KO) gene for serotonin which made her 
display signs of confusion and anxiety. The other embryo 
was transferred to a normal wild-type (WT) mother. The 
WT mother gave birth to normally behaved offspring as 
expected. However, the offspring that was gestated in 
the KO mother displayed the same traits of anxiety and 
confusion as the KO mother herself, even though the 
offspring did not have the KO gene. This was repeated 
multiple times and was found to be independent of post-
natal factors. This research illustrates how the fetal 
exposome, including the maternal microbiome, influences 
the characteristics of neurobiological behavior in a non-
genetic way, which may explain part of the reason we are 
seeing such a rise in neurological, learning and behavioral 
disabilities, even when parents or close relatives did not 
display such abnormalities.

Inflammatory Mechanisms Of Altered Fetal Growth
Even if the offspring appears to develop normally in 
childhood and early adulthood, many studies are now 

confirming that certain fetal events predispose the 
progeny to neurological consequences even into much 
later years in life. Parkinson’s and Alzheimer’s diseases 
are now being connected to fetal events such as obesity, 
inflammation, stress, and micronutrient deficiencies.132 
This is called the “two-hit” or “multiple-hit” theory 
which attempts to explain the pathophysiology of these 
late neurological diseases. It appears that those altered 
fetal events represent the first hit, and postnatal events 
such as continued inflammation and glycation are the 
subsequent multiple hits necessary for the development 
of these diseases. This is extremely relevant given the 
dissemination of neurological problems among all age 
groups. Again, the most important target of intervention 
and prevention for later age disease appears to be the first 
1000 days of life.

Much of the damaging inflammatory mechanisms are 
brought about through NFkB activation.133-135 There are 
many dietary and nutrient interventions that have proven 
to dampen this NFkB response and slow down or even 
reverse the effects of inflammation in the adult. Fewer 
studies have been done on pregnant women and their 
offspring, but a few reports are encouraging. After lifestyle 
and dietary management of the risk factors associated 
with inflammation, nutraceutical intervention appears to 
be very promising.136 Employing probiotics, curcumin, 
omega 3 -6-9, quercetin, resveratrol, methyldietary 
nutrients, lipoic acid, NAC, sulforaphane, and green tea 
extracts and other polyphenols have all been shown to 
lower inflammation and NFkB activation. Ly et al provide 
an excellent review of the use of the above nutraceuticals 
in pregnancy in mediating the inflammatory, oxidative and 
advanced glycation endproduct formation.137 In addition, 
sulforaphane has recently been shown to improve ASD 
symptoms,138 implying that inflammatory mechanisms 
are at play in the autistic brain. These inflammatory 
pathways affect the developing brain through metabolic 
endpoints such as altered detoxification, enzyme 
activation, glutathione metabolism and neurotransmitter 
function.37,139

Infection, Inflammation and Fetal Programming A large 
body of evidence exists pointing to the role infections 
play not only in inducing inflammatory mechanisms 
and contributing to disrupted fetal epigenetics, but also 
direct effects on fetal immune activation and preference 
throughout life.140-143 Epidemiological studies have 
confirmed that maternal infection and immune activation 
(mIA) is positively associated with ASD, schizophrenia, 
cerebral palsy and other neurological disorders in 
offspring.142,144,145 Animal models have further confirmed 
that mIA is a profound risk factor for neurochemical 
and behavioral abnormalities in affected progeny.146 As 
such, a complete preconception workup must include 
looking for symptomatic as well as asymptomatic 
clinical infections which may contribute to maternal 
immune activation with subsequent altered fetal growth 
outcomes. In addition to the typical obstetrical workup 
which should include cytomegalovirus, rubella and 
toxoplasmosma, the clinician may consider testing for 
more clinically “silent” infections such as candida, herpes, 

(Continued on next page)
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H. pylori, Borrelia burgdorferi (Lyme), mycoplasma, 
Epstein Barr, cytomegalovirus and mycoplasma, as these 
have been shown to have profound influences on the 
central nervous system and inflammatory activation.147 
Other conditions which contribute to mIA must also 
be identified and resolved. These factors may include 
leaky gut, stress, periodontitis, dysbiosis and parasite 
infections. A comprehensive stool analysis which looks 
at both commensal and potentially pathogenic bacteria 
can give the practitioner a deeper view of the microbiota 
and maternal immune system. Please see the section 
on recommendations, below, for specifics. For further 
instruction and training on identifying adult infections 
that contribute to autoimmune, Alzheimer’s disease, 
Parkinson’s disease and more, I refer the reader to www.
infectionconnection.com. 

Pollutants And Xenobiotics 
Another important epigenetic factor in fetal development 
includes pollutants and heavy metals. It is beyond the scope 
of this article to delve into the plethora of evidence linking 
mercury, arsenic, lead, phthalates and PDBEs to altered 
growth, brain and metabolic trajectories of offspring. 
However, in dealing with the inflammatory milieu of the 
mother, this topic must be investigated by the practitioner. 
Studies in both North America and Europe have confirmed 
that a higher exposure to pollutants, mainly from car 
exhaust and other polycyclic aromatic hydrocarbons, is 
associated with impaired neurocognitive development 
and even autism.148 Proximity of mothers to a freeway and 
exposure to pollutants is positively associated with ASD 
after adjusting for numerous other variables.149 Pesticides 
and herbicides are now being recognized as a contributor 
to neurological deficits in offspring such as autism, 
schizophrenia and learning and behavioral disorders.150 In 
the latest study, living within a relatively close proximity 
to pesticide applications (such as organophosphates, 
chloropyriphos, and pyethroids) increased the odds ratio 
of having a child with ASD by an unmistakable 60%. 
The exposure windows which seemed most associated 
with ASD or developmental delay were preconception 
(within three months of pregnancy) and the second and 
third trimester, depending on the pesticide involved. 
Understanding the mechanisms of pesticide action makes 
it easier to understand how pesticides damage fetal brain 
development. Most pesticides are neurotoxic and readily 
cross the placental barrier. They work on the CNS in many 
different ways: from inhibition of acetylchline esterase, to 
increasing gamma amino butyic acid (GABA) which is 
both an inhibitory neurotransmitter and a growth factor in 
the developing brain.150 Agricultural use of pesticides is 
not the only cause of exposure. Many urban and densely 
populated cities and towns across the US use pyethroids 
for control of mosquitos and other insects. Residential 
exposure is a concern and steps may need to be taken to 
eliminate this type of widespread use.

Research has started to elucidate vulnerable subsets of 
individuals who show even greater statistical significance 
between exposure and neurotoxic effects.151 In fact 
many studies are now linking medication exposure, 
either maternally or in the infant, to greater risk of ASD. 

Acetaminophen use by mothers or administered to a child 
postnatally may increase production of toxic metabolites 
in children with impaired detoxification SNPs.152 Given 
the widespread use of acetaminophen by mothers during 
pregnancy and also the practice of administering it 
prophylactically to children during vaccination, this 
association seems to make sense when viewed in light of 
genetic susceptibility. It is conceivable that one day soon 
most children will be tested for genetic vulnerabilities. 
Until then, it may prove beneficial to limit its use.

The most vulnerable subsets of children are those with 
impaired detoxification and methylation SNPs. Those 
mother-children pairs will likely benefit the most from 
increased methyldietary nutrients and avoidance of 
pollution, as well as nutrient supplementation with 
glutathione precursors N-acetyl cysteine and lipoic 
acid. Detoxification must happen preconcepetually as 
releasing pollutants and heavy metals during pregnancy is 
detrimental, highlighting the need for early pre-pregnancy 
assessment and intervention.

Endocrine Disruptors
BPA, phthalates and many other chemicals found 
ubiquitously are known endocrine disruptors (EDs) and 
are found in human amniotic fluid, breast milk, cord 
blood, placenta and semen.155 These EDs have a myriad 
of effects on the hormonal status of both adults and 
children and have been linked to many adult diseases 
such as thyroid disruption, prostate and breast cancer, 
diabetes, obesity, CVD, asthma, infertility, ADHD, 
autism and dementia.156-160 However, their effects on fetal 
development and infertility have only recently been the 
focus of scientific research.  There have been several 
articles and books written in the last 30 years,161,162 on 
this topic, but not until a recent boom in research has it 
become clear just how damaging these EDs can be for the 
lifelong  neuroendocrine health of offspring if exposed 
in utero. The research on BPA and other chemicals is 
complex and controversial, and a deeper look into the 
nuances of toxicology and development would exceed 
the scope of this article. However, it is clear that the risk 
to fetal development is real and the scientific community 
is building consensus that these chemicals are indeed 
extremely harmful to fetal development and the long-term 
health of future generations, especially at low doses that 
reflect common everyday exposure. 

Bisphenol-A (BPA) acts as a xenoestrogen and therefore 
can influence the function and structure of fetal endocrine 
and brain tissue. It is known that BPA readily crosses the 
placental barrier and is inversely associated with birth 
weight.163 Furthermore, because BPA is an estrogenic 
compound, it may have different effects on males and 
females. In females, fetal exposure appears to increase 
life-long risk of breast cancer.164,165 In a recent study, 
Watkins et al. found that in utero exposure to BPA and 
phthalates is associated with earlier age at menarche 
which is itself a risk factor for later breast cancer.166 
The age of menarche has been decreasing for decades 
and it is believed that EDs are the main culprit. The 
authors summarize their findings by saying that efforts to 
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control exposure of phthalates in utero should be a high 
priority. In addition to age at menarche, higher levels of 
testosterone, estrogen and certain estrogen receptors were 
also found which explains why many studies have also 
found a link between in utero and postnatal exposure to 
ED chemicals such as PDBEs, PFOAs and dioxins (now 
termed obesogens for their ability to disrupt leptin and 
other adipose tissue signaling), and low birth weight, 
neurological developmental delays and later development 
of depression, adiposity and diabetes.167-170

In males with in utero exposure to EDs, testes development 
is inhibited, contributing to later reproductive 
dysfunction, and exposure is also linked to the rise of 
hypospadias and other reproductive disorders.171 Since 
testosterone production and function in utero is altered 
with exposure to estrogenic compounds, the fetal male 
brain is also uniquely affected and may explain some of 
the male predominance of autism, learning disabilities 
and ADHD.172 Since both testosterone and estrogen are 
needed for proper neurological development and both act 
as trophic factors for synaptogenesis and neurotransmitter 
metabolism, it is no wonder that exposure to BPA, 
phthalates, PCBs and other chemicals have all been found 
to affect both male and female brain development and 
subsequent cognitive and behavioral disorders including 
ASD, ADHD, lower IQ, anxiety and depression.173-175 
These changes in brain morphology appear to not only 
last throughout the lifetime of the offspring, but may be 
passed down to subsequent generations – even without 
further exposure to BPA or other chemicals.176 Reducing 
exposure to these potentially harmful chemicals is of 
paramount importance for fetal and reproductive health.

Maternal Antidepressant Use And Altered Fetal 
Growth
Another class of medications getting some attention for 
its role in epigenetic influences on fetal development is 
antidepressants. Given their widespread use during the 
perinatal period, evidence linking this class of medications 
to altered fetal growth will be important in shaping future 
recommendations. Indeed, much evidence is surfacing 
that these medications may have unwanted consequences 
to the fetus.153 The majority of effects to the fetus appear to 
be short- and long-term motor and language development. 
In utero exposure to either selective serotonin reuptake 
inhibitors (SSRI) or monoamine oxidase (MAOI) 
inhibitors increases the risk for ASD three-fold.154 It is 
true that untreated depression also poses a risk to the 
fetus, but it appears that taking antidepressant has far 
worse effects on the fetus. Given the multitude of natural 
and safe treatments for depression (such as EFAs, SAMe, 
methyl folate, St. Johns Wort, etc.), it may be prudent to 
advise women on the alternatives and risks of all available 
treatment options.

Thyroid

Perhaps the greatest single hormonal influence on fetal 
development is thyroid hormone, which drives nearly 
every component of cell division and metabolism 
of every organ and cell in utero. The implications of 

even minor perturbations in thyroid hormone on fetal 
development and long term health outcomes are only 
now being elucidated. This is a very large topic and will 
only be briefly mentioned here due to limitations in space. 
However, the reader is highly encouraged to look at the 
growing body of evidence showing the thyroid as the 
primary hormone in neurological and  organ development, 
and if altered even slightly, will have serious implications 
for fetal development.177-182 It is imperative that a full 
functional medicine evaluation of the thyroid  be done 
on all persons of reproductive age before pregnancy by 
checking TSH, free and total T3, free and total T4, reverse 
T3 and thyroid antibodies (see recommendations below). 
The greatest need for thyroid hormone is in the first eight 
weeks of development and most women of reproductive 
age have some level of thyroid dysfunction.180 This 
may be mediated through iodine deficiency, infection, 
autoimmune factors, stress, inflammation and oxidative 
damage. It is considered by this author and many 
functional medicine practitioners to be malpractice if a 
full thyroid workup is not done on all patients, especially 
the pre-pregnant population.

Recommendations For Improving Fetal Epigenetics 
And Offspring Outcomes
Most women do not take supplements before learning 
they are pregnant which leaves the fetus in the first four 
to six weeks of life without adequate nutrition in many 
cases.45 As discussed previously, this is perhaps the most 
critical time window for ensuring healthy fetal outcomes 
and subsequent adult health. Furthermore, it is frequently 
the case that lifestyle changes are not made during this 
critical window, further adding to the negative impact 
of the fetal exposome. Given what is known so far 
about the fetal origins of childhood and adult diseases, 
it seems that there is no longer time to waste in raising 
awareness, changing lifestyle habits and administering 
proper testing and individualized supplementation when 
needed. The costs of doing preconception planning and 
supplementation are infinitesimally small compared 
with the cost of complicated pregnancies and altered 
fetal development, and the lifetime cost of diseases 
such as obesity, autism, behavioral and learning 
disorders, asthma, cardiovascular disease and more. 
The consequences of waiting until scientific, public and 
medical consensus is reached seems foolish and may have 
devastating consequences, since this may not happen 
for quite some time, if at all. The risk – benefit analysis 
of increasing supplementation, changing dietary and 
lifestyle habits and improving preconception planning 
and care, are much in the favor of aggressively targeting 
these risk factors  –now –  which are relatively easy to 
detect and modify. 

Beneficial therapeutic intervention and education of 
parents-to-be is not much different than testing and treating 
any person that walks into a functional or alternative 
medicine office: it simply involves a full functional 
medicine workup and evaluation, treating the root causes 
of what is found and getting that person as healthy as their 
circumstances will allow. What is different is that they 
themselves are not the only patients being treated, but 

(Continued on page 193)
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rather all the future generations are receiving treatment 
as well. The health of parents-to-be has the potential to 
either create or devastate life, depending on their choices 
and the clinician’s expertise. 

Much of the rationale for the following recommendations 
has been given in the preceding pages. This is meant 
to serve as a guide for the practitioner and to aid the 
implementation of practical clinical services which could 
very well turn the tide of the epidemic childhood and adult 
disorders which have their origin in the very beginning of 
life. It is important to note that the above information and 
following recommendations are also extremely useful 
in addressing fertility and egg and sperm quality as 
many of the same factors affecting fertility also affect 
fetal development. 

Raising Awareness
Simply opening up dialogue with patients of reproductive 
age is important. It is essential to help people understand 
that what they are doing before they get pregnant may 
have the greatest impact on the lifelong health of their yet 
to be conceived child. Increasing understanding that some 
of the most devastating childhood and adult diseases 
may indeed be prevented with simple dietary, lifestyle 
and supplementation modifications may go a long way 
towards motivating individuals to take charge of their 
health and the health of their future offspring.  This may 
be compelling even for adolescents, who often do not 
think about the consequences that their actions may have 
on themselves, let alone their unborn children. 

Lab Testing 
Simple lab testing can highlight nutrient deficiencies, 
inflammatory states and even clinically silent autoimmune 
tendencies, which may have significant impacts on the 
fetus and which need to be addressed before conception. 
The following is suggested as a preconception panel and 
has been used in the author’s clinic for many years. If the 
reader is not proficient at reading blood chemistry from 
a functional medicine standpoint, it is highly advisable 
to consult with one who is. Reading blood chemistry and 
seeing potential problems takes more than a superficial 
understanding of each analyte being tested, and merely 
depending on computer-based programs to interpret 
results may lead to many under-, over- or mis-diagnoses. 
As always, lab results must be interpreted together with 
history and physical findings.

Comprehensive Blood Chemistry
A comprehensive blood chemistry test should include: 
1. CBC w/diff - to check for overt/covert infections; 

micro or macro-cytosis of RBC morphology 
heralding methylation abnormalities, iron or B12 
deficient anemias, platelet production which could 
cause abnormal bleeding and predict complicated 
pregnancies, parasite infection, and more) 

2. CMP 24 - to check multiple organ function such 
as kidney, liver, gallbladder, pancreatic and heart 
function. Blood sugar handling abnormalities should 
be suspected with fasting blood glucose over 90. 
Also, HA1c should be checked and brought to within 

an optimal range of 4.9-5.4 for pregnancy. This can 
be tested instead of an oral glucose tolerance test 
(OGTT) which may actually harm the fetus due to 
advanced glycation endproduct formation and insulin 
spike.

3. Lipid panel to include total cholesterol, LDL, HDL, 
VLDL and apoA1. 

4. Inflammatory and Methylation markers such as 
hsCRP, Ferritin, ESR, IL-6 and Homocysteine. Hcys 
may represent the simplest, most economical and 
most modifiable risk factor in all of preconception 
evaluations. Due to its importance, it is this author’s 
belief that every pregnant woman should have their 
Hcys tested routinely before and during pregnancy.

5. Iron status (serum iron, percent saturation, ferritin 
and total iron binding capacity).

6. Thyroid panel to include TSH, free and total T3 
and T4, reverse T3 and T 3 uptake – which may be 
used to asses PCOS, insulin resistance or other issues 
affecting sex hormone binding globulin such as 
estrogen or liver dysfunction.

7. Urinalysis with microscopic examination – may be 
able to detect asymptomatic urinary tract infections 
which may need to be addressed before pregnancy. 
May also detect early kidney stone formation more 
accurately than just a dipstick test.

Comprehensive Stool Analysis 
A comprehensive stool analysis should be performed 
to check for parasites, dysbiosis, inflammatory states, 
malabsorption and leaky gut, all of which can have 
significant impact on nutrient, immune and inflammatory 
status. Correcting commensal microbiota imbalances 
before or during pregnancy is proving to be one of the 
most important ways to influence fetal development and 
lifelong health of offspring. Please see above section on 
microbiota and fetal development.

Heavy Metals And Porphyrins 
As discussed above, heavy metals pose a significant 
threat to fetal health. Addressing heavy metal and toxicant 
burden represents an important therapeutic endpoint for 
ensuring fertility, egg, sperm and offspring quality. This 
should be addressed at least three to six months prior to 
conception as it is not advisable to mobilize and remove 
heavy metals during pregnancy or lactation. 

SNPs 
Due to the low cost of genome wide sequencing testing 
such as 23andme, this may be an option for more and 
more people. A special emphasis should be put on 
interpretation of methylation pathways so that at-risk 
populations may be given proper dosages and forms of 
folate and other cofactors needed for epigenetic regulation 
of fetal development. Other companies also offer specific 
methylation SNP testing with interpretation and clinical 
suggestions, making this a good option as well.

Infection 
If an infection is suspected on blood chemistry, a history 
and physical may further guide infectious disease 
investigation. The most commonly tested for and found 
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in many functional medicine offices are Lyme disease, 
Herpes varieties, EBV, CMV, candidiasis, parasites such 
as giardia and more. 

EFA Ratios   
Testing EFA ratios may be very useful in dosing fish and 
plant oil supplementation as there appears to be a wide 
range of need, and dosing everyone with just fish oils can 
be just as dangerous as low EFA status. 

Hormones  
One of the most widely used and beneficial tests for 
fertility and fetal development are hormone tests which 
analyze circadian adrenal function, DHEA, pregnenalone, 
progesterone and testosterone. Bringing abnormal 
findings back into balance with adrenal, hypothalamic 
and pituitary support is standard in fertility clinics that 
stay on top of current research and practices. Again, 
what is positive for fertility also seems to be supportive 
of fetal health as well. The use of bioidentical hormones 
for fertility is widespread but must be done with an 
experienced practitioner if continued in smaller amounts 
throughout pregnancy. In most cases it is advisable to 
stop hormonal replacement, with the exception of very 
low dose DHEA or pregnenolone when needed. 50-
75mg DHEA supplementation has been shown to reduce 
miscarriage and chromosomal abnormalities, especially 
in those with low ovarian reserve or poor responders 
to IVF.183,184 Pregnenolone is showing promise as an 
active growth-promoting neurosteroid supporting brain 
development.185

Nutrient Supplementation Basics 
The following information is for informational purposes 
only. Each practitioner must weigh the risks/benefits of 
supplementation with the patient and their specific needs. 
Many supplements have not been studied sufficiently to 
establish their safety during pregnancy. However, the 
following suggestions have been used safely in many 
clinics around the country. It remains the responsibility 
of the practitioner to use the information wisely. There 
are some basic supplements that all women (and men) 
may benefit from, including a multivitamin with activated 
forms of vitamins such as methylcobalamin, methylfolate, 
pyridoxyl-5-phosphate (B6) and  vitamin K2; a multi-
mineral to include calcium, iron, zinc, potassium, 
selenium, molybdenum, etc.; Vitamin D (5-10K IU/day); 
and EFAs to include Omega 3-6-9 balanced ratios, instead 
of just fish oils. 

In addition to these basics, it may be important to 
supplement with the following nutrients as these have 
been shown to have a good safety profile and beneficial 
effects on pregnancy and fetal outcomes:186

1. Probiotics with a balance of acidophilus and 
bifidobacter species. Changing maternal microbiota 
is proving to be a beneficial epigenetic modifier.187

2. Coq10: 250 – 1000 mg. Low CoQ10 levels are 
associated with low birth weight and obstetric 
complications.188 Higher Coq10 levels are associated 
with improved fetal outcomes.186

3. Lipoic Acid (LA): 500 – 1000 mg. LA or alpha lipic 

acid (ALA) has been used safely during pregnancy 
for neuropathic pain (i.e. sciatica).189 It has also been 
shown to prevent neural tube defects, prevent beta 
cell damage from AGE formation, and support brain 
development of the fetus.190-195 Populations which 
may particularly benefit from ALA supplementation 
are older parents, diabetics, dysglycemic or PCOS, 
and those with autoimmune tendencies.

4. N-acetyl cysteine (NAC): 500 – 2000 mg. Especially 
important for dysglycemic mothers. Good for 
increasing egg and sperm quality as well as protection 
of fetus from xenobiotics.196-200

5. Methylation Support: Additional methyl nutrients 
(mehtylfolate 1-5mg, methyl cobalamin 500-
2,000mcg), especially if MTHFR positive, intrinsic 
factor antibody positive, obese or H. pylori positive 
as all of these are associated with diminished 
absorption/utilization as well as greater need for 
methyl nutrients.45,70-75 Supporting proper methylation 
prevents unwanted genes from being turned on and 
expressed during fetal development.

6. Bioitin – (100-1000mcg) May be needed in greater 
amounts than most women are getting.201

7. L-carnitine – (500-200mg) Carnitine can help 
improve fertility in PCOS patients as well as improve 
lipid status.202 Carnitine can improve mitochondrial 
function and support fetal development, especially in 
women who are overweight or obese either before or 
during pregnancy.203 As a PPAR-g agonist, it may also 
improve fetal cardiac development and function, thus 
preventing future susceptibility to cardiovascular 
disease.204,205

8. Adaptogens – HPA modulators such as panax ginseng 
may help limit fetal HPA and endocrine disruption, 
especially if the mother is exhibiting heightened 
stress responses.206

9. Anti-inflammatories – Resveratrol, ginger and 
curcumin are potentially of great benefit to mothers, 
especially those who exhibit elevated levels of CRP, 
LPS, ESR or other inflammatory markers.207

Relaxation Response For Modulating Stress hormones
Practicing a relaxation technique is one of the most 
powerful epigenetic modifiers in fetal development.208 
Elevated cortisol levels during fetal development 
represent one of the most studied inducers of altered brain 
growth and later cognitive and behavioral developmental 
disorders.209-213 Practicing yoga or some other relaxation 
technique during pregnancy changes stress responses and 
improves autonomic function of mother and fetus.214

Lifestyle 
Avoidance of toxic beauty products and household 
chemicals is paramount to protecting fetal growth. 
Exercise every day is essential, involving a balance of 
some cardio, weights, stretching and core work, which 
can assist with a smooth delivery. Social support is also 
positively associated with lowered cortisol levels and 
improved fetal outcomes.215

Maternal Diet And Weight Gain 
As mentioned above, a high-fat maternal diet 

(Continued on next page)



THE ORIGINAL INTERNIST    DECEMBER 2014 195

independently raises inflammation and alters fetal 
outcomes. Chatzi et al. provided evidence that a strict 
adherence to a Mediterranean diet provided offspring 
with lower risk of atopy, wheeze and adiposity later in 
life.101-104 There is no need for calorie increase until the 
third trimester as maternal weight gain is associated with 
offspring obesity, altered leptin signaling, CVD risk and 
altered brain development.37,45,216 A gluten-free diet also 
lessens the risk for offspring leaky gut, LPS formation, 
hypersensitivity and altered fetal growth trajectories.217 
There is emerging evidence that increased intestinal 
permeability begins in utero due to maternal stress, diet 
and infections.218 Therefore, treating the mother’s gut is 
of paramount importance. 

Postnatal Influences
Careful For Catch-up Growth 
As mentioned above, it may be more beneficial to curb 
catch-up growth rather than encourage unrestricted 
weight gain in LBW or SGA babies, which is what is 
currently promoted in obstetric offices around the world. 
For extremely LBW or SGA babies, gaining weight is 
important. However, rapidly crossing centiles is associated 
with later risk for obesity, diabetes, CVD etc.31-43

SNP Testing
Child SNP testing post natal for possible additional need 
of methyldietary nutrients. Testing an infant for MTHFR 
SNP’s and glutathione status may elucidate subpopulations 
at risk for toxicant-related neurological damage.

Breastfeeding
While breast feeding, some children may benefit from 
additional supplementation of methyldietary nutrients as 
breast milk, even if the mother is supplementing, may not 
be enough to provide optimal levels of some nutrients.45

Conclusion
Childhood and adult disease begins in utero. The fetal 
exposome imparts permanent changes to fetal DNA and 
organ function with lifelong consequences. It must be 
understood that the rise in childhood and adult diseases 
such as autism, diabetes, obesity, CVD and cancer 
are not just a product of later-life influences or simply 
genetic in cause. Rather, pathogenesis begins even before 
conception, in the maternal and paternal environment. 
If we want to improve the health of our society, it must 
begin with improving egg, sperm and fetal quality. 
Simple changes can be made in diet, lifestyle and 
nutritional status that will have unprecedented positive 
effects on current and future generations. It is clear 
that if we want healthy babies to grow up to be fully 
functioning and productive adults, then implementation 
of simple yet powerful dietary and lifestyle modifications 
should be offered to those of reproductive age. It begins 
with opening a dialogue and increasing awareness and 
understanding about the developmental origins of health 
and disease. The future can indeed be much brighter if 
the promise of individualized, personal medicine can 
be applied to our current and future parents-to-be. This 
will allow identification of at risk populations which 
would benefit from early intervention. Public policy and 

practitioner standards should be adjusted to address the 
most detrimental fetal programming influences such as 
nutrient deficiencies, obesity, inflammation, infection, 
hormonal imbalances and toxicant/endocrine disrupting 
chemical exposures.
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Once health has been regained it must be maintained.  
Health care is an evolving series of findings, evaluations, 
and re-evaluations based on the past, present, and assumed 
future diagnoses in manner each patient can understand to 
the point they will take personal responsibility.
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out hope there’s apathy, and with apathy there is no moti-
vation.  Necessity may be the mother of all invention, but 
motivation is the mother of allowance for all intervention. 
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SELECT 
NUTRITIONAL 
COMPONENTS 
TO SUPPORT 
MIGRAINE 
HEADACHES
by: Rachel Olivier, MS, ND, PhD and Court  Vreeland, DC, DACNB

A migraine headache is classified as one of the primary 
inherited headache disorders.  It is estimated that thirty-
six million Americans, or about 12% of the population, 
suffer from migraine headaches.1  “Over excitability 
of specific areas of the brain”1  is specifically noted in 
migraine headaches.  Common migraine triggers include: 
specific foods and beverages, such as aged cheese, 
alcoholic beverages, food additives such as nitrates (in 
pepperoni, hot dogs, luncheon meats), and monosodium 
glutamate (MSG), commonly found in Chinese food.  
These triggers are thought to be responsible for up to 30% 
of migraines.2   Other triggers include: excessive caffeine, 
menstrual period, excessive fatigue, missing meals, or 
changes in normal sleep patterns.  The primary symptom 
is intense throbbing in an area of the head.  Other common 
associated symptoms include: sensitivity to light, noise, 
odors, nausea and vomiting, stomach upset or abdominal 
pain, loss of appetite, fatigue, dizziness, and blurred 
vision.2  Rare symptoms include fever and diarrhea.   

According to the World Health Organization, migraine is 
one of the 20 most disabling medical illnesses.  Although 
there is no cure for migraines, recognized treatment 
options are available.  Nutritional supplementation 
can also be of benefit; as certain compounds have 
demonstrated benefits in mitigating vascular effects, thus 
aiding to control migraine headaches.  These compounds 
will be discussed below.  

Riboflavin referred to as vitamin B2 (vitamin G), is 
a water-soluble B-vitamin involved in the formation 
of flavin adenine dinucleotide (FAD) and flavin 
mononucleotide (FMN).  Both FAD and FMN function in 
oxidation-reduction reactions, and act as coenzymes in the 
mitochondrial respiratory chain, as well as in numerous 
other pathways.  There are also numerous other FAD 
and FMN-linked enzymes, including xanthine oxidase, 
cytochrome reductase, glutathione reductase, and lactate 
dehydrogenase, all of which play important roles in the 

body.  Riboflavin also functions in the redox cycle of 
glutathione.  Glutathione is a major antioxidant, and plays 
an important role as a participant in protecting organisms 
from reactive oxygen species, such as hydroperoxides.  

Riboflavin deficiency may impair iron absorption, 
increase intestinal loss of iron, and/or impair iron 
utilization for the synthesis of hemoglobin.3   Riboflavin 
is also essential for metabolism regulation.  In relation 
to headaches, Boehnke, C, et al. noted a significant 
reduction in the frequency of headaches with riboflavin 
intake.  Prophylactic treatment with riboflavin (400mg/
day) was demonstrated to both reduce migraine attack 
frequency, and to attenuate the use of abortive anti-
migraine therapy. 4   

Butterbur (Petastis hybridus) is a perennial shrub that 
has lilac-pink flowers and can grow up to three feet 
high.  It is found throughout Europe, as well as in parts 
of Asia and North America. The genus name, Petasites, 
is derived from the Greek word “petasos”, which is the 
felt hat worn by shepherds.  Its botanical and common 
names are attributed to its broad leaves, up to three feet 
in diameter.  Its common name is attributed to the large 
leaves being used to wrap butter during warm weather.5  
Its habitat is typically wet, marshy ground, damp forests, 
or adjacent to rivers or streams.  

Butterbur has been used for hundreds of years to 
treat aches and pains, including headache.6  There are 
numerous studies outlining the benefits of butterbur for 
migraine prophylaxis.  In a study comparing Butterbur 
root extract and music therapy in pediatric migraines, 
both were demonstrated to cause greater headache 
reduction as compared to placebo.  Butterbur root extract 
and music therapy might also be superior to placebo 
and may represent promising treatment approaches in 
the prophylaxis of pediatric migraine.7  In another study 
group daily consumption of Petasites extract at a dose of 
75mg, bid was demonstrated to decrease the frequency 
of migraine attacks by 48%, compared to the placebo 
group (p = 0.00102).8  In a separate study migraine 
frequency improved in >50% in 45% in the Butterbur 
group, while improvement in the placebo group was only 
15%.9   Butterbur has also been demonstrated to reduce 
smooth muscle spasm.  It is believed that Butterbur likely 
acts through calcium channel regulation and inhibition 
of peptide leukotriene biosynthesis, thus influencing the 
inflammatory cascade associated with migraine.10 

Importantly, Butterbur from differing manufacturers 
varies in the quantity of the targeted active phytochemical 
group called petasins.  A high quality Butterbur will 
possess distinguishable quantities of the six different 
petasins, including: 3-desoxy-neopetasol, isoperasin, 
neo-petasin, petasin,11 neo-S-petasin and S-petasin.  In 
examining different sources of Butterbur, a Chinese 
extract evaluated did not show the presence of 
sesquiterpenes, suggesting the absence of petasins.   This 
demonstrates the importance of supplier evaluation, 
which allows product formulation with the raw materials 
possessing the most activity.   
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Contraindications: 
• Butterbur is not recommended for those with 

dermatologic conditions, as butterbur may cause skin 
discoloration, pruritus, rash, and/or hot flushes.12,13

• Butterbur is not recommended for those with 
gastrointestinal diseases, as discoloration of stools, 
dysphagia, vomiting, burping, upset stomach, pain, 
nausea, diarrhea, indigestion, bitter taste, flatulence, 
and constipation have been reported.12,13,14,15,16,17,18,19,20,21

• Butterbur is not recommended in patients with 
somatoform disorders.13,20

• Caution is advised when used in patients with certain 
musculoskeletal conditions, as arthralgia, limb pain, 
and other pain complaints have occurred in some 
patients treated with butterbur.21 

• Butterbur is not recommended in patients with eye 
conditions, as according to secondary sources, 
butterbur may cause itchy eyes.  22

• Butterbur is not recommended in patients with 
respiratory conditions as butterbur may cause 
respiratory problems such as difficulty breathing and 
wheezing.12, 13, 20 

• Butterbur is not recommended in patients with 
hepatic disorders or those taking anticholinergic 
agents, as butterbur may increase liver enzyme levels, 
particularly when administered in high doses.12, 21, 23  

Feverfew (Tanacetum parthenium) Feverfew is a daisy-
like perennial, herbaceous herb.  The name feverfew is 
derived from the Latin word febrifugia, meaning “fever 
reducer,” and was traditionally used as an antipyretic.  
It is noted to possess aperient (constipation relief), 
carminative, and bitter properties, and is also useful as an 
emmenagogue (stimulates blood flow in the pelvic area 
and uterus areas).  It is also said to, “allay any distressing 
sensitiveness to pain”.24   The 17th Century English 
herbalist Culpeper wrote of the effectiveness of this herb 
for headache and uterine disorders.25   

The active principles are noted to include one or more 
of the sesquiterpene lactones, including parthenolide, 
which is the main sesquiterpene lactone in feverfew.26   
Other potentially active constituents include flavonoid, 
glycosides and pinenes.  Noted pharmacology properties 
include: anticancer, anti-inflammatory, cardiotonic, 
anti-spasmodic, an emmenagogue, as well as an enema 
for worms.  Parthenolide comprises up to 85% of the 
total sesquiterpene content and is found primarily in 
the superficial leaf glands (0.2%–0.5%), but not in the 
stems.27,28,29  

Feverfew also possesses anti-inflammatory activity.  
Extracts of the above ground parts and leaf extracts have 
been noted to suppress prostaglandin production, with leaf 
extracts inhibiting to a lesser extent.  It is assumed that 
the lipophilic compounds other than parthenolide may be 
associated with its anti-inflammatory activity, particularly 
with reducing human neutrophil oxidative burst activity, 
as indicated by some studies.30,31,32

Contraindications:  
• Feverfew is contraindicated in patients allergic to 

other members of the Asteraceae family, such as aster, 
chamomile, chrysanthemum, ragweed, sunflower, 
tansy, and yarrow. Due to its potential antiplatelet 
effects, it is not recommended for use in patients 
undergoing surgery.  Patients with blood-clotting 
disorders should consult their health care provider 
prior to using products containing feverfew.   

• Pregnant women should not use the plant because 
the leaves possess emmenagogue activity (ejection of 
the placenta and fetal membranes) and may induce 
abortion. It is also not recommended for breast-
feeding mothers or for use in children younger than 
2 years of age.  

Coenzyme Q10 (emulsified).  Migraine due to 
mitochondrial impairment has been theorized in certain 
individuals.34,35  As a component of the electron transport 
chain Coenzyme Q10 (CoQ10) participates in aerobic 
cellular respiration, generating energy as ATP, and thus 
functions as a necessary component in cellular energy 
production.  Ninety-five percent of the body’s energy is 
produced in this manner.  In addition to CoQ10’s assistance 
in cellular energy production, it also functions as an 
antioxidant.  Low levels of CoQ10 have been reported in 
numerous disease states as well as in the ageing.36,37,38,39   
Several factors have an effect on the serum and/or tissue 
concentrations of CoQ10.   These factors include genetic 
mutations, ageing, cancer, as well as therapy from certain 
drugs, most notably the statin medications used in the 
management of cholesterol.  

CoQ10 has been proposed as a prophylaxis for migraines, 
especially in children and women of childbearing 
age.40   Magnetic resonance spectroscopy (MRS) studies 
suggest an impaired energy metabolism in the brain and 
skeletal muscle of migraine patients.41  Since CoQ10 
plays an essential role in the mitochondrial respiratory 
chain via its function as a redox carrier, permitting the 
“transfer of reducing equivalents from complex I and 
complex II to complex III”42, a deficiency in CoQ10 
results in insufficient transfer of protons across the inner 
mitochondrial membrane.43 This, in turn, affects the 
“generation of adenosine triphosphate and all adenosine 
triphosphate–dependent metabolic processes.”43  
Additionally, “a defect of reduced nicotinamide adenine 
dinucleotide (NADH) dehydrogenase, citrate synthase, 
and cytochrome-c-oxidase platelet activities in migraine 
patients” has also been noted.44   According to Bianchi, 
A, et al., “if a decreased energy state characterizes the 
migraineur’s brain, compounds such as CoQ10, which 
improves mitochondrial function, could theoretically 
be used in migraine prophylaxis.”45  In an open label 
investigation (non-blinded) Rozen TD, et al. demonstrated 
that CoQ10, at a dose of 150mg/day, was effective as a 
migraine preventive.46   In addition, Barbiroli, B., et al. 
demonstrated improvements in both muscle and energy 
metabolism with CoQ10 administration in patients with 
“mitochondrial cytopathies”.47 

Polyphenolic-Like Compounds (derived from Lens 
esculenta extract) (Phytolens®).  Migraine as well as 
headache duration has been correlated to oxidative/
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antioxidative parameters, thus, antioxidants are 
proposed as beneficial adjuncts in migraine physiology.  
Polyphenolic-like compounds (from Phytolens®) possess 
numerous antioxidant characteristics, including the ability 
to quench both organic free radicals, and superoxide 
anions.  They have also been demonstrated to prevent 
the oxidation of ascorbic acid in solution, and prevent the 
autoxidation of linoleic acid in vitro, more effectively than 
BHT and alpha tocopherol.  Specifically, these compounds 
were noted to “have beneficial effects on inflammation 
via the attenuation of peroxynitrite-induced apoptosis 
and macrophage-dependent immunity.”48   Distinctively 
defined, these compounds are “a water-soluble extract of 
polyphenolic antioxidants from non-soy legumes.”48  

Polyphenols are noted as compounds that possess 
antioxidant properties both in vivo and in vitro.49   They 
have also been associated with an inhibition of epidermal 
lipid peroxidation, with the degree inhibition dependent 
upon the polymerization in polyphenol structure.  Also 
noted was the greater degree of polymerization in the 
polyphenol structure, the greater inhibitory potential 
towards lipid peroxidation.50

Procyanidins are known to possess many beneficial 
properties.  Specifically, the procyanidins from grape 
seed “are known to exert anti-inflammatory, anti-arthritic 
and anti-allergic activities, prevent skin aging, scavenge 
oxygen free radicals and inhibit UV radiation-induced 
peroxidation activity.”50  

The combination of the above noted nutrients 
(MygranX™) were utilized as part of a small clinical 
evaluation to determine its effect on migraines in select 
patients.51   Preliminary data indicated that it reduced 
headache severity in four of the six patients, while five 
out of six patients reported reduction in frequency.  Other 
noted experiences included an improvement in mental 
sharpness, and an increased interest in participation in 
outside activities.  Side effects noted were mild, and 
included nausea and some gastrointestinal disturbances.  

As a consequence of the many harmful oxidative reactions 
that take place in the body, as part of the metabolic and 
physiological processes that occur, the generation of 
reactive oxygen species, which include: superoxide 
radical anions, hydroxyl radicals, and hydrogen peroxides, 
results in oxidative reactions, and in turn oxidative 
stress.  These oxidative reactions may be harmful to the 
body, thus, the need for antioxidant support.  For that 
reason, “the hypothesis of oxidative stress in migraine 
is supported by various studies.”52,53,54,55   Nutritional 
compounds, specifically antioxidant compounds, may 
assist in mitigating the effects that stress may play in 
migraine pathology.   
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Introduction
Many concerned health workers, from different back-
grounds, now recognize that the exaggerated incidence of 
overweight/obesity is a worldwide epidemic with troubling 
consequences.1-3  While the average afflicted person is 
most upset with his/her outward appearance, surplus fat 
buildup is associated with a number of ominous, long-
term health disturbances including serious cardiovascular 
and metabolic perturbations.3-5  It is fortunate that 
many afflicted with body fat overload are looking for 
manageable remedies, even if it is only to improve their 
scale measurement and outward appearance.

Although diet and exercise continue as the mainstays 
to shed excess body fat, the majority of humans require 
additional means to achieve some success.6  While the 
employment of drugs would seem to be a logical solution, 
their inherent toxicity creates a significant barrier against 
such practice.7  Accordingly, the utilization of dietary 
supplements, which are safer in comparison, could provide 
a needed way out.6,8  The major criticism against dietary 
supplements in general is that while ordinarily safe, they 
are often ineffective. Nevertheless, over the last couple of 
years, use of extracts from Garcinia cambogia (also known 
as the Malabar tamarind) for weight loss has received 
considerable publicity via television and the internet that 
has, in turn, led to enthusiastic public acceptance.8-11

In spite of wide spread acceptance as a therapeutic tool, 
two major issues arising from the impatient demand for 
Garcinia products have beleaguered a multitude of health 
providers.  First, the quality of many or even most of the 
products in the market is questionable.  To give a cogent 
example, the active ingredient linked to fat loss in Garcinia. 
cambogia is hydroxycitric acid (HCA) or one of its salts 
10 Consumerlab.com in testing 11 Garcinia supplements 
discovered that only five contained the quantity of HCA 
reported on the label.12  When stabilization of the product 

is taken into account, a topic discussed below, the number 
of acceptable products would theoretically diminish even 
more markedly. 

Unrealistic hope is a second concern that arises much too 
often with use of Garcinia cambogia extract for body fat 
loss. Expectations tend to be misguided in at least two 
areas - both the speed and the extent of weight loss.  These 
matters, also, are addressed below.

Background Of Garcinia Cambogia 
Garcinia extracts are traditional to India and often are 
referred to as extracts of Malabar tamarind.8-11 The 
Malabar tamarind is commonly used in cooking in the 
western coastal cities of India and Sri Lanka – a tradition 
that has continued for centuries.  From the fruit, gravies 
with a sour, fruity tang are created.  Interestingly, whereas 
Westerners prefer sweet fruits to flavor yogurt, Indians 
very often add a dollop of Malabar tamarind instead.  Of 
utmost importance, the fruit also provides an early sense 
of having enough to eat (satiety) in addition to making the 
foods taste more satisfying. Suffice it to say, long-term 
usage free of any adverse reactions to the general public 
suggests that safety should not be a concern, a conclusion 
consistently strengthened by reports in the literature.13-15  
HCA provides at least two benefits desired by overweight/
obese individuals: first, it boosts the levels of satiety 
leading to reduced caloric intake without stimulating the 
central nervous system and second it lowers the number 
of calories stored as fat.9-11

There are at least three current theories to explain appetite 
suppression associated with HCA. None are mutually 
exclusive.  Initially, appetite suppression was thought to 
result from increased glycogen production/accumulation 
with concomitant stimulation of glucoreceptors in the 
liver that send signals of satiety to the brain.11  However, 
an animal trial in which the hepatic branch of the vagus 
nerve was severed (hepatic branch vagotomy) found that 
there was no effect found with this surgery in comparison 
with controls over the first four days and a limited effect 
thereafter, findings that cast doubt on the glulcoreceptor 
hypothesis.16  Recent clinical and preclinical studies 
show that a Garcinia cambogia extract increases levels 
of serotonin, a neurotransmitter involved in sleep, mood 
behavior, and appetite regulation.17-19 Both animal and 
human studies performed over the last decade have added 
yet another benefit from HCA - lower insulin levels, an 
effect associated with reduced appetite.20,21   All things 
considered, it is possible that multiple mechanisms are in 
play.

HCA initially was discovered in laboratory studies begun 
around the nineteen sixties and seventies.  These showed 
that the compound is found in the rind of the Malabar 
tamarind.22 Studied in well-established academic (Harvard) 
and pharmaceutical (Roche) research laboratories, this 
unique biochemical was determined to inhibit an enzyme 
called ATP-citrate lyase.23  By doing such, HCA blocks 
the bodily conversion of ingested carbohydrates into fat.24-

27  Subsequently, the blocked carbohydrates are diverted 
into energy production and glycogen accumulation rather 

(Continued on next page)
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than augmenting the mass of stored fat.28  Fatty acids 
located in the body’s “fat pool” continue to be released 
and because they are not completely replaced, a reduction 
of the body’s overall fat level occurs.  The lowering of 
circulating insulin levels mentioned above as caused by 
HCA ingestion produces a greater aptitude to burn rather 
than accumulate fat.21 Other animal studies have clearly 
demonstrated the effects of the Garcinia extract on leptin 
and insulin concentrations that may explain, at least in 
part, the appetite changes in the rats.29-31

Important Facts Concerning The Correct Form And 
Use Of Garcinia
The early clinical studies assessing the weight loss 
effects of Garcinia extract have resulted in widespread 
confusion.  Not all came up with a common result - 
some were positive, some were negative.32  We will 
detail several of these early studies in the present report, 
but for the moment our goal will be to describe reasons 
behind these initial differing results.  We believe there is 
as a minimum one obvious reason behind the confusion 
emanating from the different respective research groups 
- the bioavailability of the examined extract.  In order 
to attain optimal results, the anti-obesity agent must 
be handled properly - use the proper form of Garcinia 
(quality), use the proper dose (quantity), and use the 
proper timing and delivery mechanism for the dosing.  
Even many of the experts writing on Garcinia extract 
have failed to look at these requirements when assessing 
the results of research investigations. As an example of 
one of the complexities found with Garcinia products, 
the active component of Garcinia extract HCA takes two 
forms: free HCA which is active but tends to be unstable 
and the more stable but inactive form - HCA lactone.33,34  
If not handled properly, the active form has a tendency to 
revert to the more stable but inactive lactone form.  The 
passage of time can encourage inactivation of Garcinia 
extract via lactone formation, especially if the powder is 
placed in fluid. While manufacturers usually tell you how 
much HCA is present in their preparations, they seldom 
can tell you how much is the inactive HCA lactone form.  

There is at least one means to overcome lactone formation, 
but this comes with its own problems. Converting the 
acid HCA to an HCA “salt” by adding a stabilizing 
alkaline material, if properly performed, prevents lactone 
formation.  Therefore, in standard preparations, the 
free acid becomes a calcium (Ca), potassium (K) and/
or magnesium (Mg) salt. Ca is the usual salt form, but 
unfortunately when the extract is entirely Ca, it becomes 
poorly bioavailable and requires extremely high doses 
to make it even somewhat effective.35 Addition of a 
monovalent cation, either K or Na or a combination of 
the two, helps overcome this issue. Thus, more activity 
is achieved when a significant portion of the salts in the 
preparation are K, Na and/or Mg.  As a rule of thumb, 
K makes an HCA salt that is more bioavailable than is 
Mg, and Mg makes an HCA salt that is more bioavailable 
than Ca. Therefore, it is very important when judging the 
efficacy of a Garcinia extract to know the characteristics 
of the salt makeup. The point is worth repeating; the 
poorer the bioavailability, the greater the dose needed for 

efficacy so that under dosing does not defeat the purpose 
of taking the supplement.

Complications To Interpretations Of Laboratory And 
Clinical Studies
Other than having a low lactone HCA preparation made 
up in large part of K and/or Mg salts, this antiobesity agent 
must be handled properly. This includes not only using 
the proper form of Garcinia (quality), but also using the 
proper dose (quantity), and using the proper timing and 
delivery mechanism.  Even many of the experts writing on 
Garcinia extract have failed to look at these requirements 
when assessing the results of research investigations. 
Indeed, may published studies fail to make clear which 
version of HCA salt was used, a practice that has added to 
the confusion surrounding this compound.

Concerning quality of the product, converting the acid 
HCA to an HCA “salt” by adding a stabilizing alkaline 
material not only lessens lactone formation but also helps 
to prevent HCA from being bound to other items in the 
gut and then excreted. This type of binding sometimes is 
referred to as the “food effect” in which consumed food 
interferes with the action of the compound. The point is 
worth repeating: the poorer the bioavailability, the greater 
the dose needed for efficacy so that underdosing does not 
defeat the purpose of taking the supplement.

When considering dose, one must distinguish between 
the quantity of Garcinia extract as well as the amount 
of the HCA salt.17-19  To be clear, we tend to refer to the 
latter. In the very early clinical studies, the daily dose 
of HCA was probably, from what we know now, low 
– usually less than 500 mg t.i.d., i.e., 1500 mg or less 
daily dose.32   Based on later experience with this salt, 
it was and still is our belief that this dose was far below 
that necessary for an optimal effect, at least for a Ca-K 
HCA preparation.  In terms of a Ca-K HCA preparation 
standardized to a 60 percent active content, a better dose 
would approximate 900 mg HCA taken three times a day 
before meals. (This amount can also be delivered as 2250 
mg of extract supplying the equivalent of 1350 mg pure 
HCA taken twice per day.)  Not many of the current ads 
for Garcinia extract recommend this much.  Accordingly, 
greater success should be attained with improved dosing.  
Successful clinical trials have used on the order of 4500 
mg per day of an extract yielding 60% HCA per day 
(2700 mg).17-19  With higher purity material, an HCA salt 
being more K rather than Ca, or a salt based on K and Mg, 
the amount obviously might be reduced accordingly.  It is 
important to realize here that there is a chemical limit to 
the HCA concentration than can be delivered via a given 
salt that is fully reacted.  For instance, a fully reacted 
K-Mg HCA salt that is 25% K, 4% Mg and 99% pure still 
can deliver an HCA concentration of approximately 70%.  
Label claims above this level with most commercial HCA 
products are suspect and likely indicate the presence of 
either lactone or free acid.

An important recommendation is to take the extract on an 
empty stomach.  This is because in the presence of food, the 
HCA salt can bind to some of the components in the meal 

(Continued on next page)
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and be inactivated.  This is the “food effect” mentioned 
above and can seriously reduce the bioavailability of a 
number of supplements, not just HCA.

Finally, a word about the suggestion being placed on 
the Internet that one should not consume more than 
3000 mg of an HCA salt per day.  This advice appears 
to be based on one Japanese animal study in which the 
animals were fed a Ca-HCA salt that was extremely high 
in HCA lactone.36 The HCA free acid and HCA lactone 
are powerful chelating agents. In the study in question 
which involved male rats36, HCA lactone most likely 
chelated available zinc from the system –– a serious issue 
for rapidly growing male animals inasmuch as zinc is re-
quired for testicular development.37  To our knowledge, no 
one else has demonstrated any significant adverse effects 
from a fully reacted HCA salt, even in long-term studies 
at levels of intake many times greater than the equivalent 
of 3000 mg per day.38,39

PubMed records a half dozen recent safety reviews of 
HCA, and all of these reviews find Garcinia cambogia 
extracts / HCA to exhibit safety similar to that of citric 
acid, the acid found in oranges, other citrus fruits, and, 
indeed, in almost all fruits and berries.13-15

Clinical Studies
In a 1998 report, Heymsfield et al. asserted that although 
earlier clinical studies assessing the effectiveness of 
Garcinia cambogia extract reported positive findings, 
many contained flaws.40 These flaws included: (a) small 
sample size41,42, (b) failure to include a placebo and/
or [c] inaccurate measures of body lipid changes.41  
Nevertheless, certain studies reveal informative findings 
despite perceived shortcomings.

The randomized, double-blind, placebo-controlled “Thom 
study” was carried out on 60 obese subjects (30 placebo, 
30 active) who received a dose of 440 mg HCA t.i.d. 
(1320 mg daily) 30 minutes before meals.41  Even though 
the method to estimate fat mass was questioned.39, 68% 
more weight loss occurred in the active group (-6.4 Kg) 
than in the placebo group (-3.8 Kg), p<0.001). Reduced 
appetite was also reported.41 

Another criticism raised was that many of these initial 
studies examined a formula containing the Garcinia 
extract rather than the Garcinia alone.43,44 Garcinia extract 
added to a formula is still very popular today. In an early 
study published only in abstract form, one of the current 
co-authors (GK) provided subjects with the following 
formula on a daily basis: HCA 1500 mg, L-carnitine 
1200 mg, and 600 mcg of chromium as picolinate.45  In 
this randomized, placebo-controlled, double-blind study, 
186 subjects (93%) completed the protocol and when 
questioned reported taking over 50% of the capsules.  
By underwater measurements, the average loss of body 
fat levels between placebo and active groups showed a 
statistically significant difference (p<0.01).  During the 
four-week testing, the placebo group lost -1.40 lbs of 
fat compared to -2.84 lbs of fat for the active group.  No 
adverse effects were reported in the active group.

In 2003, a double-blind, randomized, placebo-controlled, 
parallel group designed in-vestigation was carried out 
on a total of 44 subjects whose visceral fat area was 
increased above normal (greater than 90 cm2).46  Subjects 
were assigned to receive treatment for 12 weeks with 
Garcinia cambogia (containing 1000 mg of HCA per day) 
or placebo with a four week follow up period in which all 
groups received only placebo.  39 subjects (n=18 active 
and n=21 placebo) completed the study.  Regardless of 
gender, Garcinia cambogia alone reduced abdominal 
fat accumulation (P<0.001) simulating the fat-reducing 
ability of HCA in a formula as reported by Kaats et al.45   
No severe adverse effects were noted during the test 
period.

Heymsfield et al. examined 135 subjects (69 placebo 
and 66 active) over 12 weeks.40  The daily dose of HCA 
was 1500 mg.  The placebo group lost an average of -3.2 
kg, while the active group lost -4.1 kg of body weight.  
These differences did not prove statistically significant.  
Accordingly, the investigators concluded, “Garcinia 
cambogia failed to produce significant weight and fat 
mass loss beyond that observed with placebo.”  However, 
many readers of the report criticized the findings, because 
no mention was made of the type of Garcinia salt used 
in the study - thus making it difficult to determine the 
appropriateness of the dose.  In addition, the daily diet 
containing 1200 Kcal may have been too low to show 
a difference between groups on appetite suppression 
despite the positive results in the Thom study in which 
a near similar daily caloric intake was used.41  Notably, 
the Thom study took place in Europe and the Heymsfield 
study took place in the United States, hence differences 
in diet and eating habits may have played roles in the 
differing results.40,41

In two studies performed around 2004, it was hypothesized 
that the variability in findings in preceding studies may 
have been due, at least in part: (a) to the quality of the 
HCA preparation (b) to under dosing of the HCA product, 
and (c) to differing compliance of subjects.17,18  The two 
randomized, double-blind, placebo-controlled human 
studies were subsequently combined to obtain a better 
evaluation of statistical analyses in a larger population.19 
Accordingly, the weight loss efficacy of a novel, water-
soluble, Ca-K salt of (-)-hydroxycitric acid (HCA-SX)) 
was investigated in a total of 90 obese subjects (age 21-50 
years; BMI: 30-50.8 kg/m2) for 8 weeks by monitoring 
changes in body weight, body mass index (BMI), appetite 
loss, lipid profile, serum leptin and serotonin levels, and 
enhanced excretion of urinary fat metabolites. Three 
randomly divided groups of 30 subjects were examined: 
Group A received a daily dose of HCA-SX 4,667 mg 
(providing 2,800 mg HCA per day), Group B was given 
a daily dose of a combination of HCA-SX 4,667 mg 
(providing 2,800 mg HCA), niacin-bound chromium 
(NBC) 4 mg (providing 400 mcg elemental chromium) 
and Gymnema sylvestre extract (GSE) 400 mg (providing 
100 mg gymnemic acid), and Group C was given a placebo 
in three equally divided doses 30-60 minutes before each 
meal. All subjects received a 2,000 Kcal diet/day and 
participated in a supervised walking program for 30 min/

(Continued on page 211 )
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day, five days/week. 82 subjects completed the study. 

Compliance is a very critical issue in weight loss 
investigations.47 In the above two studies, 2000 Kcal/
diet(s) were designed and prepared under the supervision 
of well-trained dieticians. Study monitors delivered the 
study agents (Garcinia alone, Garcinia formula, or pla-
cebo) three times a day (active and placebo) and, in 
turn, also provided meals (breakfast, lunch and dinner) 
approximately 30-60 minutes after the observed oral 
ingestion of the study supplement(s) or placebo.  Thus, 
compliance was 100% in both studies.

At the end of eight weeks, both body weight and BMI 
in Group A decreased by 5.4%. LDL and triglycerides 
levels in Group A were reduced by 12.9% and 6.9%, 
respectively, while HDL levels increased by 8.9%. Serum 
leptin levels in Group A decreased by 38%, serotonin 
levels increased by 44.5%, and enhanced urinary 
excretion of fat metabolites including malondialdehyde, 
formaldehyde, acetaldehyde and acetone, increased 
by 32-109%. In Group B, both body weight and BMI 
decreased by approximately 6.7%. LDL and triglyceride 
levels were reduced by 18.6% and 19.5% respectively in 
Group B, while HDL levels increased by 21.6%. Serum 
leptin levels decreased by 43.2% in Group B, serotonin 
levels increased by 56.6%, and urinary excretion of fat 
metabolites increased by 52-150%. The amounts of food 
consumed in Groups A and B were significantly lower 
than in the placebo Group C.  No significant adverse 
effects were observed. Results demonstrate that HCA-
SX and, to a greater degree, the combination of HCA-SX 
plus NBC and GSE can serve as a novel supplement(s) in 
weight management by reducing body weight and BMI, 
suppressing appetite and modulating lipid profile, leptin 
and serotonin levels, and increased fat oxidation.

In another study three years later, fifty obese women were 
randomly allocated equally to a placebo or active group.48  
Each subject received 1.15 grams of Garcinia atroviridis 
as a sachet dissolved in water t.i.d. before meals.  Since 
is the HCA content is approximately 10-30% of the fruit 
rind, the average daily dose of HCA in the sachet would 
be between 345 mg and 1,035 mg – all things considered, 
a relatively low dose.  The subjects in the active and pla-
cebo groups received a similar diet containing 1000 Kcal/
day.  Despite the stringent calorie intake and the low 
dose of HCA, the active group lost more weight than the 
placebo group (2.8 Kg vs.1.4 Kg over 2 months, p<0.05). 
The decrease in tricep skin fold thickness was interpreted 
to indicate fat loss.  The authors concluded that HCA in 
Garcinia atroviridis was effective for short-term weight 
loss.

Realistic Weight Loss Expectations
A major challenge to dieters trying HCA as a weight loss 
aid is impractical expectations.  Most major clinical trials 
testing HCA for weight loss over eight weeks have led 
to an average weight loss approximating one pound per 
week.  However, the major losses may not be apparent 
for the first two weeks.49-51  Even in a pilot study in which 
over the first two weeks there was a clear and significant 

reduction in food intake, there was no significant loss of 
weight over this period and the test subjects themselves 
were not aware of how much less food they were eating.51  
In other words, weight loss is not always noticeable 
during the first two weeks of usage and the appetite 
inhibition experienced with HCA is subtle and may not 
initially be perceived except for a reduced tendency to 
snack between meals and a reduced tendency to eat at 
bedtime.  The poorer initial response in weight loss to 
HCA has even been demonstrated in rat studies.52  The 
clinical trials demonstrate that HCA, used appropriately, 
can lead to significant weight loss, yet not usually quickly 
and not usually with pronounced experiential qualities.  

There are at least two realistic possibilities to explain 
why HCA does not usually lead to noticeable weight 
loss during the first two weeks.  One reason is better 
hydration and another is enhanced glycogen storage.  
First, as is known from animal experiments, HCA causes 
the body to more fully rehydrate, which is to say, to have 
sufficient moisture stored in the tissues.  Aside from the 
benefits to health in general, better hydration is a boon 
to endurance athletes because being able to fully hydrate 
the tissues improves exercise performance.  Second, it is 
well estab-lished that people who have been overweight 
or obese for a period of time, as is true generally of those 
suffering from the Metabolic Syndrome, have only small 
stores of glycogen in the liver and muscles compared to 
healthy lean counterparts.  HCA ingestion may rapidly 
increase glycogen storage, again, something that has been 
demonstrated conclusively in animals and athletes with 
the ingestion of monovalent HCA salts (K and Na counter 
ions are monovalent).53,54

The upshot is that despite eating less food and also 
metabolizing more fat for energy, hence losing body fat, 
people often find that the initial effect of adding HCA to the 
diet is not noticeable.48-50  The fat loss is counterbalanced 
initially by gains in weight from tissue hydration and 
from more glycogen in the liver and muscles.  Instead of 
weight loss, changes in body shape are often the first signs 
that the HCA is working.54 The dress size goes down, the 
belt gets pulled in a notch, the muscles feel more “full” 
and pumped, recovery from exercise is faster, etc., even 
though the scale is not registering any changes.

Conclusions
Garcinia cambogia can be an effective “fat loser” for the 
majority of individuals if an active product is employed 
precisely as directed. Why not 100% effective?  Being 
biologically different, humans respond differently.  Even 
the most accepted of our therapeutic drugs do not work 
100% of the time on everyone.  Then too, as suggested 
above, humans do not always comply with instructions 
as they should, making any proven natural ingredient or 
drug less effective therapeutically.  To repeat, even a very 
effective agent, can appear ineffective if used improperly.  
We have a saying, “If you don’t comply, don’t complain.”

To summarize how to achieve the best results with a 
Garcinia cambogia extract.
1. Chose a preparation that is at a minimum 50% HCA 
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and is not composed wholly of Ca salts: make sure K 
and/or Mg is present.  If the product is 60% or more 
HCA and has a low lactone content, that is even better.

2. Be sure to take an adequate dose with plenty of water. 
For a Garcinia extract used successfully and reported 
in a peer-reviewed publication18, the dose was near 
1500 mg taken three times a day before meals.  With 
a 60% Ca-K HCA salt, that approximates 900 mg of 
HCA prior to each meal.  A very pure K or K-Mg HCA 
salt likely will be effective at a significantly lower 
level of intake because of greater bioavailability.

3. Take the product on an empty stomach, i.e., 30-60 
minutes, before meals.  Food dramatically reduces 
the bioavailability of HCA.

4. Do not expect to experience either significant weight 
loss or powerful appetite suppression over the 
first couple of weeks.  HCA’s impact on appetite is 
significant, yet subtle; and its impact on body weight 
is significant over an eight-week period, but seldom 
over the initial two weeks of ingestion.  The mirror, in 
this case, is more instructive than is the scale.

5. “If you don’t comply, don’t complain.”  Take the right 
dose at the right time.
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Dr. Robert Arne 
Littleton, CO

Dr. John Baer 
Englewood, CO

DABCIs and Where They Are
Dr. Debra Carpenter
Pueblo West, CO

Dr. Terry Collinson 
Colorado Springs, CO

Dr. Rita Cummings 
Denver, CO
 
Dr. Paula Dechert 
Denver, CO 

Dr. Jeffrey Gappa
Brighton, CO

Dr. Lewis Holm 
Littleton, CO 

Dr. Roberta Johnson
Centennial, CO

Dr. William Kleber 
Berthoud, CO 

Dr. Reiner Kremer 
Franktown, CO  

Dr. Steven Lokken 
Colorado Springs, CO 

Dr. Duane Lowe 
Colorado Springs, CO 

Dr. Brandon Lundell
Longmont, CO

Dr. David Paradiso
Colorado Springs, CO

Dr. Corrie Pillon
Denver, CO

Dr. Philip Pollock
Sterling, CO 

Dr. Deborah Riekman 
Colorado Springs, CO 

Dr. Kimberly Schmidt
Ft. Collins, CO

Dr. Christie Sonchar 
Colorado Springs, CO

Dr. Thomas Turner 
Boulder, CO

Dr. Michael Vanaria 
Boulder, CO  

Dr. Brian Wilson 
Englewood, CO

CONNECTICUT
Dr. Gina Carucci
Wethersfield, CT

Dr. Suzanne Chester
Simsbury, CT

Dr. Paul DiDomizio 
Wolcott, CT

Dr. Ralph Manfredi
New Fairfield, CT

Dr. Mark Pappas
West Haven, CT

Dr. Joanne Santiago
Avon, CT

Dr. Cheryl Vincent
Simsbury, CT

FLORIDA
Dr. John Findlay
W. Palm Beach, FL

Dr. David Frerking 
Tavares, FL 

Dr. Marguerite Gerger 
Clearwater, FL
 
Dr. Elena Morreale 
Tampa, FL

Dr. Janice Piro 
Palm Harbor, FL
 
Dr. Susan Player 
Clearwater, FL
 
Dr. John Podlaski 
Ocala, FL

GEORGIA
Dr. Larry Haberski
Stone Mountain, GA

IDAHO
Dr. Uma Mulnick 
McCall, ID 

ILLINOIS
Dr. Delilah Anderson 
Sandwich, IL

Dr. Jeffrey Bergin 
Lindenhurst, IL 

Dr. Stephen Boudro 
Elmhurst, IL

Dr. Shawn M. Breton 
Arlington Heights, IL

Dr. Rhonda Button 
Carmi, IL

Dr. Christine Cosgrove
Roselle, IL 

Dr. Sharon DeFrain
Peotone, IL

Dr. Mete Durum 
Arlington Heights, IL 

Dr. Rachael Fabbi
St. Charles, IL

Dr. Raymond Ferre  
Decatur, IL

Dr. Mark Fredrick 
Gurnee, IL 

Dr. David Hepler 
Lincoln, IL 

Dr. William Hogan 
Lombard, IL 

Dr. Lester Holze, Jr. 
Elgin, IL
 
Dr. Cindy Howard 
Orland Park, IL

Dr. Frederick Hult 
McHenry, IL

Dr. Grant Iannelli 
Lombard, IL

Dr. Thomas Jensen 
Sterling, IL

Dr. Theodore Johnson 
Chicago, IL

Dr. James McGinn, Jr. 
Crystal Lake, IL

Dr. Michelle Oliver
Springfield, IL

Dr. Anthony Pantanella 
Hoffman Estates, IL

Dr. Brittany Parisot-Sebby 
Crystal Lake, IL

Dr. Michael Poierier 
Lombard, IL

Dr. Robert Pyne, Jr. 
Palos Hills, IL
 
Dr. William Shelton 
Lombard, IL 

Dr. Douglas Stam 
Bourbonnais, IL 
 
Dr. Melanie Tiahrt
Alton, IL

Dr. Cara VanWormer
Clarendon Hills, IL

Dr. Chun Wong
Algonquin, IL

Dr. Steven Zaeske 
Orland Park, IL

Dr. Alex Zevan, III 
Bloomingdale, IL 

INDIANA
Dr. John Bernzott 
Connersville, IN

Dr. Thomas Jansen 
Kendalville, IN

Dr. William Lyden
Mishawaka, IN 

Dr. Brian McGuckin 
Valparaiso, IN

Dr. Robert Prather 
Indianapolis, IN

IOWA
Dr. Ramneek Bhogal 
Davenport, IA

Dr. Gary Bowden 
McGregor, IA 

Dr. Darlene Ehlers 
Tipton, IA

Dr. Robert Friedrichs 
Mason City, IA 

Dr. Tracy A. Stomgren 
Glenwood, IA 

Dr. Lynn Theesfield 
Ames, IA

Dr. Zach Watkins
Johnston, IA
 
Dr. Anita Wubenna 
Parkview, IA

KANSAS
Dr. Mark Albers 
Wichita, KS

Dr. Lynn Betz
Auburn, KS

Dr. Ben Bowers
Wichita, KS

Dr. Richard Brown 
Olathe, KS 

Dr. Susan Buchanan-Cheney
Phillipsburg, KS

Dr. Ralph Cardin
Overland Park, KS

Dr. H.M. Chalker 
Meade, KS 

Dr. Dustin Cheney 
Phillipsburg, KS

Dr. Rodney Clements
Eldorado, KS

Dr. Paul Hughes
Edgerton, KS 

Dr. Tobi Jeurink
Gardner, KS

Dr. Katherine Kubovy
Overland Park, KS

Dr. Christena Nicholson
Overland Park, KS

Dr. Janie  Pirner
Wichita, KS

Dr. Alvin Schwerdtfager
Lindsborg, KS

Dr. Ron Young
Salina, KS

LOUISIANA
Dr. Stephanie Clay
Baton Rouge, LA

Dr. Robert W. Smith
Baton Rouge, LA

MARYLAND
Dr. Wayne Sodano
Bel Air, MD

MASSACHUSETTS

Dr. Nancy Bronstein
Great Barrington, MA

MICHIGAN
Dr. Daniel M. McGregor
Prudenville, MI

MINNESOTA
Dr. Jeffrey Anderson 
Edina, MN

Dr. Robert Bergan 
Minneapolis, MN

(Continued on next page)

Optimal cognition with a lemon twist. 
Proper brain support throughout life is essential to maintaining a 

healthy memory, as well as other cognitive functions.* Vital Brain® 

combines powerful brain nutrients including phosphatidylserine, 

glycerophosphocholine and acetyl l-carnitine, to promote mental 

performance in all age groups.* Vital Brain is now available in an all-

natural refreshing lemon flavor.  

Now Available in Lemon!

888.328.9992 | vitalnutrients.net

*This statement has not been evaluated by the Food & Drug Administration.  This product is not intended to diagnose, treat, cure or prevent any disease.

Made in the USA | FDA-Inspected Facility 
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Dr. Timothy Bertsch 
Champlin, MN

Dr. Linda Bowers 
Bloomington, MN

Dr. Russell DesMarais 
St. Paul, MN

Dr. Joel Eichers 
Chanhassen, MN

Dr. John Gerber 
Blaine, MN

Dr. Timothy Gerhart 
Red Wing, MN

Dr. Jedidiah Krauss 
St. Louis Park, MN 

Dr. Mac Beth Lindstrom 
Slayton, MN 

Dr. Todd McGillick 
Gaylord, MN

Dr. Thomas Miller 
Coon Rapids, MN
 
Dr. Joseph Muldoon 
Slayton, MN

Dr. Brenwyn  Peddycoat 
White Bear Lake, MN

Dr. Gregory Peterson
Winona, MN 

Dr. Dane Roubos 
Bloomington, MN 

Dr. Sandra Spore 
Stillwater, MN

Dr. Leslie Stewart 
St. Paul, MN 

Dr. Charles Strauman 
St. Louis Park, MN

Dr. Terese Tomanek 
Duluth, MN  

Dr. Timothy Whelan 
New Hope, MN 

Dr. Jon Williams 
Bloomington, MN
 
MISSOURI
Dr. David Clark 
Oak Grove, MO

Dr. Charles Eckert
Raymore, MO

Dr. Scott Hollis
Blue Springs, MO
 
Dr. Jay Kessinger
Rolla, MO

Dr. Robert Kessinger
Rolla, MO

Dr. Darren Kirchner
Kahoka, MO

Dr. Kelley Kirchner
Kahoka, MO

Dr. Mable Leckrone 
Liberty, MO

Dr. Duane Lowe
Maplewood, MO 

Dr. Terry Nelson 
Independence, MO

Dr. R Vincent Satterwhite
Kansas City, MO

Dr. Jeremy Thornton
Stockton, MO 

Dr. Jeffrey S. Ware
Lake St. Louis, MO

Dr. Robert Wiehe
West Plains, MO 

NEBRASKA
Dr. Christopher Murray
Hastings, NE

Dr. Mallory Rupp
Grand Island, NE

Dr. Scott Sole
Kearney, NE

NEVADA
Dr. Howard Balduc 
Las Vegas, NV

Dr. Craig Roles 
Henderson, NV

NEW JERSEY
Dr. Jon Mastrobattista 
Bernardville, NJ

Dr. Perry Ricci 
Egg Harbor City, NJ 

NEW MEXICO
Dr. John Dalton
Roswell, NM

Dr. John H. Gelhot
Albuquerque, NM

Dr. Shereen Jegtvig 
Albuquerque, NM

NEW YORK
Dr. Ronald Safko
New York City, NY

Dr. John Zilliox
Amherst, NY

NORTH CAROLINA
Dr. William R. Armstrong 
Laurenburg, NC

Dr. Phillip Arnone  
Matthews, NC 

Dr. Stephen Button 
Mount Airy, NC

Dr. Karen Carrick 
Raleigh, NC

Dr. Rick Davis
Conover, NC

Dr. Nikolas R. Hedberg 
Asheville, NC

Dr. Dean Kenny
High Point, NC
 
Dr. Sandrine Martin 
Cornelius, NC

Dr. Jacqueline McKool
Rutherfordton, NC

Dr. Barbara Saunders 
Garner, NC
 
Dr. Todd Smith 
Winston-Salem, NC

Dr. Mark Yeager
Charlotte, NC

OHIO
Dr. Robert Gilbert 
Mansfield, OH

Dr. Mark McAdoo 
Athens, OH 

Dr. Van Merkle 
Dayton, OH 
 
OKLAHOMA
Dr. Gerry Langston 
Tulsa, OK 

Dr. Mark Mercer
Mannford, OK 

Dr. Colleen Robinson
Duncan, OK

Dr. Richard Santelli 
Bethany, OK 

Dr. Michael Taylor 
Tulsa, OK

OREGON
Dr. Daniel Beeson
Portland, OR

Dr. David Braman 
Tuelatin, OR

Dr. Kathleen M. Galligan
Oregon City, OR

Dr. Edward M. Geller
Medford, OR

Dr. Usha Honeyman 
Corvallis, OR

Dr. Steven Lumsden
Gresham, OR

Dr. Kenzie Maloy
Hermiston, OR

Dr. Scott Northrup 
Brookings, OR

Dr. Kristopher Peterson 
Hermiston, OR

Dr. Thomas Richards 
Beaverton, OR

Dr. James Siegel
Canyonville, OR

Dr. Mark Thomas 
Cottage Grove, OR

Dr. David Wickes
Portland, OR

PENNSYLVANIA
Dr. Bruce Fink  
Coudersport, PA

Dr. Mark Homison 
Cranberry Township, PA

Dr.  Karen L. Jorgensen
Pittsburgh, PA 

Dr. John LaHoda
Richboro, PA 

Dr. Fredrick Osterberg 
Red Lion, PA

RHODE ISLAND
Dr. Jennifer Welch
Westerly, RI 

SOUTH CAROLINA
Dr. Jon Bergrin 
Florence, SC 

Dr. Bruce Gwinnup 
Charleston, SC

Dr. Peter Kfoury 
Charleston, SC

Dr. Morgan  Kutzner
Greenville, SC

Dr. Robert Pascal 
Charleston, SC

Dr. Virginia Samuel
Columbia, SC

SOUTH DAKOTA
Dr. Roger Bommersbach 
Brookings, SD 

Dr. Roger Prill 
Mitchell, SD 

Dr. David Schwierert 
Rapid City, SD

TENNESSEE
Dr. William Strauss 
Lebanon, TN

TEXAS
Dr. Edward Brown 
Dallas, TX

Dr. Ralph Burton 
Kennedale, TX

Dr. Lance Carlton-Durrett
The Woodlands, TX

Dr. Victor Carsrud
Austin, TX

Dr. Steve Grimm
San Antonio, TX

Dr. Doreen Lewis-Overton 
San Antonio, TX

Dr. Joe Lindley 
Houston, TX

Dr. Tim McCullough 
Houston, TX

Dr. Zachery McVey
League City, TX

Dr. Gregory Mrozinski
Houston, TX

Dr. Mike Prioux
Friendswood, TX

Dr. Benjamin Storey
San Angelo, TX

Dr. V.M. Thompson
Arlington, TX

UTAH
Dr. Richard Allen
Sandy, UT

Dr. Don Vradenburg 
St. George, UT

VIRGINIA
Dr. Robert Duca 
Dunn Loring, VA 

Dr. Guntrang Khalsa 
Herndon, VA 

WASHINGTON
Dr. H. Earl Moore 
Spokane, WA

WISCONSIN
Dr. Michael Berglund 
Kenosha, WI

Dr. Leslie Best 
Madison, WI 

Dr. Barbara Bradley 
Wausau, WI 

Dr. Kevin Branham 
Eagle River, WI

Dr. Bernie Finch
Pepin, WI 

Dr. Gwendolyn Gauerke
Iola, WI 

Dr. Craig Gilbaugh 
Ashland, WI 

Dr. Kathleen Maedke 
Milwaukee, WI 

Dr. Cheryl Metzler 
Green Bay, WI

Dr. Gina R. Schultz
Blanchardville, WI

Dr. David A. Sommerfield
Rice Lake, WI

Dr. Dean Willhite
Manitowoc, WI

Dr. Kelly G. Worth
Racine, WI
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