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Blood sugar control is the key focus of nutrition and diet planning for people with 

diabetes. Historically the most attention has been paid to adjusting the intake of the types and 
amounts of carbohydrate throughout the day, including the newer concepts of “carbohydrate 
counting” and the “glycemic index.” Additional attention has been paid to total calories and total 
fat content, plus the content of saturated fat and “trans” fat because of the importance of weight 
control in diabetes, and the increased risk of cardiovascular disease.  These remain the basis of 
diet and nutrition interventions for diabetes. 
  

However, information is becoming available about the special roles of certain vitamins, 
minerals, phytochemicals, and some forms of dietary fat that appear to be useful in various 
ways in fighting diabetes and its consequences.  The nutrition tools described here do not “cure” 
diabetes – but in many cases they have been shown to have the capacity to decrease the risk of 
diabetes developing.  Others have demonstrated that they can be useful for people who already 
have it by helping with diabetic control, or by making diabetes hurt them less. This includes 
reduction in complications like blindness, kidney failure, neuropathy, impaired circulation, and 
even birth defects.  
 
Some have been shown to be helpful in at least one of seven ways: 
 

1) Enhancing insulin sensitivity. 
 
2) Using antioxidants to minimize secondary damage from poor diabetes control  

caused by higher than normal production of free radicals.  
 

3) Reducing the severity of inflammation that has been shown to be associated  
with diabetes to decrease risk of developing diabetes (including Type I, Type 
II and gestational forms.) 
 

4) Helping stabilize/improve excessive fluctuations of blood sugar that can  
sometimes be a problem in spite of following the diet very carefully (e.g. what 
some people used to refer to as “brittle” diabetes.) 
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5) Minimizing risk of developing other threats to health and well-being,  
including conditions that are known to be exacerbated by diabetes.  

 
6) Minimizing the risk of developing diabetes. 
 
7) Discovering the emerging miscellaneous effects of a variety of phytochemicals  

(plant substances) on the diabetic state. 
 
------------------------------------------------------------------------------------------------------ 
 

Happily, all of the diet or nutrient ideas suggested here are also reported to be beneficial 
for most folks in terms of decreasing risks associated with one or more of a variety of chronic 
illnesses, including cardiovascular disease, cancer, MS, arthritis (both rheumatoid and osteo,) 
alzheimers, parkinsonism, depression and osteoporosis. In other words, the suggestions are all 
health-promoting for the whole family, whether one has diabetes or not … they are just 
even more important if you DO have diabetes.   
 

It is also extremely important to note that all of the suggestions are based on 
research reported in the legitimate peer-reviewed scientific literature. None are based on 
wild claims made on the internet (or elsewhere.) There is no law against fiction in America, and 
therefore there are quite a lot of false claims made for diet and nutrition in particular, often in the 
interest of selling products.   

 
Many of the “dietary supplements” sold are in fact not related to nutrition at all.   Many 

are actually pharmaceutical products, but a loop-hole in the FDA laws allows the marketing of 
substances in the “dietary supplement” category without having to show “safety and 
effectiveness” as they would if marketed as pharmaceutical products. 
 

Understandably, the existence of so much nutritional quackery in the world has made 
health professionals hesitant to consider nutrition manipulations to be legitimate adjuncts to 
management of complex diseases like diabetes.  There is a tendency to just “throw the baby out 
with the bathwater.” The purpose of this paper is simply to highlight areas of research that are 
identifying the real “babies” to watch out for. 
 

All the suggestions included here are generally regarded as safe at this time (I never 
recommend anything that comes anywhere near to “scary,”) and they are often easy to do and 
inexpensive.  In two cases, the amount of the substance that has been shown to be beneficial is 
somewhat impractical to attempt when using the currently available over-the-counter products.  
In these cases, a prescription for the appropriate higher dosage product makes it much simpler.  
Although these two products and one other are also among the more expensive interventions 
discussed, the prescription form may be covered by insurance even though the over-the-counter 
form is not.   
 

As always, the information provided here is simply my best interpretation of the 
research currently available.  No claims are made that any of the large official health 
organizations have approved this message. It is all subject to change, which is why my papers are 
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clearly marked with a date. And as is always the case for everything in the world  “more research 
is ALWAYS needed,” but now there is actually quite a lot of research out there, and certainly for 
some things there is clearly enough evidence to initiate some safe and cheap changes.  It’s at the 
“won’t hurt / really might help” level.   

 
I am not selling anything – no supplements, no diet plan, no books. My only goal is to 

try to do some good for people. However, also as always, not all the suggestions are appropriate 
for every individual, so be sure to discuss things with your personal health care provider. 
Feel free to share these materials with him/her. 
 

References for the research cited in this paper are included at the end, divided into 
subtopics.  In the interests of brevity and saving trees, I will sometimes refer you to another of 
my papers for more complete information about a particular topic. In addition, papers with more 
details on this topic and others are available for free on the website of Sanford Health (formerly 
MeritCare Medical Center):    

 
http://north.sanfordhealth.org/healtheducation/speakers/cathy_breedon/pdfList.aspx  

 
Or just Google my name, and select “Handouts from Cathy Breedon Sanford Health”  

 
------------------------------------------------------------------------------------------------------ 
 
Part One:   Enhancing insulin sensitivity and  

decreasing incidence of diabetes. 
 

Magnesium and chromium are two minerals which have specific roles in carbohydrate 
metabolism. Both are frequently suboptimal in the diets of the majority of Americans (based 
on data from the National Health and Examination Survey – NHANES) for a variety of reasons 
and assuring adequacy has been shown to be critical for insulin sensitivity.  For more details, 
references, and specific recommendations, please see “Aunt Cathy’s Guide to Nutrition: 
Magnesium” and “Aunt Cathy’s Guide to Nutrition: Chromium.” 
 

Chromium 
 
Chromium is a component of “Glucose Tolerance Factor.” It has roles in the 

metabolism of carbohydrate, protein and fat. Supplementation of chromium picolinate (a 
well-absorbed form) has been shown to be helpful in blood sugar control and weight loss 
among people with Type II diabetes on sulfonylurea medication.  However, at least in the 
amounts studied, it may not show all the same benefits among obese people on insulin whose 
type 2 diabetes is poorly controlled.  But just supplementing at the Advisable Intake levels 
has also been shown to have a role in managing dyslipidemias like high triglycerides and 
high LDL cholesterol. 
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As expected, additional supplementation is unlikely to add further benefit if one’s 
needs are already met.  However, the assumption of chromium adequacy is clearly erroneous 
for most Americans and standard care typically does not include asking questions about 
intake of chromium-rich foods or chromium supplements. In fact, many folks, including 
many health professionals, are not familiar with which foods are the richest sources.  It has 
been generally “not in our radar.”  This continues to a be a problem when interpreting studies 
providing supplemental chromium are conducted showing no apparent benefit with outcomes 
like “developing diabetes” or changes in “insulin resistance,” but actual chromium status at 
the onset is not evaluated.  
 

Chromium is not the only player on the team, but it is definitely one of them. It also 
has roles in cholesterol and triglyceride metabolism, heart disease and possibly atypical 
depression. Improved cognitive-cerebral function has been demonstrated in older adults with 
chromium supplementation. Inadequacy is common and definitely not benign.  References 
follow at the end of this paper. 

 
For more information please see my handout: 

 “Aunt Cathy’s Guide to Nutrition:  Chromium.” 
 
 

Magnesium 
 

Magnesium has many roles in metabolizing carbohydrate, protein and fat, including 
being an essential cofactor in the production of ATP via the TCA Cycle. [ATP is a major 
form of energy used by the cells … we make by burning carbohydrate, fat or protein fuel.]  In 
fact, magnesium is known to play a role in over 300 chemical reactions in our bodies 
including nerve activity and managing heartbeat, so it is not a surprise that it is a very 
important nutrient, and that inadequacy can be an issue in a broad range of health conditions.    

 
Magnesium is specifically important for the functioning of the insulin receptors on 

cells, so magnesium inadequacy is a known contributor to insulin resistance, a key feature of 
Type-2 diabetes.  In a very large prospective study from Harvard University it was found that 
women with the poorest magnesium intake from food compared with the highest were 25% 
less likely to have developed diabetes over a 16 year period.  

 
 

In a Framingham study, magnesium intake was 
associated with insulin sensitivity in a threshold fashion, 

with a threshold seen at 325 mg magnesium daily. 
 
An important finding in the National Nutrition and Health 

Examination Survey (NHANES) from the Center for Disease 
Control was that the majority of Americans take in less than 2/3 
of the normally recommended amount of magnesium.   
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The magnesium RDA for women is 320 mg and 420 mg for men, and as the RDAs 
are based on the needs of people who do not have diabetes or other health problems.  People 
with diabetes, however, often need magnesium intake levels above the RDA for reasons 
explained later.  
 

A low magnesium level in the blood (hypomagnesemia) is highly prevalent in 
outpatients with diabetes. High plasma triglycerides, waist circumference and albuminuria 
(all of importance in diabetes) are also independent correlates of hypomagnesemia.   
 

The amount of magnesium in the blood is extremely important for heartbeat and other 
critical functions so the body works very hard to keep the amount in the blood in the normal 
range. The blood magnesium level is controlled by hormones and not by daily intake, so a 
low level of magnesium in the blood can be a marker of serious problems. It also means that 
a normal blood magnesium level does not assure adequate magnesium levels in other parts of 
the body or in the diet. 

 

People with poorly controlled diabetes are at particular risk of actually losing 
magnesium.  That is because when blood sugars are high enough that sugar spills over into the 
urine, it takes magnesium with it, resulting in an additional loss of magnesium.   

 
This also occurs when one uses certain blood pressure medications like thiazide 

diuretics, like furosemide (Lasix.)  Any diuretics that are known to result in potassium loss will 
also result in a magnesium loss, but often this is not recognized and corrected. More will be said 
about magnesium later, and I also have a separate handout available on line with much more 
detail on this critical nutrient.    
 

Magnesium Summary 
 

Magnesium insufficiency in the general public is quite common 
 
Magnesium insufficiency is even more common among people with diabetes.   
 
Magnesium intake from foods or supplements is rarely evaluated by health  

care professionals. 
 
Improving poor magnesium intake has the potential to help reduce the  

incidence of both obesity and type 2 diabetes. 
 
Improving poor magnesium intake has the potential to help decrease insulin  

resistance among people who already have diabetes. (At the very least, it   
gives us all a more level playing field.) 
 

Rule of Thumb: Terrific magnesium sources are the parts of plants that will  
become “baby plants” … nuts, seeds, legumes and the germ of grains.  
Including any kind of nuts, whole grains and wheat germ, any seeds (e.g.  
sunflower, flax), and legumes (peanuts, dried beans, peas and  lentils) is the  
best way to provide generous dietary magnesium 

 
For more information on magnesium, please see:  “Aunt Cathy’s Guide to Nutrition:  Magnesium”  and  “Aunt 
Cathy’s Guide to Nutrition:   My Current Top Five Easy Ways to Improve Your Family’s Nutrition” 
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Vitamin K 
 
 Vitamin K adequacy is now recognized as important in diabetes because it has a 
role in both body fat and diabetes/glucose metabolism. Researchers have described a 
potential beneficial role for phylloquinone (vitamin K in the form found in plants) in glucose 
homeostasis.  Higher phylloquinone intake was associated with greater insulin sensitivity and 
glycemic status. (Phylloquinone intake, insulin sensitivity, and glycemic status in men and women. Am J Clin Nutr. 2008 

Jul;88(1):210-5.)   Other forms of vitamin K (e.g. menaquinone and menatretenone) are also being 
studied with success in correcting complications of deficiency. 

 
   As vitamin K inadequacy is now known to be much more common than was 
previously believed, the role of vitamin K in diabetes and obesity will likely begin to be 
evaluated even more closely in the scientific community.  
 
 Assuring vitamin K adequacy has also being found to be of great importance for 
prevention of certain contributors to cardiovascular disease, such as calcification of the 
arteries, increased arterial inflammation and high blood pressure.  Calcification of the kidneys 
is another consequence of vitamin K deficiency of particular importance in diabetes, as is 
osteoporosis, a condition known to be more prevalent among people with diabetes.  The role 
of vitamin K in these many conditions has only been identified in the years since 2005, so 
it is not yet well known, but the research is exploding on this topic.   
 
 Other general health problems related to vitamin K deficiency include pre-eclampsia, 
varicose veins and cancer of the stomach and colon. Clearly assuring adequacy is a very 
good idea for everyone, but it is especially important for people with diabetes. Vitamin K 
is fat soluble and this gives some folks the impression that it is therefore potentially quite toxic. 
However, vitamin K has been shown to be very safe. In fact, there is no 
upper level of safety established for this vitamin because no one has ever 
been found to be harmed by it.  
 

Re: Vitamin K interactions with the drug Coumadin  
 
 The exception to the general non-toxicity of vitamin K is an interaction with a 
specific medication. Coumadin is an anticoagulant that works by interacting with vitamin K.  
For this reason, consistency and adequacy of vitamin K are very important for the safety 
of using the drug.  People can use the drug Coumadin more safely when an adequate blood 
level of vitamin K is maintained because it prevents the extreme volatility that can be 
dangerous with this medication. 
 
 At present many people taking Coumadin are in fact deficient in vitamin K because of 
frequent misunderstandings and also due to the fact that the recognition of the body’s many 
other roles for vitamin K is quite new.  Correcting the problem of actual vitamin K 
deficiency among users of this medication must be managed by the patient’s health care 
provider.  (My paper just for health care providers on this specific topic is available as an 
email attachment but not on-line.) Note that many other anticoagulants do not operate via 
interaction with vitamin K, so assuring vitamin K adequacy is very easy and safe to achieve.  
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Seven factors are contributing to the 

high prevalence of unrecognized vitamin K inadequacy: 
 
  1. Vitamin K is not included in many vitamin supplements because it was assumed  
  that we could rely on intestinal bacteria to provide a substantial amount.  
 
 2. Our ability to rely on intestinal bacteria for vitamin K has been found to be overly 
  optimistic, and we are more reliant on an outside source than we thought. 
 
 3. The best sources are dark leafy green vegetables and many folks rarely eat them. 
 
 4. Vitamin K status is rarely evaluated because it has been assumed that it fine.  
 
 5. Currently established RDA-type recommended levels of vitamin K intake   
  have been shown to be insufficient to maintain older individuals in the  
  normal range of blood vitamin K. This has not yet been evaluated in other  
  age groups, but it seems likely that a similar result will be found. 
 
 6. People often incorrectly believe that vitamin K is likely to be very toxic because  
  it is “fat soluble.”  It is actually extremely safe and no upper end of a safe  
  intake has ever been established. 
 
 7. People using the medication Coumadin are the only people for whom vitamin K  
  must be provided in a consistent and adequate) amount.  Many of them  
  are actually vitamin K deficient and the deficiency interferes with the safe  
  use of the drug.  At this time, because these issues are so new, the safe use of  
  vitamin K with the drug Coumadin is very often poorly understood by the  
  public and by many health care professionals. 
 
 
 

For more information and details on the roles of vitamin K and ways to  
assure adequacy, please see my handout on line:  

“Aunt Cathy’s Guide to Nutrition:   
Vitamin K -- New Issues in Cardiovascular Health, Osteoporosis,  

Cancer of the Liver and Colon, Diabetes and Varicose Veins.” 
 

As noted earlier, I also have a separate paper available as an email attachment 
 for health care professionals  

focusing on managing vitamin K issues for their patients on Coumadin 
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Vitamin D 
 

 Vitamin D inadequacy is now known to be very common throughout the USA and 
around the world.  The World Health Organization estimates that 40-50% of the world’s 
population is vitamin D inadequate or insufficient.  It is frequently unrecognized but it is now 
beginning to be checked much more often, and today a vitamin D assay is actually the most  
requested laboratory value in clinics and hospitals. 
 
 Over 200 tissues have receptors for vitamin D hormone, so inadequacy 
compromises a number of functions and increases risk of many health problems, 
including cardiovascular disease, cancer, autoimmune diseases and compromised 
immune function. New roles in diabetes are also being identified. Here are some 
highlights: 
 
Type I Diabetes:  
 

There is a growing body of good evidence that inadequacy of vitamin D in early life 
may be one of the triggers that brings on Type I diabetes among genetically susceptible 
children.  For example, in a study in Finland, children who had experienced vitamin D –
deficiency rickets as infants were four times more likely to develop Type I (insulin dependent) 
diabetes. The data is accumulating all around the globe, and it is consistent with the well known 
observation that the northern tier of the US (and places of similar latitude around the world) 
is known as the “Rickets Belt”, the “MS Belt” and the “Type I Diabetes Belt.”   
 

Latitude is the most obvious factor in vitamin D inadequacy, but many other people are at 
risk because of skin color, clothing that covers a person up, diet, and several other important 
factors.  For many reasons, vitamin D inadequacy is a very large public health problem that 
has not yet captured the attention of most health professionals.  [I hope to be able to edit 
this last statement out in the near future.]  

 
In terms of Type I diabetes in particular, the current state of the art is to recognize that 

assuring adequacy of vitamin D can be protective against Type I diabetes to at least some 
degree. There appear to be several polymorphisms of vitamin D receptors that can affect the 
relationship, and a variety of other factors.   In any case, the documented high prevalence of 
vitamin D insufficiency in Americans and others, and in children with Type I diabetes in 
particular make it very reasonable to monitor vitamin D status in everyone and supplement if 
necessary to ASSURE adequacy instead of simply assuming adequacy.   
 

Here are just three examples of the many references on this topic found at the end of this paper:  
Vitamin D and increasing incidence of type 1 diabetes-evidence for an association?  

Diabetes Obes Metab. 2010 Sep;12(9):737-43.  
Significant vitamin D deficiency in youth with type 1 diabetes mellitus.  

J Pediatr. 2009 Jan;154(1):132-4. 
Vitamin D in diabetes mellitus-a new field of knowledge poised for D-velopment. 

.   Diabetes Metab Res Rev. 2009 Jul;25(5):417-9. 
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Type II Diabetes:  
 
Other studies suggest that inadequacy of vitamin D may contribute to Type II Diabetes 

as well as Type I, with additional roles in a wide variety of health problems.  These include death 
from all causes, heart failure, cardiac arrest, cancer of the colon, prostate, pancreas and breast, 
MS, muscle/nerve pain that is often missed and diagnosed as fibromyalgia, rheumatoid and osteo 
arthritis, muscle weakness and falling (sarcopenia), fractures, osteoporosis, poor prenatal 
outcome, and much more.   

 
Assuring adequacy is easy, cheap and crucial to good health, and it is now recognized 

that vitamin D inadequacy is very widespread in the US and around the world.  The World 
Health Organization (WHO) estimates  that 40-50% of the world’s population is at risk of 
inadequate vitamin D for a variety of reasons.   

 
It is very clear that many people require levels of vitamin D intake well above the 200-

400 iu RDA-ish recommendations.  As a rule-of-thumb, an intake of 2000 iu is a safe and 
reasonable maintenance dose.  Many people have been found in research studies to require that 
much to maintain healthy blood levels of this critical vitamin. (Note that 2000 iu is not a 
therapeutic dose for rapidly correcting a very low blood level. the “Top Five Recommendations” 
paper discusses these issues in greater detail.] 

 
As diabetes increases risk of cardiovascular disease, as does vitamin D 

deficiency, it would be prudent to take the extra step to ASSURE that one’s 
vitamin D level is adequate by getting an annual check of vitamin D stores 
especially during the winter. Also as discussed in the “Top Five Recommendations” 
paper, the blood level associated with the best health is 35-40 ng/dL or higher, and not the 25 
ng/dL that had earlier thought to reflect a health level. An important note: Some lab report print-
outs do not yet reflect this changing interpretation of “adequacy”;  they still say that 25 is 
“normal.” So when your lab comes back, be sure to ask what the your actual number of ng/dL is, 
and not be satisfied with a description that says “normal.” 

 
And, as discussed earlier, one’s intake of fruits and vegetables, intake of vitamin K, 

magnesium and chromium, and one’s serum vitamin C level also appear to be factors in the 
likelihood of developing Type II diabetes. 
 
 
Gestational Diabetes:   
 

“Gestational diabetes” (“pregnancy diabetes”)  develops in mid-pregnancy in 
some women.  It appears to develop less often among women with more vitamin D and 
vitamin C in their blood. A recent study showed a positive correlation of 25(OH) vitamin D 
concentrations (the measurement of vitamin D stores) with insulin sensitivity; they suggested 
that “vitamin D deficiency could be a confirmative sign of insulin resistance.”  In another 
study maternal 25OHD concentrations were found to be inversely related to fasting glucose 
in another study. 
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Women identified in a clinic as having gestational diabetes may actually have had 
unrecognized Type II diabetes all along. Additionally, people who are significantly 
overweight need higher intakes than others to maintain a normal blood level of vitamin D. A 
side note: with so many young women being overweight now, and because some will 
actually have unrecognized Type II diabetes, it will be important to begin checking for 
diabetes much earlier in pregnancy (preferably before conception) in order to minimize the 
birth defects that are associated with poorly controlled diabetes in very early pregnancy..  

 
For much more on this issue .please see  

“Aunt Cathy’s Guide to Nutrition: Top 10 Issues in Nutrition for Pregnancy”  
 

 
 

 Adequacy of Iodine and Selenium is important for normal metabolism.  The 
mineral selenium also appears to assist with moving glucose into the cells. Both selenium and 
iodine are centrally involved in the production of the hormone thyroxine by the thyroid gland. 
Thyroxine is responsible for setting one’s basal metabolic rate (BMR) … the amount of 
calories used to run one’s body in a resting state. Poor production of thyroxine contributes to 
weight gain and fatigue.  Selenium is also a part of a very important antioxidant in the body 
called glutathione peroxidase. More will be said about selenium later.  Risk of selenium and/or 
iodine inadequacy depends on the soil upon which one’s food was grown. Recently, a 
resurgence of inadequacy of iodine has been documented in America and around the world 
because of changes in food patterns. It is likely that the documented increase in iodine 
inadequacy is also contributing to weight problems.   

 
For more information on the return of iodine deficiency as a public health problem, please see: “Aunt Cathy’s 

Guide to Nutrition:   My Current Top Five Easy Ways to Improve Your Family’s Nutrition” 
 
 Exercise is not a nutrient, but it does play important roles in metabolism.  Besides 
affecting lean body mass (and so BMR,) and the calories burned from activity itself, it also 
has the capacity of helping to move glucose into the cells, so it is a cornerstone of prevention 
and also of treatment of Type II diabetes. Exploring this topic further is outside of the scope 
of this nutrient-focused paper, however.   
 
 

Part Two: Minimizing secondary damage from poor 
diabetes control caused by higher than normal production of 
free radicals 
 

“Free radicals” are normal waste products of metabolism. They can injure cell membranes all 
over the body if they are not “quenched.”  “Antioxidants” are the substances that quench free 
radicals.  A much greater production of free radicals than usual is well known and 
documented among people with diabetes. This is also true in many other diseases with disturbed 
metabolism, such as inflammatory diseases like MS or arthritis, or conditions with irregular fuel 
metabolism, such as obtaining a high proportion of calories from alcohol.   



 11

In diabetes, the greatest production of free radicals occurs in the people with the least 
well-controlled blood sugar levels.  Such excessive production of free radicals causes serious 
injury to cells and tissues and it is an important contributor to the development of diabetes-
related complications like heart disease, blindness, poor wound healing, kidney injury and nerve 
damage.   

 
The many references on this topic are at the end of the paper, but here is just one as a 

sample:  
Dietary antioxidant capacity is inversely associated with diabetes biomarkers: The 
ATTICA study. Nutr Metab Cardiovasc Dis. 2010 Feb 18. 
 
“CONCLUSIONS: Although more prospective studies are required, the data presented support the view that 
dietary modification towards higher consumption of antioxidants should be implemented in public health 
strategies, in order to better control glycemic markers in individuals, and prevent the development of diabetes 
at the population level” 
 

 
Here are some important points from a number of different studies: 
 
• There is evidence of significant slowing of the development of diabetes 

complications by assuring a generous intake of antioxidants.  “Generous” in 
this context usually means substantially more than the usual RDA-type levels (i.e.  RDA, 
RDI, AI, etc.).  As noted earlier, the RDA-type guidelines (by definition) are designed to 
meet the needs of the “healthy” population, so also by definition, they have little to say about 
the specific needs of people with serious metabolic diseases.   

 
• Vitamin and minerals with roles as antioxidants that have been studied quite a lot 

have included vitamins C and E, and the minerals selenium (part of the important 
antioxidant “glutathione peroxidase”) and zinc (as part of “Zn-Cu superoxide 
dismutase.”)  

 
• The ideal level of antioxidant vitamins is unlikely to be around the RDA-type levels.  As 

just one example, the author of a recent study concluded that:    
 

“The results suggest that megadose vitamin C supplementation [1-3mg/day] may have a 
beneficial effect in diabetes mellitus patients on both glycemic control and antioxidant status. 
Thus dietary measures to increase plasma vitamin C may be an important health strategy for 
reducing the complications of diabetes for patients.”    

 
• Higher vitamin C levels in the blood, and higher fruit and vegetable consumption were 

recently reported to be related to decreased incidence of type II diabetes in a 12 year 
study of over 20,000 people. They found a strong inverse association between plasma 
vitamin C level and diabetes risk.  

 
• The “odds ratio” of developing diabetes in the top quintile of plasma vitamin C was 0.38 

in a model adjusted for demographic, lifestyle, and anthropometric variables. That means 
that they divided folks up into 5 groups based on their blood vitamin C level, and the 
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group with the highest level was less likely to have developed diabetes.  For every 100 
who developed it in the group with the lowest vitamin C level, there were only 38 
who developed diabetes in the highest vitamin C group. 

 
•  In a similarly adjusted model, the odds ratio of diabetes in the top quintile of fruit 

and vegetable consumption was 0.78. (That is, people in the top fourth of intake 
were found to be about ¼ less likely to have developed diabetes.)  They concluded that 
higher plasma vitamin C level and, to a lesser degree, fruit and vegetable intake were 
associated with a substantially decreased risk of diabetes.  

 

• Our old friend vitamin E (alpha-tocopherol and its cousins like gamma-tocopherol) are 
back in the news with a lot of new research into its potential to protect against a variety of 
diabetes related complications.  

 

• It is also being shown that combinations of antioxidants may provide more benefit 
than a generous intake of any one antioxidant alone. As an example, in a study with rats 
with diabetes, the treatment with a combination of generous vitamins C and E had a 
significant positive effect on decreasing diabetic damage to learning and memory.    

 
• Another unique antioxidant that has been studied extensively in diabetes is alpha lipoic 

acid, (also called thioctic acid,) a B-vitamin-like substance made in the body from the 
essential fatty acid linoleic acid.  It also has a role in energy production, as it is required 
in two places in the TCA cycle involved in making ATP energy.  It is very safe, and the 
level that is generally agreed as being most likely to bring about positive effects in 
diabetes research has been 600 mg/day. A randomized, double-blind, placebo-
controlled, multi-center trial showed that alpha lipoic acid at an oral dosage of 800 
mg/day for 4 months significantly improved cardiac autonomic neuropathy in patients 
with type 2 diabetes. (Treat Endocrinol. 2004;3(1):41-52. ) 

 
This is one of the three supplement substances that were described earlier as being more 
expensive, and it is sometimes available on line or over the counter in pills of 50 mg or more. 
A prescription for a higher dose pill would facilitate things. One area in which alpha lipoic 
acid has been most effective (and most studied) is in peripheral neuropathy (nerve pain) 
research, but it now looks very promising in several areas of diabetes complication research.   

 
• Another potent antioxidant with other roles in energy metabolism is “ubiquinone” – 

Coenzyme Q-10.  It is very safe and helpful in a number of applications, but it is also 
more expensive and a prescription might be helpful for this reason. CoQ10 treatment 
significantly improved deranged carbohydrate and lipid metabolism of experimental 
chemically induced diabetes in rats. The mechanism of its beneficial effect appears to be 
its antioxidant property.  It has shown benefit in a variety of conditions involving altered 
metabolism (like diabetes but others as well) and specifically useful in eye health and 
muscle health. 
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• A generous intake of a variety of plant pigments (natural coloring agents) such as 
carotene in carrots, lycopene in tomatoes, lutein in spinach and anthocyanin, the 
blue/red color in blueberries are being shown to be terrifically beneficial in 
decreasing the complications rate in people who have diabetes.  They have been 
found to be VERY potent antioxidants – some (like Lycopene) have shown antioxidant 
protection at 200 times the antioxidant potential of vitamin E! 

 
Research into the control of free radical production (or “quenching” them after they 

are formed,) has shown antioxidants to have promising roles in kidney health, eye 
circulation, lens and retinal health, circulation of blood to the extremities, wound healing, 
peripheral neuropathy, erectile dysfunction, the development of gestational diabetes, and 
birth defects.  

 
It’s time to seriously consider adding antioxidant protection  

to our standard protocols 
 
For a review and recommendations for these vitamins, minerals and the plant pigment antioxidants, please see “Aunt 

Cathy’s Guide to Nutrition: Eye Health.” 
 
 
Part Three:  Reducing the severity of inflammation that has  

been shown to be associated with diabetes  
 

Inflammation is now being recognized as a significant contributor to heart disease 
and to tissue damage in general.  For example, inflammation inside the blood vessels is an 
important reason why cholesterol sticks to the arteries and builds up to block circulation.  Poor 
control of diabetes especially results in an increase in inflammation.  

 
Besides being a special problem in diabetes, this has been found to be true for many 

conditions that have an inflammatory component, such as rheumatoid arthritis, MS and 
inflammatory bowel disease. Inflammation is a normal part of the immune system, but excessive 
inflammation is injurious.  Sometimes inappropriate messages can be sent to cause tissues to be 
inflamed more than they should. The inflammation results from any chronic disturbances in 
normal fuel metabolism, such as that seen with diabetes, autoimmune diseases and excessive 
alcohol consumption. 
 

Two particular families of fats (called the omega-3 family and the omega-6 family) are 
used to make the inflammatory agents that are part of our immune system. The inflammatory 
agents are called prostaglandins.  When prostaglandins are made from an omega-6 fat they are 
way more inflammatory than when they are made from an omega-3 fat. 

 
Altering the ratio of omega-6 to omega-3 polyunsaturated fats has been shown to be 

an important step in achieving health for most Americans, and especially so in diabetes. 
Americans tend to eat about 10 grams of omega-6 fat for every gram of omega-3 fat. That is, we 
have about a 10-to-1 ratio of ‘sixes-to-threes.’   
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The demonstrably heart-healthy “Mediterranean diet” provides about a 4-to-1 ratio, and 
most healthy people would clearly benefit from change in this direction.  For people with 
diabetes, MS, and other hyper-inflammatory conditions, it has been suggested that a ratio of two-
to-one may provide additional benefit.   
 

One reason why our intake of omega-6 fats is so high is because many of the vegetable 
oils that we use a lot, like corn oil, are almost all omega-6. Soy oil has a little omega-3, canola 
has a bit more, and flax oil has even more. However, the vast majority of our foods are not made 
with canola oil, much less flax oil.  

 
What vegetable oils do they use in the Mediterranean Region?  They use a lot of olive 

oil and peanut oil instead of other vegetable oils.  Olive and peanut oils both are high in 
MONOunsaturated fat … a type that is neither omega-3 nor omega-6 and not involved in making 
inflammatory prostaglandins.  If we were to replace a significant amount of our usual omega-
6 dietary fat (like corn oil) with monounsaturated olive or peanut oil, though, it would 
make a very substantial change in the omega-6 to omega-3 ratio. 

 
These “heart healthy” monounsaturated and omega-3 fats are also the kind that are well 

represented in nuts and peanuts.  This another good reason to eat these foods which are also 
such excellent sources of magnesium and chromium. Nuts and peanuts are real winners for 
people with diabetes. 

 
The omega-3 and omega-6 vegetable oils are converted in our bodies to the forms of 

fat used to make prostaglandins. These are the fats called EPA (the omega-3 one) and ARA 
(the omega-6 one.)  We have always thought that if people ate the vegetable forms they could 
easily convert them to the EPA and ARA forms.   However, another important new discovery 
is that many people are unable to efficiently convert vegetable essential fats to these critical 
EPA and ARA fats that are used to make a variety of important substances.   

 
We can eat ARA omega-6 fat “ready-made” in meats, and “ready-made” EPA omega-3 

fat in fish.  However, if people who are unable to efficiently make these fats from vegetable oils 
eat meat and little fish, then ALL the fats they have available to make prostaglandings are the 
really inflammatory omega-6 type. 

 
Additionally, we are supposed to make an important fat called DHA out of EPA.  DHA is 

a primary fat of a healthy functional brain. Adequate DHA appears to be important in 
maintaining cognition, in retina health in the eye, and in mood.  This means that some folks are 
much more dependent on their diet to assure adequacy of both of these key substances. This 
defect in producing EPA, ARA and DHA fats from the forms in plants may be a significant 
contributor to inappropriate hyperinflammation and so it is very important in diabetes especially.   

 
This discovery is behind recommendations that “ready-to-go” sources of these fats, like 

fish or fish oil supplements have important health benefits for minimizing complications of 
diabetes, risk of cancer and heart disease, and in promoting a healthy outcome of a pregnancy. 
The American Heart Association recommends eating fatty fish twice a week or taking a 
1000 mg daily of fish oil (which contains ready-made EPA and DHA.) Some folks are 
advised to take more … for example some people who have high triglycerides in their blood 
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respond well to 2-4 times that amount. [Check with your doctor before using the higher doses, 
especially if you are taking aspirin or a medication to block blood clots.] 
 

  For more information  and specific recommendations, please see: 
 “Aunt Cathy’s Guide to Nutrition: Omega-3 Fats and Other Lipids.”  
 
 

 
Part Four:  Helping to stabilize excessive fluctuations  

of blood sugar    
 

Some individuals have a problem with widely fluctuating glucose levels in spite of 
following the diet, exercise and medication program very carefully. This used to be called  
“brittle” diabetes.  In the past, these people were sometimes suspected of “cheating” on the diet, 
since health care professionals could not explain the phenomenon.  Unfortunately, this 
accusatory response is still common in some settings.   

 
Increasing knowledge of the effects of other differences in types of 

carbohydrates consumed and factors affecting absorption have led to some 
changes in our globally accepted recommendations. For example, the carbohydrate called 
sucrose (regular table sugar) is not looking automatically bad, and the carbohydrate in the form 
of high fructose corn syrup is looking a bit worse. The high-fructose corn syrup issue is a matter 
of considerable discussion just now and the jury is still out.  

 
But clearly, some of the issues are related to whether one is taking in these forms of 

carbohydrate alone (as “empty calories” like in soft drinks) or whether they are eaten as a part of 
a meal that provides key nutrients involved in metabolizing the carbohydrate taken in. 

 
The popular movement toward whole grains/whole foods has improved the 

nutrient-to-carbohydrate ratio, resulting in an improved magnesium and chromium 
intake, as described above.  Increasing the intake of soluble and insoluble fiber in foods 
has positive effects, although we are quick to assume that it is the fiber in a “high fiber diet” that 
does all the good, when a high fiber diet clearly alters many other nutrition parameters as well. 
(If it were just the fiber providing the benefits, just taking some fiber supplements would do the 
job;  but we only see the great results when people eatnutrient-dense  foods that are naturally 
high in fiber.) 

 
In the not too distant past, the prescribed diet for diabetes was pretty strict about whether 

the carbohydrate in a food was sucrose or glucose or lactose or fructose or starch, so people were 
advised to eat very specific amounts of very specific food groups at each meal. Swapping foods 
between different food groups was discouraged because it was thought that the carbohydrate 
would probably be used very differently in the body.    
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However, because we can now easily check people’s blood sugar, we have learned that 
this distinction of carbohydrate type is much less important. We now commonly use a system of 
counting grams of carbohydrate in a meal or snack instead of the more rigid (and 
much less effective) “exchange system” for meal planning. This has been shown to make 
managing diabetes much simpler and people are much more successful using this approach than 
the older version.  
 

But now we also no longer perceive apple juice and an intact apple to be nutritionally 
identical in regard to the diet for diabetes, even if the number of grams of carbohydrate are 
identical and they are both from the old “fruit group.”  Other substances in the apple, like pectin 
(a type of fiber) for example, make a difference in how it affects our blood sugar.  The same is 
true of white bread and whole grain bread. Whole grain offers those important nutrients 
magnesium, chromium, fiber and vitamin E that are not provided in white bread.  That means 
that compared with nutrient-dense whole grain bread, white bread is more of an “empty calorie” 
food, and therefore less helpful in managing diabetes. 

 
Improved understanding of the fate of specific carbohydrate-containing foods as 

described above is lending some light to this puzzle, resulting in exploration of concepts such as 
genetic differences in people’s metabolism, and the “glycemic index” of foods and meals. A 
quick definition: The Glycemic Index is a comparison of the effect on blood sugar from eating 
50 grams of carbohydrate from a food compared with eating 50 grams of carbohydrate as plain 
glucose. (“Glyc- = glucose or sugar;  “-emic” = in the blood.) 

 
A food that is described as having a “low glycemic index” is one that will cause a smaller 

rise in blood sugar in response to eating it than would be produced by plain glucose.  The lower 
blood sugar response can help decrease injury to the circulatory system caused by frequent high 
peaks of blood sugar. In general, and for several reasons, more complex “nutritionally-dense” 
foods will usually have a lower glycemic index than “empty calorie” foods like regular soda. 
However, the glycemic index is just one more tool to use to manage blood sugar in diabetes.  A 
complete evaluation of this research is too large to include here. 

 
One other important piece of the puzzle of large fluctuations in blood 

sugar is less well known among health professionals, so I will address it here in some 
detail.  It has been found that relative inadequacy of a substance called 
“carnitine” exists in some people with diabetes and in others.  
 

Additionally, there is increasing evidence that supplemental carnitine can be of 
significant help in prevention or improvement of a number of complications of diabetes. For 
example, in a recent study the average serum free-L-carnitine levels in patients with 
diabetes who had complications was almost 25% lower than in the patients with no 
diabetes-related complications. On the basis of the study results, the researchers suggested 
that “carnitine supplementation in diabetic patients, especially in patients with diabetes 
complications, might be useful.” 
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Relative carnitine inadequacy has also been found to be a factor in a number of other 
health conditions, with special importance in kidney disease, high triglycerides, obesity, poor 
wound-healing and poor eye health … all of which are risk factors related to diabetes.  

 
Normally, one makes an adequate amount of carnitine in the liver and kidney from 

methionine and lysine (two essential amino acids,) and additionally carnitine may be obtained 
from meat. (That’s why it is called carnitine – it comes from “carne” which means meat in Latin 
and Spanish. Memory device: think of “chili-con-carnitine.”) Individual differences in 
requirements, diet, genetic carnitine production, and the use of certain medications (like valproic 
acid for seizure control) can result in a relative inadequacy.  
 

Carnitine is a key component of a cellular transporter called “carnitine 
palmitoyl transferase” which allows fatty acids to cross the mitochondrial 
membrane to be used as fuel to make ATP.  Because inadequate carnitine impairs 
one’s ability to move fatty acids into the mitochondrial membrane, symptoms can include 
lethargy, significant weight gain and obesity, poor exercise endurance, poor muscle tone, heart 
muscle damage (cardiomyopathy,) greatly fluctuating blood sugar, excessive appetite, elevated 
triglyceride levels in the blood, and if applicable, “breakthrough seizures.” and increased risk of 
liver toxicity from use of certain medications.  

 
The key feature that affects blood sugar is the fact that there are times when we 

normally switch to burning primarily fat as a fuel source in order to spare glucose for the brain – 
sort of like having “dual heat” in your home: gas and wood.  The brain does not burn long chains 
of fat like other tissues can do.  It can use only tiny bits of fuel like glucose molecules. But if fat 
is unable to be burned by other tissues because of carnitine inadequacy, a person will have 
to burn glucose that he/she really can’t afford to burn. [It is like living in North Dakota in the 
winter and running out of fuel.  You have to burn something to stay alive so you start burning the 
furniture!]  
 

This unusual need to burn carbohydrate because fat cannot be used can result in an 
extremely low blood sugar.  This, in turn, can trigger release of glucose as glycogen from the 
liver, causing blood sugar to rebound up high. At night when we are fasting, we usually switch 
over to burning mostly fat.  But poor carnitine status can make that effort fail. As a result, people 
can experience a low blood sugar in the night and it may not even wake them up.  While they 
sleep, a rush of “rescue” glucose from the glycogen stores in the liver will result in people 
waking up with surprisingly high blood sugars.  

 
Even more seriously, if no glycogen is available to provide the glucose to correct it, 

the low blood sugar can be injurious, and even life-threatening. This very serious kind of low 
blood sugar is especially a problem in people who use insulin as part of their diabetes 
management. 

 
People using insulin who experience unexpected low blood sugars or unstable blood 

sugars should be sure to  check out the possibility that inadequate carnitine is contributing 
to the problem. In some studies people with Type-1 diabetes have been found to have low 
carnitine levels in spite of our usual ability to simply make enough ourselves. It is a bit like 
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insulin in that way … people usually simply make enough ourselves and don’t need to take 
insulin. But as you are aware, some folks DO need to take it even if others do not. It may be the 
same with carnitine. 
 

Bottom line: if a person experiences this kind of yo-yo blood sugar with no 
identifiable cause, a trial on carnitine would be a good idea.  Getting a blood level is not 
necessarily helpful, because if it is low, then one would prescribe some carnitine.  However, if it 
is “normal,” the blood levels do not necessarily reflect adequacy in the other tissues like the heart 
muscle.  So, if there are suggestive symptoms, one would want to do a trial anyway. The usual 
dose is 50-100 mg/kg/day divided into 3 doses (just because of the high osmolality,)  with a 
maximum usually 3000 mg/day.   

 
For health professionals who want to do a trial for a patient who has symptoms as 

described, there is no reason not to start at the 100 mg/kg level, as the working presumption of 
the trial is that tissues may be depleted.  Starting too low and stopping too soon may mask a true 
effect.  When I do a trial, we monitor selected symptoms for change, and usually the trial would 
be continued for at least a month even in the absence of symptom relief, in order to be sure that 
any deficiency would have been corrected to the point of detection of symptom change. 
 

Carnitine is the other supplemental substance that requires a prescription for a trial 
and which can be expensive. Over-the-counter products are available, but their actual carnitine 
content is not assured, so at least for the trial, I would prefer to use the guaranteed product. 
However, more carnitine supplements are becoming available over-the-counter for lower prices, 
especially on-line.   It is also useful to consider the cost of carnitine supplementation against the 
cost of damage from blood sugar vacillation, and the impairment of energy production, 
endurance, and heart function etc., if the problem is not identified and corrected. 

 
Please see my more detailed paper on this topic:   

“Aunt Cathy’s Guide to Nutrition: A Short Carnitine Discussion That Might Be Helpful.” 
 
Part Five:  Minimizing risk of developing other threats to health and 

well-being, including some conditions that are known to 
be exacerbated by diabetes.  

 
There are a number of conditions for which people with diabetes are at increased risk.  

These include elevated homocysteine levels, depression, cardiovascular disease (including 
stroke), leg cramps, and general neuropathy. Some are related to medications, such as the 
effect of metformin (Glucophage) on vitamin B12 level. Other common problems that can cause 
trouble for people with diabetes (or anyone) are these: Proton pump inhibitors for GERD may 
also contribute to poor absorption of vitamin B12 from food, and seriously obese people with 
diabetes may have had (or plan to have) gastric bypass (bariatric) surgery, which can also 
compromise vitamin B12 absorption and absorption of many nutrients.  These situations will 
need a closer look than usual among people with diabetes. 
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At present, follow-up of micronutrient status in people who have had bariatric 
surgery has not been consistent or studied adequately. Often the only outcomes evaluated are 
losing weight and keeping it off, and any benefits seen in terms of cholesterol, blood pressure 
and diabetes. For many patients, risks associated with potential multiple micronutrient 
deficiencies are not assessed or followed at all. An additional concern is a lack of long term 
monitoring of these issues for bariatric surgery patients. Many studies have shown that the 
population undergoing bariatric surgery are often in very poor micronutrient status even 
before the surgery is performed, so impaired absorption of nutrients after surgery is even 
more serious. 
 

High triglycerides are known to be a risk factor for stroke in people with diabetes 
especially. Three of the nutrition factors described above are associated with correcting high 
triglycerides: inadequate chromium intake, a high ratio of omega-6 to omega-3 fatty acids, and a 
relative carnitine inadequacy are all potential contributors. 

 
Inadequate vitamin B6 and magnesium appear to be involved in diabetic neuropathy, and 

also in heart disease and leg cramps.  Vitamins B1,B6, B12 and folic acid are critical for 
preventing elevated homocysteine, a major contributor to stroke (or at least a marker for 
increased risk of stroke,) and possibly to alzheimers.  Folic acid inadequacy is associated with 
cancer of the breast, prostate and colon.  It is also a contributor to depression and inadequacy 
also makes therapeutic interventions for depression (such as SSRIs) work much less well. 
Chronic antibiotic use and alcohol abuse both impair folic acid absorption.   

 
Certain groups of people have a genetic problem that requires special attention to folic 

acid.  For example, among some people of Irish heritage, the MTHFR gene has been discovered 
that contributes to higher rates of certain birth defects, depression and alcoholism related to 
problems associated with folic acid metabolism.  (Please see “Aunt Cathy’s Guide to Nutrition: 
Folic Acid” and “Aunt Cathy’s Guide to Nutrition: Vitamin B12” for details, references and 
recommendations.)  

 
Some studies with vitamin B6 have used levels of 50 to 100 mg to achieve a desired 

effect in people with diabetic neuropathy.  This is much higher than the RDA-type level of about 
2 mg, but not anywhere near a level that might be a problem. This is especially true if one is 
hypothesizing that their vitamin B6 requirements are in fact higher than the requirements of other 
people.  

 
Niacin (vitamin B3), riboflavin (vitamin B2) and thiamine (vitamin B1) and biotin are all 

being studied.  B vitamins are generally among the least toxic vitamins – B6 is the only one 
documented to cause problems with high amounts, and that was only in the most sensitive 
people, and never at levels below 200 mg/day.  Most people who experienced any tingling in the 
forearms (the symptom in question) were taking over 500 mg chronically.  Some people find it 
safe, cheaper and convenient to take a “B-100 Complex” tablet along with their general 
multivitamin with minerals, instead of trying to tinker with a lot of individual B vitamins.  
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As always, check with your physician about applying any of these ideas to your own 
health circumstances. But it may be helpful to share this handout with him/her with the section 
marked that you are asking about.  Providing it before your visit to discuss it will give your 
physician a chance to review the research studies I have listed.  Much of this is quite new, and 
there is a lot of research out there to try to keep up with.  Additionally, there is a lot of wacky 
stuff out there that health professionals are aware of.  It can be overwhelming, so there can be a 
tendency to “Throw the Baby out with the Bathwater.”  The purpose of this review is to help sort 
out the real “babies” in that bathwater that can be very helpful for improving the health of 
patients. 

 
It has recently been found that serious chronic conditions like celiac disease, 

hemochromatosis and certain thyroid problems are much more prevalent in the general 
population than has been previously thought. Health professionals would do well to keep these 
conditions in mind especially among their patients with diabetes. There are some links between 
hemochromatosis and diabetes, between hemochromatosis and celiac disease, and between 
diabetes and celiac disease.  For example, according to a recent report, “higher iron stores 
(reflected by a significantly elevated ferritin concentration and a lower ratio of transferrin 
receptors to ferritin) are associated with an increased risk of type 2 diabetes in healthy women 
independent of known diabetes risk factors.”   

 
Thyroid health problems may be related to diabetes, but there is also a newly 

recognized recurrence of iodine deficiency in the US resulting in goiter (enlarged thyroid), 
weight gain and loss of energy.  Additionally, the American Medical Association recommends 
that all women over 40 have their thyroid function checked annually.  There are age-related 
changes that can make women’s (especially) thyroid hormone gradually become inadequate. 
 

Celiac disease, an autoimmune disease that is triggered by exposure to gluten in 
wheat, rye and barley is genetically more common among people with Type I diabetes.  At 
our clinic, we screen children with Type I diabetes for hidden celiac disease with a blood test.  
(We also check children with Down syndrome, as they have an increased risk of both celiac 
disease and Type I diabetes. They have also been found to produce more free radicals than other 
people, and to sometimes benefit from carnitine supplementation.)  

 
In addition to the gastrointestinal problems that are the most commonly recognized 

symptoms of celiac disease (which can certainly affect absorption of many nutrients,) it is now 
recognized that there are other less well recognized neurologic and dermatologic manifestations 
of celiac disease, and they could be complicating the recognition and treatment of neurologic and 
skin disorders thought to be primarily related to diabetes. Celiac is also by nature inflammatory 
and it also contributes to increased production of free radicals.  

 
The increased risk of developing “pernicious anemia” ( an auto-immune type of very 

injurious kind of anemia) is also a threat in people with Type I diabetes. It may fail to be 
recognized because the neurologic symptoms of B-12 deficiency are often mistakenly attributed 
to diabetes-related neurologic complications. As noted earlier, other factors can interfere with 
vitamin B12 deficiency as well. 
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As noted above, both hemochromatosis and celiac disease are decidedly not rare as had 
been thought and both are very detrimental, so health professionals caring for people with 
diabetes should be alert for these problems. Hemochromatosis causes an increased risk of 
damage to organs like the liver, pancreas and heart, and it also is known to contribute 
significantly to inflammation and production of free radicals. A dietary protocol in support of 
the primary treatment of hemochromatosis regular phlebotomy (giving blood) can be very 
helpful, but I have found that many health professionals are not familiar with the many nutrition 
adjustments that can be of great benefit.  The diet does not control hemochromatosis, but it 
allows the therapeutic phlebotomy to be done as often as needed by providing the other (non-
iron) requirements for making red blood cells. 

   
If interested in this, please see “Aunt Cathy’s Guide to Nutrition: Hemochromatosis.” 
 

7.  Discovering the emerging miscellaneous effects of a variety of 
phytochemicals on the diabetic state. 
 

Around the world and in the US quite a number of plants and their various “phyto-
chemicals” (“plant chemicals”) are being investigated for their ability to influence health in 
diabetes and in general.  This is outside of the scope of this paper, as in general the properties 
being looked at are more of a pharmaceutical nature than a nutrition nature.  But if you would 
like to get a taste of the kinds of studies being undertaken, simply log on to Public Medline 
(www.pubmed.gov) and pick the box at the right that says “for health professionals.” Then 
check the “Medline” box.  

 
You will see a box at the top of the screen in which you should enter search terms 

such as:  diabetes plant   or   diabetes herb or   diabetes phytochemical.  You will find reports 
like this: “Coffee consumption and risk of type 2 diabetes mellitus: an 11-year prospective 
study of 28,812 postmenopausal women” in the journal Arch Intern Med. 2006 Jun 
26;166(12): 1311-6. The conclusion of this study was that “Coffee intake, especially 
decaffeinated coffee, was inversely associated with risk of type 2 diabetes mellitus in this 
cohort of postmenopausal women.”  That is, the coffee-drinkers had LOWER risk. More 
recent studies have supported this finding. 
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Epidermolysis bullosa is a family of genetic diseases that primarily affect the health of 
body surfaces including the skin, the mouth and the digestive system. Skin is extremely 
fragile and easily blistered from even minor trauma or friction.  The degree of severity is 
quite variable and nutrition concerns will vary with the degree and type of injury.  This 
paper is a summary of my presentation at the 2006 National DEBra Patient Care 
Conference in Nashville. (DEBra is the Dystrophic Epidermolysis Bullosa Research 
Association of America.) I have arranged the issues with a problem-solving focus, with 
the needs of the most seriously affected people in mind. Many issues overlap, so various 
aspects of important issues may be discussed in several places within the paper.  

 
The general suggestions made here are intended to be of use to patients  
and their families with the approval and assistance of their health care 
professional and not in isolation.  They are based on my very best guess  
about what aspects of normal and therapeutic nutrition might be especially  
helpful or important for people with EB. My best guesses are based on the  
most resent scientific literature and by what I would do to optimize the health  
of a family member fighting these battles.  Please note that I do not sell anything  
and I never will. There is very little EB-specific nutrition information available  
in the scientific literature, so the recommendations are primarily based on the  
role of nutrition in managing wound healing, inflammation, constipation, dental 
problems, anemia, osteoporosis, and other conditions associated with EB.  
 
Some parts of this paper may focus on issues for infants and children, but in almost 

all cases the information or concepts will apply to adults as well (so don’t skip over the 
“kids” parts. ☺ ) Although this paper was written primarily for people who have EB and 
their families, you will find that some parts will be primarily of use to the health care 
professionals.  I included this information not to “blind you with science,” but because I 
want to be sure that the underlying scientific principles are clear enough to let people use the 
information creatively to solve new problems that may arise. 

 
You may share this paper with anyone, but please do not alter it in any way.  Copies 

can be downloaded for free along with other articles cited here from MeritCare’s website.  
Go to www.meritcare.com and type my name in the search box. You can then click a button 
that says “Cathy Breedon’s Handouts.”  My sincere hope is that you will find some useful 
information here and that you will share it with others who may benefit.  And now . . .  
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1. Getting enough calories 
 
People with severe EB often have higher than usual needs for energy 
(calories.) In part this is because of the need to continually heal wounds. At the same time, 
they may have decreased ability to take in food because of difficulty with eating due to oral 
problems. These may include decreased ability to open the mouth wide, blisters in the mouth, 
esophageal strictures, or significant dental problems. Many people with EB struggle with 
constipation, which can greatly decrease appetite. As a result, as children they often fail to 
grow optimally and at any age the ability to heal wounds and to be active can be impaired.  
Their intake of vitamins, minerals and protein can also be compromised by poor total food 
intake. This leads to poor immune function, inadequate energy to participate in activities, 
additional compromise of skin integrity, impaired wound healing, anemia and other problems.  

 
Increasing the calories of formulas for infants usually involves concentrating the 
product to make a higher caloric density. For example, using only 9 oz of water instead of the 
usual 13 oz when preparing a 13 oz can of infant formula concentrate will make the formula 
have 24 calories per ounce instead of the usual 20. The nice thing about this approach is that it 
provides ALL nutrients in higher amounts (not just calories,) it does not distort the ratios of 
nutrients per calorie, it contributes no additional cost, and it is safe to use. Sometimes fat or 
carbohydrate calories will still need to be added, but these should generally be used only to 
add calories beyond the 24 calories per ounce concentration. Infants would rarely if ever be 
fed a product with more than 30 calories per ounce. How to increase calories beyond the 24 
calories per ounce mixture described above should be determined with the help of a person 
familiar with these issues, as there are sometimes important reasons to use one additive over 
another in a particular child’s case.  

 
 

Boring Science Alert: 
This next section will likely be of interest only to health care professionals, and probably not 

even to them.  But if I don’t include the explanation they might not trust trying it.  ☺ 
 

Everyone else gets to skip to page 5. 
 

 
Issues and suggestions for increasing an infant’s formula to 25 - 30 calories 
per oz when necessary.  

Sometimes some oil or carbohydrate is used to add additional calories above the 24 
calories per oz level. This is because if lots more protein is taken in than is needed, the 
nitrogen waste from the excess protein may be more than the kidneys can easily handle. 
Unlike extra protein, neither oil nor carbohydrate contribute to this “(potential) Renal Solute 
Load” (RSL) – the work the kidney has to do if all the nitrogen in that protein had to be 
excreted. As a rule of thumb, this number should (ideally) be around 300 mOsm (particles) 
per kg of water available to excrete the waste through the kidney, especially in the first three 
months of life. Maturity of kidneys reduces the risk of this problem. Note, however, that the 
Potential Renal Solute Load of a product becomes much less important for an infant 
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who is growing or who is continually trying to heal wounds. This is because the protein 
nitrogen consumed (the biggest contributor to RSL) will be most likely be used to make tissue 
rather than needing to be excreted as a waste product. 

 
Carbohydrate can contribute quite a lot to the “osmolality” of a feeding (the 

number of tiny particles floating in the amount of water available in the intestine (not in 
the kidney.) The same <300 mOsm per kg water (or expressed as “osmolarity” – 300 
mOsm per liter of formula) is the rule of thumb.  However, people concerned about an 
osmolality of a feeding being over 300 will be comforted to know that the reason it is set 
there is because sometimes higher osmolalities may contribute to looser stools and even 
result in an “osmotic diarrhea” in some infants.   
 

However, for infants troubled by constipation, this effect can actually be helpful! 
The higher number of particles per volume (the osmolality) of a formula tends to attract 
water which helps keep water in the intestines to keeps stools softer. Many constipation 
treatments work the same way, like milk of magnesia, lactulose, Miralax® (Braintree Labs) and 
prune juice.  For example, the osmolarity of regular prune juice is reported in some 
references as being 800-1265 mOsm/liter! 

 
For all of these reasons, it can be reasonable to consider a different approach to 

increasing the caloric density of an older infant’s formula (or some of a younger infant’s 
formula) in a somewhat nonstandard – but maybe a better – way, especially for an infant with 
constipation and wounds to heal.  Instead of adding all those empty calories from fat and 
carbohydrate to a 24 calories/oz infant formula to make it have 30 calories per oz., 
consider using a mix of infant formula with some of a “complete nutrition” type of liquid 
formula designed for children.  

 
Most “complete nutrition” formula products for people ages one through adulthood 

provide 30 calories per ounce.  With appropriate professional supervision these products can 
also be useful for helping children younger than one year, although they are not marketed for 
this use. For example, nutrition professionals will be interested to know that the Renal Solute 
Load and the Osmolality of the products designed for children are quite comparable to the 
levels found in infant formulas, especially when the infant formulas have needed to be 
concentrated to a higher calorie level per oz.  The reason that they are not marketed for use 
with older infants is related primarily to the considerable cost of submitting and getting the 
products “approved” to be called infant formulas, and the fact that the companies would then 
be competing with their own infant-focused products in that age-group. 

 
Table 1. on the next page will be especially likely to be of interest only to health care 

professionals.  It shows a sample of the osmolality and potential renal solute load of some of 
the products made by major manufacturers compared with one of their own standard infant 
formulas at different caloric densities.    The osmolality and renal solute load of infant 
formulas concentrated to 24 kcal/oz plus additional carbohydrate or fat calories to make a 30 
kcal/oz feeding is not much different from the better-tasting children’s products, and the 
children’s products provide considerably more protein.  They also contribute important 
vitamins and minerals not provided by carbohydrate and oil additives.  
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Of course, it is always important to review the entire feeding regimen for 
appropriateness of all nutrients. For infants and children length and weight growth progress 
can serve somewhat as markers that intake of calories and protein is likely too low, adequate, 
or excessive.  Growth alone, however will not necessarily detect inadequacies of many other 
nutrients that have less of a direct effect on calorie and protein utilization.  Also, the use of 
standard growth charts can be helpful in charting a child’s growth against his earlier measures, 
but the grids themselves may not reflect what is typical or ideal or even possible growth for a 
child with severe EB. 

 
Table 1:  The protein content, osmolality and potential renal solute load  
of some of the “complete type” children’s liquid formula products made by 
major manufacturers compared with one of their own standard infant 
formulas at different caloric densities.  * 

 
Company  Calories 

per oz 
Protein 
grams per oz

Osmolality 
mOsm/Kg 
(usual goal <300 
ideally) 

Potential Renal 
Solute Load  
mOsm/Liter 
 (usual goal <300 ideally)

Mead  
Johnson 

 
Children’s  
Product 
 Kindercal®

30 0.89 440-520  
vanilla/choc 
345  
tube feeding  

270  

  
Infant  Product 
Enfamil® 

20 
-------- 
24 
------ 
30 
 

0.42 
------ 
0.50 
------ 
0.50 

300 
------ 
360 
------ 
higher with added
carbohydrate 

181 
----- 
217 
 
 
 
 

Nestle 
 

 
Children’s  
Product  
Nutren Jr®
 

30 1.0 350 204 

  
Infant  Product  
Good Start
Supreme® 

20 
-------- 
24 
------ 
30 
 

0.42 
------ 
0.50 
------ 
0.50 

265 
----- 
318 
------ 
higher with added
carbohydrate 
 

135 
----- 
162 

Ross  
Children’s  
Product  

PediaSure®

30 1.0 430 276 

  
Infant  Product  
Similac® 

20 
-------- 
24 
------ 
30 
 

0.47 
------ 
0.56 
------ 
0.56 

300 
----- 
360 
------ 
higher with added
carbohydrate 
 

187 
---- 
224 

 
 

*Values from the Baylor Pediatric Nutrition Handbook for Residents 2003 
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------------------------------------------------------------------------------------------------------------- 
Back to everybody: 

 
Many of the substances added to foods or formulas to add calories can seriously 

distort the nutritional balance unless the protein, vitamins and minerals are 
carefully adjusted. For example, corn syrup, sugar, glucose polymers products like 
Polycose®  (Ross), butter/margarine, cream, regular vegetable oil, MCT oil®  (Mead 

Johnson/Novartis), and emulsified fat products like Microlipid (Mead Johnson/Novartis) and Intralipid® 

(Pharmacia & Upjohn) all have one thing in common.  They all just add empty calories.  In 
small amounts there is no concern, but if a significant percentage of the person’s calories 
is contributed by these products there is potential for distorting the ratio of calories 
relative to the nutrients needed to metabolize them.  

 
People trying to grow or to heal wounds will have higher needs for all nutrients, not 

just generous calories and protein.  In this situation it is important to recognize that just 
adding protein and/or calories will not work well in the absence of the critically important 
vitamins and minerals that the body needs to convert fuel (calories) to make usable energy, 
and/or to construct tissues. This is key in conditions that require extra production of tissue, 
such as wound healing and have an increased need for immune system activity. Interestingly, 
skin, intestinal, and immune system cells are the ones with the greatest need for rapid growth. 
Failure to assure adequacy of micronutrients can make other efforts unsuccessful.  

 
Unfortunately, this issue often does not get the attention it deserves and it is not 

uncommon for people to be given calories-only or protein-only supplements without 
assuring adequacy of the necessary vitamins and minerals to use the protein.  Also, 
giving just protein in the absence of adequate calories will result in the protein being burned 
as an energy source instead of using it for construction.  I think of this as like living in North 
Dakota in the winter: if we run out of fuel we start burning the furniture! Most nutrients have 
many additional important roles, some of which will be described further a bit later.  

 
One should keep in mind that the usual recommended amounts of calories and 

nutrients such as the RDAs or RDIs are based on the needs of “most healthy people.”  
They do not address the needs of people with illness or other health conditions.  The health 
care professionals will need to think through the particular challenges of an individual’s 
situation and make adjustments in goals accordingly. A good example is zinc, a mineral 
needed in over 200 different places in a person’s body.  Every time we try to make a new cell, 
we need zinc to make the DNA in the center of it.  That means that people who need to 
make a lot of new tissue will need a more generous intake of zinc.   

 
Poor zinc status impairs growth in children, and it limits the ability to heal wounds – 

another situation that requires a lot of new tissue formation. Recovery from wounds and 
staying healthy in general also depend on adequacy of zinc because the production of T-cells 
of the immune system is very dependent on adequate zinc.  At the same time, excessive 
amounts of zinc can cause problems. Determining the right amount requires a close look at 
the individual’s situation.   
 

 5



2. How much zinc?   
 

Some recommendations for zinc intakes needed for healing serious burns in hospitals have 
been about the same on a “per body weight” basis as the levels recommended for healthy 
infants.  [For example, the RDA tables show 5 mg zinc for a baby with an average weight of 9 
kg (about 20 lbs.)  Using that ratio of 5-to-9, the zinc for a 90 kg (198 lbs) man would be 50 
mg, which happens to be a very typical supplemental dosage for healing serious wounds.] 

 
This is not surprising since both the injured person and the infant are trying to 

produce a lot of cells in a hurry.  It led me to think the best nutritional model for optimal 
wound care would be to “baby the wound.” In other words, think of providing the amount of 
a nutrient per body weight needed in infancy as being a reasonable guide for the amount per 
weight in a child or adult with serious burns or wounds. The 5-to-9 ratio can be rounded to an 
easier 0.5 mg per kg (or 0.25 mg zinc per lb) for wound healing. Many standard 
multivitamins provide 12-15 mg zinc and additional zinc can be supplemented alone.  
However, the very best absorbed form in the greatest amount is found in meat, and 
especially red meat. [Meat is actually color coded . . . red meat has more than white meat!] 
Other foods (except for oysters) never even come close. My “Iron and Zinc” handout has 
more details, but here’s a tiny peek: 

 
Table 2:  

    The very best sources of well-absorbed and utilizable zinc and iron are the same foods. 
      1 oz  Zinc mg    Iron mg 
beef liver     1.5       2.2 
beef     1.3       1.0 
pork     0.8       0.9 
chicken      0.7       0.3 
fish     0.5       0.3 

 
  (Data Source: Agriculture Handbook No. 8-4  US Dept. of Agriculture Science & Education Admin.) 

 
Other factors that may affect the amount of supplemental zinc that may be 
recommended for an individual include:  

1. Whether he/she is presumed to have adequate or poor zinc stores to start with;  
2. The amount of construction work needing to be accomplished; and  
3. Dietary factors such as meat consumption. 
 
For people with poor stores or increased needs, it is not uncommon for them to be 

prescribed 50 mg zinc/day or more for fairly short periods. As a general rule, avoid long-term 
supplementing over that amount without the physician’s knowledge and approval.  Problems 
have been noted in some folks with long-term supplementation at that level, sometimes 
because of impaired absorption of copper – the two minerals compete for absorption in the 
intestine.  People taking higher than usual zinc as supplements should be sure that their 
multivitamin with minerals also contains copper. Interestingly, the competition effect is much 
less when the zinc source is meat instead of supplements.  Some disturbance in cholesterol 
levels has also been reported occasionally in people in the general public taking high dose 
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zinc supplements for a long time.  However that effect is unlikely to be a concern in EB 
because the actual zinc requirements are higher than average, and zinc losses can also be 
much higher from the “weeping” of wounds. 
 
3. How Much Protein for Wound Healing? 
 

A very similar situation turned out to be the case in determining a good amount of 
protein for individuals with wounds.  The World Health Organization suggests that healthy 
adults should get at least 0.8 g protein per kg body weight (about 3.6 g protein per pound.). 
Americans typically eat considerably more than this minimum guideline, however.   

 
A number of reference books about wound care have suggested that 2.2g protein per 

kg (1.1 g per pound) would be a reasonable amount for optimal healing.  It caught my 
eye because I work primarily in pediatrics so I recognized that 2.2g protein per kg body 
weight is the level often suggested as a reasonable amount for healthy normal infants! 
This turns out to be a suggested increase to about 2.75 times the WHO figure for average 
adults.  This intake amount is clearly safe and not excessive, since many Americans eat 2-3 
times the WHO level normally!  To the best of my knowledge, my “Baby the Wound!” 
system of determining nutrient needs in serious burns or other wounds has not been 
adopted by any big official agency.  Again, it’s just my best guess for a safe but effective 
intake level to start with, and a way to think about the best nutrient to promote healing 
instead of just providing RDA levels. 

 
Aunt Cathy’s “Baby That Wound!” Theory 

(Remember: I made this up – this is not official science!) 
 

 
 

This little baby elephant* is a good model for the “Baby That Wound” concept: 
 A lot of food is needed every day in order to grow as fast has she should! 

 
Some examples are shown on the next page. 

 
*This cute baby elephant is called Tamani (a Swahili word  for “Hope”)   

www.lowryparkzoo.com/ baby_elephant/photos.html  
used by permission of the Lowry Park Zoo in Tampa, Florida,  

with best wishes for children with EB. 
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 Protein grams  
per kg  body wt 

Zinc mg per kg  
body wt 

9 kg Baby         2.2         0.5  
Wound Healing  Man         2.2       0.5 
70 kg Average Man          0.8  

     (W.H.O)
       0.11 
    (new RDA) 

70 kg Average Man        0.9-1.0 
     (new RDA) 

   0.17 – 0.21  
 (former RDAs of 12-15mg) 

 
What about other vitamins and minerals? 

 
A generous intake of vitamin B12 and folic acid (another B vitamin) is also required for 

making DNA (for making all cells) and in particular for making new red blood cells.  
Sometimes “anemia” is not caused by inadequate iron but by a relative inadequacy of 
these nutrients, or others (like vitamin E and other antioxidants) that are needed to keep 
red blood cells from being broken apart too soon. This blood cell breakage can be more 
likely to happen because of the higher production of free radicals related to inflammation. 
Antioxidants and free radicals will be discussed in more detail later, as will anemia issues. 

 
 Vitamin C also helps protect the white blood cells of the immune system to let them live 

longer to keep on killing germs.  Vitamin C and copper are also players on the team that lets 
us build connective tissue for wound healing, and both are also required to use iron in the 
body.  And on and on.  These are just a few of many examples of the critical role played by 
vitamins and minerals in health, and why this aspect of a person’s nutrition cannot be ignored. 
For some specific additional information, please see my handouts on folic acid, vitamin B12, 
magnesium, chromium, vitamin D, copper, zinc and iron. A recent report in the scientific 
literature specifically about vitamins and trace mineral adequacy in EB reached the following 
conclusion:  

 
Vitamin and trace metal levels in recessive dystrophic epidermolysis bullosa. J Eur Acad Dermatol Venereol. 
2004 Nov;18(6):649-53.Conclusion: Vitamin and trace metal deficiencies are frequent in RDEB, even in patients 
receiving gastrostomy feeding, and often go unrecognized. Regular nutritional evaluation is necessary. Dietary 
advice and supplements should be given. Enteral feeding by gastrostomy should be discussed in early childhood. 

 
Another issue in supplementing calories and protein in the diet is cost.   
 

The “regular food” items are many times cheaper than the commercial additives. 
For example, consider fat additives commonly used:  MCT oil (Mead Johnson) is about $1.00 an 
ounce ($65 per quart) and the calories are about 5 calories less per teaspoon than most food 
fats and oils. It is specially designed for use in certain digestion problems that involve 
inadequate bile production or poor ability to “recycle” bile.  Unless an individual is known to 
have a digestive problem involving bile, it is unlikely to provide any special benefit to warrant 
the high cost. Comparing prices, today in Fargo, canola oil (a good choice) costs less than 
$0.06 an ounce ($1.82 per quart.)  
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The advantage of using special “emulsified products” is that they are better at 
staying mixed into formulas. That is what emulsification means . . . keeping the oil and 
water in a food from separating. But unless that is a major problem in an individual’s 
situation, it is useful to know that they are even higher in cost.  This is because they are 
primarily designed to be used for intravenous (i.v.) feedings. “Intralipid” (Pharmacia & Upjohn)  
and Microlipid” (Novartis/Mead Johnson) cost about 88 cents per oz, but they have only half the 
calories of other fats, so you need to use twice as much. Again, compare these with the 
cost of canola oil shown earlier – it is MUCH more expensive. Some other issues about 
the use of particular forms of fat will be discussed later.   
 

Protein additives are also much more expensive than excellent quality protein in foods.  
At about 7 g of protein per egg, egg protein costs about a penny a gram and it contains 
some additional nutritional value.  Milk protein (in milk, yogurt, cheese and cottage cheese) 
and eggs are extremely useful in EB because they are much easier for some people to eat than 
many meats. The whey protein supplements used by body builders provide very nice protein 
and I have found prices of various products on line, some of the lowest between $10-$30 for a 
two pound can. Prices in stores appear to be more. These products provide ONLY protein – 
no other nutrients, but they might have some benefit for people who find the casein in milk 
protein to be constipating, however. Milk protein normally is about 82% casein and 18% 
whey.  (More on this in the discussion of constipation later.) 

 
The liquid pasteurized “no yolk” egg protein products available in grocery stores are 

more expensive than eggs, but cheaper than the special additive products.  For example, 
“EggBeaters” provides 6 g protein per ¼ cup, at about 7 cents a gram at a grocery store 
here in Fargo.  It has the advantage of being pasteurized so it can be added to foods that 
are not intended to be cooked, such as a smoothie or eggnog. An ounce of milk has about 
a gram of protein. Powdered milk is another very inexpensive product that can be added 
to foods or beverages.  It provides 1.5 g protein per tablespoon, and some calcium and 
other nutrients are provided with it. It can be stirred into many different foods, such as 
puddings, soups, and smoothies, etc., but it doesn’t have to be a dairy food that you add it 
to. Try adding it to hot cereal, jello, mashed potatoes and even meatloaf!  (I add 
EVERYTHING to meatloaf . . . you should see it!)  If lactose intolerance is an issue, 
lactase enzyme can be used to minimize this problem. Some brands of lactase enzyme 
are: Dairyease®, Lac-Dos®, Lactaid®, Lactrase®, RiteAid® Dairy Relief™, Surelac®, 
Walgreens® and Dairy Digestive.™ 

 
Adding Carbohydrate Calories: 
 

“Glucose polymers” (such as “Polycose” by Ross) are simply starch in 
solution and they have no advantage over regular food carbohydrates like sugar or 
food starch. They are designed primarily as a carbohydrate that can be added to 
beverages without adding a sweet taste. There is usually no reason to avoid sweetness in 
children’s feedings.  The risk of tooth decay is identical because any carbohydrate fed 
orally is food for bacteria in the mouth. The bacteria then produce acids that attack the 
tooth enamel. The main factors that increase risk of tooth decay are frequency of 
feedings and contact time with the teeth, not whether it was sugar or starch. Because of 
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difficulty of dental care in EB, however, the whole issue of tooth decay is not to be 
taken lightly.  Some dental issues will be discussed later. 
 
Back to the issue of using sugar versus glucose polymer products: There is no danger of 
causing a “sweet tooth” to be developed in a child.  Children just come that way . . . human 
milk is sweet and it is all part of the design to make babies want to nurse. I have found that 
using regular table sugar can often make many foods and formulas more palatable for 
children, and therefore it is more effective because they eat more. And, of course, the dental 
and sweet tooth concerns are even less of a concern when the child is fed through a tube 
instead of orally.  
 
A teaspoon of glucose polymer products               A teaspoon of sugar weighs 4 grams 
weighs 2 grams and provides only    and adds 16 “empty calories”  
8 “empty calories” from carbohydrate.    from carbohydrate; 
Price per 100 calories: $5.00   Price per 100 calories: $0.05  

 
 

That means you need only half as much sugar to get the same calories.  A 12.3 oz 
(350 grams) can of a glucose polymer product costs about $7-$8.30 from the cheapest on-line 
sources. That is equal to about a half cent per calorie provided. Compare that with table 
sugar, which in Fargo today costs $4.29 for a 10lb. bag.  That is only five 100th of a cent per 
calorie. Looked at another way, the Polycose costs 100 times as much for an equal 
amount of calories. 

 
In most circumstances there is no need to use these expensive special products at all.  

“MCT oil,” an example noted earlier, is designed for special needs related to certain liver 
diseases or intestinal malabsorption problems such as Cystic Fibrosis. It is often inappropriate 
for other uses because besides being very costly, it is all saturated fat (from coconut oil) and 
it therefore provides none of the “essential” fats or any omega-3 and omega-6 
polyunsaturated fats at all . . . just calories. I have also found that using regularly available 
food products from the grocery store also has the psychological advantage of   
“de-medicalizing” at least one part of a person’s care. 

 
Sometimes health care professionals are not familiar with these issues, because they 

have to know so much about everything else. It might be beneficial to share this paper with 
them if these very costly products are suggested in order to use them only when regular 
carbohydrates and fats available at the grocery store will not do. In addition, remember that 
just adding fat or carbohydrate calories or “just protein” from any source will contribute no 
other nutrients and so they should be used as only a small part of a higher calorie or “nutrient 
dense” feeding regimen.  

  Energy to grow and to go! 
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A daily “complete” type standard multivitamin with minerals  

 
 

ty of 

ou 
 kitchenware section of all the large 

discount stores – people use them to grind spices. 

 no 

a part of the regimen to improve the health of people with EB or other serious conditions. 

e 

e 

iquids (like milk, cream soups, 
ommercial formulas, juices, etc.) is a much better solution. 

rder to achieve 
ppropriate growth and the best possible health.   

 
e 

e EB is that a person would benefit from aggressive nutrition assistance throughout 
life.

 
It is very reasonable to add a standard multivitamin with minerals to the diet of a person with
EB, and I strongly encourage it for many reasons. [Please note that I do not sell anything – I
just think it is a very good idea, based on what we know about the usual nutrient densi
people’s diets, and the increased requirements for many nutrients because of EB.]  A 
multivitamin/mineral supplement is a good idea even if a “complete nutrition” formula 
product is used.  It is also a good idea for everyone in the family – with EB or not. These 
products can be swallowed, chewed or crushed and added to foods. A mortar and pestle can 
do a fine job of turning pills to powder fine enough to be used with gastrostomy tubes.  Y
can find a mortar and pestle for less than $10 in the

 
None of the multivitamin/mineral products is truly “complete,” however.  Most have

potassium, only about 200 mg of calcium, and just 10-25% of the recommended amount of 
magnesium. They are not intended to take the place of food, but to be used in addition to food. 
Most liquid products are even less complete, often containing much lower amounts of folic acid 
and minerals. They also add no calories, no protein and little if any beneficial “phytochemicals” 
(plant chemicals) available from foods. Supplementation is very wise, but of course it is only 

 
Some people with EB have severe physical eating problems.  
 
This may include pain and blistering in the mouth, a very small mouth opening, esophageal 
strictures, and severe dental problems resulting in problems chewing and swallowing enough 
food or an adequate variety of foods. They often have inadequate intakes because of the tim
and effort required to eat even a small amount of food. Sometimes the entire diet must be 
blenderized to a puree texture because the ability to chew is so impaired. In this situation, th
use of commercial baby foods is fast but certainly not flavorful or enticing, and in general 
these foods have very low caloric and nutrient density.  They are usually pureed with water.  
Pureeing regular foods with taste-appropriate and nutritious l
c
 
It may be necessary to use other feeding routes in o
a

In some (non-EB) situations this may involve feeding through a tube from the nose to th
tummy.  This is an “NG”– a “naso-gastric” tube.  But in EB there is potential injury to the 
face and other tissues with this approach so it is not recommended.  Often this kind of tube 
placement is secured with tape to a person’s cheek, and this is definitely not reasonable to do 
in EB. In addition, NG tube feedings are used in circumstances where the expectation is that 
the tube feeding will be needed only for a fairly short period of time. The expectation with 
sever
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For all of these reasons, the tube is placed directly into the stomach or sometime
into the small intestine. Some tubes are placed through the skin to go directly into the 
tummy.  They may be called a PG tube, a PEG tube, or another variation. PG stands fo
“Percutaneous” (through the skin) “gastrostomy” (through an opening into the stomach.)  
Sometimes it is positioned into the jejunum of the small intestine instead.  There are 
important issues in EB regarding which technique is used to place the tube. The health 
care professionals will know the benefits and problems associated with using one approach
over another for a particular individual. Whether such a placement can be accomplis
local instead of general anesthesia (as is sometimes the case in people with other medical 
conditions) is a question that needs to b

s 

r 

 
hed with 

e discussed with the individual’s physician. 
Som times it must be done under general anesthesia, but it may be able to be done at the same 
tim

 
nd 

 
t 

d 
health of children with severe EB specifically have shown that it is much better and 
mo

erceive 

fter time I have been told by the family when they finally agreed to having 
the tube placed after months of huge effort and poor success, that “we should have done this 
mo

g 
f 

tion. Parents can “cash in” all that time 
they were spending struggling with very difficult feeding and use it to do something much 
mo

lso lets the person eat just preferred foods and the rest 
of the nutrition can be easily fed passively. I think of this as contributing to another important 
feed

e
e as another necessary procedure.  
 
In my experience with many (non-EB) children who have ultimately required a 

gastrostomy tube to assure adequate nutrition, it has been shown repeatedly that it is far better
to place the tube before the person has become poorly nourished from months of trying a
failing to take in enough orally. Acting before the situation becomes critical and the child 
debilitated and immune-suppressed is very important. Additional factors such as the 
expected brain growth and development during this period make it critical that the child not be
allowed to fail nutritionally.  Many children fail to take in enough nutrition in spite of grea
effort on the part of families to provide appropriate oral feedings. Studies of the growth an

re effective to recognize the need for a tube placement and to place it proactively. 
 
Sometimes parents are hesitant about having a feeding tube placed because they p

that it is somehow “admitting defeat” or that it is an indication that they are not willing to do 
what it takes to get food into the child. Some people just hate the idea of yet another 
procedure or adding yet another way in which the child will be different from other children. 
However, time a

nths ago.” 
 
It is reasonable to assume that an infant or child with severe EB will need a feedin

tube. Delaying placement only increases the period of discomfort, frustration on the part o
both child and caretaker, “feeding wars,” and feelings of failure. Most importantly, it also 
results in an insufficient intake of nutrients for the baby to grow and develop and to be as 
healthy as possible in spite of this devastating condi

re pleasurable … like playing with the baby.  ☺ 
 
If an individual can eat but just cannot eat enough, the tube feeding can be an excellent 

help because it allows the individual to be passively fed as needed, and it can also help 
administer medications. This approach a

ing issue: the “happiness factor.”  
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Certainly the skin care at the site of the tube placement is an important 
consideration and communicating with a health care professional familiar with the very 
special skin issues in EB is very important. DEBra of America, Inc. is the best contact for help 
with this issue.  The website is http://www.debra.org/index.php and the phone and email 
addresses are: (212) 868-1573 or (866) DEBRA76 (866-332-7276) or  staff@debra.org.  

 
As described earlier, many of the commercial tube-feeding products for children 

and adults provide about 30 calories per ounce and about 0.9 g protein per ounce. 
However, there are many products on the market that provide more concentrated calories 
(up to 60 calories per ounce) and higher amounts of protein per ounce. The vitamins 
and minerals will vary as well.  Many provide “RDA” levels of nutrients at abou
a day but they are quite diverse

t a quart 
 so read the label. And since RDA levels in general are not 

fficient to meet the needs of people with severe EB, additional micronutrient 
sup

 

o 

heir 
trition. Most 

f. You can also go to one of these 
websites for help in finding someone with the special skills that you need: 

su
plementation is advisable. 

 
For help with choosing a tube-feeding product or setting up a tube-feeding 

regimen, contact a registered dietitian with expertise in tube feedings.  Many of them 
have the special certification “CNS” after their name and the “RD” in their credentials.  
This stands for “Certified Nutrition Support Dietitian” and it means that the dietitian will
have been certified by the National Board of Nutrition Support Certification, established 
in 1984 by the American Society for Parenteral and Enteral Nutrition (A.S.P.E.N.)    T
find a dietitian with this level of tube-feeding expertise you can call a local hospital (or a 
large teaching hospital) and ask one of the clinical dietitians there for help in locating 
someone. There may even be one on staff locally. If looking for help with tube feedings 
for an infant or child, you can also find help from dietitians who have “CSP” after t
name and the letters “RD.”  CSP means Certified Specialist in Pediatric Nu
children’s hospitals will have at least one on staf

http://www.nutritioncertify.org  or  www.eatright.org. 
 

Ma

s 

t 
 
 

 

erson with EB. Ask your health care 
professional for specific guidance about fiber types.  Some tube feeding products come in 
ver

ny people with EB have major troubles with constipation.  
 
Contrary to popular belief, simply increasing water or other fluids will not resolve 

constipation unless inadequate fluid intake was a contributing problem. Extra fluid i
clearly needed if fiber is being added, but in the absence of added fiber any additional fluid 
is simply absorbed from the intestine and excreted via the kidney. As described in more 
detail later, many liquids like prune juice help with constipation for reasons unrelated to jus
their fluid content.  In addition, adding fiber may not be a helpful approach to constipation
for a person whose ability to push food through the lower intestinal tract may be impaired;
in fact, it may actually contribute to bowel obstruction. Some types of fiber actually slow
transit time through the intestine instead of moving things along, and some forms may be 
too physically rough on the intestinal lining for a p

sions that are fortified with non-abrasive fiber. 
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Limitations on types of foods tolerated can certainly result in a relatively low fiber d
however. In addition, pain with elimination can be very se

iet 
vere and delicate rectal tissues can 

be torn.  Sometimes this can lead to a child intentionally withholding stool to avoid the pain 
of e

 

limination. Serious bowel impactions and colon enlargement can result. A plan for 
keeping stools soft and for minimizing pain is essential.  

 
In many conditions with severe rectal pain keeping a very soft towelette with a specially

formulated (and elegantly named) “butt paste” on it can be helpful.  For example, I am 
personally very aware that many cancer chemotherapy patients suffer from what I call 
“flame-thrower diarrhea.”  In that situation, it was extremely helpful to mix zinc oxide and 
lidocaine (a pain killer) on a soft tissue or paper towel and to keep it in place by the rectal 
opening until it is lost the next time the person went to the bathroom. However, the very 
special skin problems of EB may make some of these common approaches unhelpful or 
inappropriate. I described it here as something that worked well for me for control the pain 
from chemotherapy . . . and I mention it particularly because no one told me what could be 
done to help until weeks of pain had gone by!  I am not a pharmacist, a physician or a
so the best sources o

 nurse, 
f specific help with this kind of pain for people with EB are the folks at 

EBra of America, Inc. My point here is: be sure to ask for their help . . . do not suffer in 
sile

il” 
nd prune juice which have 20 calories per ounce – as high as whole milk. Corn syrup has  

60 k  

 

 a 
d 

 

se our fluid needs above average, 
however, and  usually problems arise from taking in too little total fluid, not from taking in 
too ids that 

n 
that can be quite constipating for some people. Whey protein is not curd-forming, and 

D
nce because of the embarrassment of talking about this “end” of the natural food-

digestion process.  
 

For people with constipation problems for whom a nutrient-dense high-calorie diet is 
needed, it is useful to know that there are pretty generous calories in some of the foods and 
beverages we commonly use for constipation.  Examples include “cranberry juice cockta
a

cal per Tablespoon. They contribute to keeping stools soft by keeping water in the colon. 
This is called an “osmotic effect.” Prune juice has some additional properties that help.  
 

When trying to “increase fluids” for constipation, remember that juices are 99.9% water. 
That means that they contribute essentially the same amount of fluid as plain water would, 
but they have the advantage of adding some calories, some beneficial phytochemicals and
few nutrients.  It makes little sense to concentrate a child’s formula or tube feeding an
then feed plain water . . . it just re-dilutes the feeding.  A common estimate of “normal” 
fluid needs is about 1 ml fluid per calorie you eat, so if you eat 2000 calories a day, then 
2000 ml (2 liters – a bit over 8-1/3 cups) of total fluid would be general goal.  This is not 
just water, though . . . it includes all liquids. Sometimes people erroneously interpret this to
think it means we must drink 8 glasses of water PLUS several more cups of milk, juice, and 
other beverages.  This can be pretty unreasonable . . . and also unnecessary. Other factors 
such as heat and fluid lost from wounds, etc., may increa

 much.  So, it is best to stay on the generous side. And remember to try to pick flu
are a source of calories and nutrients . . . not just water. 

 
Also, consider whether some of the ways we add extra calories are possible 

contributors to the constipation.  For example, “casein” is a curd-forming milk protei
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therefore it is often less constipating.  There are several generally available commercial 
nutritional beverage products used for children, such as Boost or KinderCal (by Mead 

hnson), Carnation Instant Breakfast or Nutren Jr. (by Nestle), or PediaSure (by Ross) and 
man

 

cts such 
as various brands of “instant breakfast” that are added to milk often include powdered milk 
as t

urse (if 
able) or the milk can be expressed and fed via a bottle or a tube.  However, some children’s 
hea

ldren 
e 

 82%-to-18% (regular milk) to an easier to digest 40% to 60% 
ratio in an effort to try to approach the ratios in human milk.  None of these has been studied 
in E

d 
e 

 have hydrolyzed (chopped up) both of these proteins. This may be 
helpful for constipation although it is too new a product (6/06) for users to have had much 
exp

or 
not surprisingly) 

constipating for many children. Using other forms of fat in place of at least some of the 
crea

Jo
y “adult” products.  

 
If using these products, check the label to see if the protein is primarily in the form of

casein.  You may see the word “caseinate” on the label.  This is a perfectly fine protein 
source for growth and healing, but for the chronically constipated individual it would be 
worth trying one that had less of the protein in the form of casein.  Powdered produ

he protein source of the powder, too, so the protein would still be 82% casein. 
 
This is also an issue in infant feeding. Mother’s milk is very useful for MANY 

reasons, including fat blend, immune-boosting factors and better absorbability of many 
nutrients.  In addition to these great benefits, it is unusual for babies to be constipated 
when exclusively fed mother’s milk. It can be fed directly by having the baby n

lth situations can result in a degree of constipation even with mother’s milk. 
 
Soy formulas are milk-free and so they have no casein, although for some chi

soy is constipating, too.  Of the milk-based products, a variety of protein sources ar
available: Nestle Good Start Supreme is all whey (no casein) and the whey is partly 
chopped up. This product has been helpful for use with chronically constipated babies.  
Standard Enfamil Lipil (Mead Johnson) and Similac Advance (Ross) products have adjusted 
the casein-to whey ratio from

B specifically, however. 
 
The protein in all the “lactose free” milk-based infant formulas is 100% casein. 

Enfamil’s new “GentleEase” infant formula product has less lactose than their Enfamil an
it has both casein and whey in the same ratio as cow’s milk (82% casein to 18% whey.)  Th
difference is that they

erience with it.   
 
Dairy fat (butterfat) can also be quite constipating.  Butterfat is the fat in cream, 

whole and 2% milk, butter and cheese. Besides the constipation issue, it is a saturated fat 
and (like MCT oil) always a very poor source of the essential fatty acids or other omega-3 
or omega-6 polyunsaturated fats. In spite of this, some diets, such as the ketogenic diet f
seizure control, may contain a very high amount of cream.  That diet is (

m can help a lot, both for constipation relief and for good nutrition.  
 
Some iron sources can contribute to constipation, and it is not uncommon to find that

the heavily iron-fortified infant cereal can contribute to the problem.  
 

High doses of  
“inorganic” iron (that is, the “ferrous” or “ferric” forms found in plants or in pills) can be 
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constipating and since it is also far less well absorbed, it is actually not the best route 
improving iron deficiency in an individual.

to 
  Iron in breastmilk is “organic.”  It is not 

onstipating and it is very well absorbed.  
 
c

The standard amount of inorganic iron in infant formulas is not constipating.  For 
example, “Nestle Good Start Supreme” formula (a “chopped up” whey-based product) is 
often very useful for helping constipated babies and it only comes with iron.  Using “low 
iron” infant formula to assist with constipation is not recommended because it is not the ir
that is causing the problem.  However 

on 
inadequate iron can cause lots of problems, so the 

American Academy of Pediatrics recommends iron fortified formulas when formulas  
are used in infant feeding.  In addition, philosophically, even if removing the iron did help 
with constipation (which it doesn’t,) I find it puzzling that some parents or physicians would
be willing to remove a high

 
 priority critical nutrient like iron from a child’s diet in order to 

form the “perfect stool.”   
 
Highly absorbable and non-constipating “organic” iron is the kind found in meat.  

It is called “heme” iron (like in the word hemoglobin in red blood cells,) and there is also a
substance in meat called “Meat Protein Factor” that improves absorption of the inorganic 
iron in the meal as well. Both iron and zinc are most generous and best absorbed from meat, 
and as noted, the foods are actually “color coded.”  Red meats have more of both than wh
meats like chicken. But all meats have better amounts of available non-constipating iron 
than the inorganic iron in supplements, formulas and plants. See my iron and zinc handout

 

ite 

 
for more information on this. A discussion of the problem of anemia will follow, as well. 

nces 

 

the usefulness or safety of the many constipation treatment or prevention products available.  

Some nutrients of special interest in EB: 

th rates 

ny guidelines only address intake goals and 
growth expectations for "healthy" people. 

 

 
Products to relieve constipation:  Milk of Magnesia (magnesium hydroxide,) 

Lactulose and MiraLax (polyethylene glycol) all work by attracting water to the bowel by 
osmosis and so they can be useful for keeping stools from hardening.  Both contribute no 
calories.  Prune juice and corn syrup add considerable calories, but they act the same way 
(an osmotic effect), and the prune juice naturally has additional phytochemical substa
that encourage defecation.  The prunes themselves are helpful . . . not just the juice.  
Glycerol suppositories act locally at the rectum, but whether these should be used by a 
person with EB should be decided with your health care provider.  Other products such as 
those containing senna can work by means of irritating the bowel to stimulate activity. For
this reason it is important to talk with your pharmacist or other health care provider about 

 

 
As mentioned earlier, increased nutrient excretion or turnover, or decreased 

absorption will alter nutrient requirements so that the "normal" guidelines of adequacy 
or safety (such as the "RDA" or “RDI” level) or expected patterns of “normal” grow
may not apply.  They may not apply for other reasons as well, such as altered body 
composition or the effects of medications. Ma
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In many cases, special levels of certain nutrients can greatly affect the risk of 
complications and worsening of chronic conditions. One area of encouraging nutrition 
research is in the area of helping to control inflammation in inflammatory diseases.  Also,
looking promising is the use of antioxidants to help reduce the injury to tissues resulting 
from the excessive inflammation and higher metabolic rates due to wound healing. The ter
“antioxidant” includes vitamins E and C, and important substances made in the body that 
use minerals like selenium (“glutathione peroxidase”) and zinc (“zinc-copper superoxide 
dismutase.”)  It also includes some “phytochemicals” and some “conditionally essential” 
nutrients like alpha lipoic acid and CoQ10. The same patterns are emerging for many 
conditions that feature altered meta

 

m 

bolism and/or inflammation, so it is reasonable to 
look closely at them in EB as well. 

ntioxidants       
 

 
itions 

f 
 reason, 

 

in 
 about all these colorful vegetables and 

uits is “Eat as much of ’em as you can!” 
 

ve a 

s a 

one in the family. (More information on this 
topic is available in my “Eye Health” handout.) 

nd 

hey 

 thin it down 
nough, but it can also be strained if there is a concern about clogging the tube.   

 
A

For many autoimmune diseases like diabetes, lupus, juvenile rheumatoid arthritis,
inflammatory bowel disease, down syndrome, and apparently many other cond
including EB, the medical condition itself (or the therapy) results in increased 
production of damaging “free radicals.” This leads to increased frequency and severity o
complications beyond those due to the condition or medication use alone.  For this
appropriate generous antioxidant supplementation is advisable. In addition to 
vitamin/mineral antioxidants, there are many potent antioxidants available in brightly
colored fruits and vegetables.  The food pigments themselves are often antioxidants. 
Examples include orange colored “beta-carotene” in carrots and squash, red “lycopene” in 
tomatoes and watermelon, green “lutein” in dark leafy greens, red/blue “anthocyanins” in 
blueberries and beets, yellow xeazanthin in corn and kale, and white/yellow “flavones” 
onions and garlic. The simple rule of thumb
fr

This class of color-pigment substances is usually called “phytochemicals,” which simply 
means “plant chemicals.” (But it sounds so very scientific!) Many vegetables and fruits ha
wide variety of phytochemicals that have benefits in addition to the generous antioxidant 
content, so children’s diets (and the diets of adults) should be as generous in these foods as 
possible.  A great example: Lycopene, the red pigment in tomatoes, is 200 times as potent a
protective antioxidant than vitamin E. There is much to be gained from including brightly 
colored fruits and vegetables in the diets of every

 
Adding these foods can sometimes be a problem for anyone. I have had some success 

using pureed fruits and vegetables that are frozen in an ice-cube tray and then popped out a
stored as cubes in a freezer bag. These are then quick and easy to add to foods like soups, 
spaghetti sauce, chili, meatloaf, etc.  I have found that if the fruits and vegetables are pureed to 
the point where no identifiable “vegetable carcass” is discernible, people are unaware that t
have been added. ☺  For a tube-fed child, any combination of fruits and vegetables can be 
pureed all together with formula or other nutritious liquids (e.g. prune juice) and frozen as 
described. Blenderizing the “veggie cubes” with the formula to be fed will usually
e
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h’s 

ter 

, 
ues are very important.  (Please see my Food-

Borne Illness handout for more on this topic.) 

This sounds time-consuming, but some families find it can be done all at once for a mont
supply. One can use canned, frozen or fresh (use low sodium vegetables if using the canned 
type.) Some folks have a routine of freezing any leftover fruits and vegetables immediately af
a meal in a freezer bag and then blenderizing them all at once when a good amount has been 
stored up. Also, many Grandmas or friends who keep asking how they can help are very happy 
to take on this kind of project.  It is something very concrete to do to really help. For everyone
of course, clean and safe food-handling techniq

 
Another option is to add readily available fruit and/or vegetable juices (e.g. cranberry juice, 

Carrot juice, prune juice, low sodium “V-8” type) as part of the liquid used to reconstitute infant 
or other concentrated formula. Variety is very beneficial because the various phytochemicals are 
not all in the same foods.  There are also many new products to investigate now that the publi
becoming aware of the importance of these phytochemicals for health. Some are powders or 
juice concentrates . . . but some are really pricey.  The products themselves are usually just fin
to use, but some clearly give the buyer the impression in their advertising that they are much 
more potent and all-encompassing than they really are.

c is 

e 

  They do this by comparing their product 
ith foods that are poor sources of various nutrients.   

 
w

Example: One product advertises itself as having “The vitamin C of 20 peaches!” It 
sounds impressive, but they are counting on people not knowing that peaches are rich in vitamin 
A, but they are not among the best sources of vitamin C.  An orange has about 80 mg of vitam
C, but a typical peach has only 6 mg.*  Twenty peaches provides the vitamin C of just 1-1/2 
oranges.  Using this kind of logic, I could claim to be amazingly tall because I tower over ne
all of my patients!  Sounds impressive, too, until you note that I work in pediatrics and my 
patients are babies and child en. I am still only 5’4” no matter whom I compare myself to.  

in 

arly 

r
from Pennington & Church: “Food Values of Portions Commonly Used.” 

 
 

e 

 

Anyway, you get the idea.   * Data 
 

Omega-3 / Omega-6 Oils       

Along with antioxidant supplementation, manipulation of the inflammatory response by
altering the ratio of omega-3 to omega-6 fatty acids is also looking very promising in th
autoimmune and inflammatory diseases in particular.  This ratio also appears to be very 
important in other areas of health research as well, such as risk of heart disease, cancer, 
HIV, depression, epilepsy, and degenerative eye diseases. In each case, the direction of 
change that shows benefit is increasing the proportion of dietary fats that are rich in
oils of the omega-3 family in relation to the intake of fats from the omega-6 family.
Vegetable oils that are high in “omega-6” (such as corn oil) contribute to a strong 
inflammatory response. Adjusting the intake of dietary fat to have a better proportion
from the “omega-3” family can significantly reduce the strength of an inflammatory 
response. In addition to the ratio, there is a minimum amount of omega-3 oil intake 

 

 of oils 

suggested, and as discussed below, some suggestions for the forms of omega-3 oils to use. 

 

 
This can be particularly important in conditions characterized by excessive 

inflammation, like EB.  Compared with corn oil, other vegetable oils like canola oil, 
flaxseed oil, walnut oil and soy oil (only if non-hydrogenated) contribute to a much better
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 intact forms of these foods unless they are processed 

enough to eliminate rough edges.  

h 

balance of omega-3 to omega-6 oils. Ground flax seeds, soybeans, walnuts and other nuts 
and seeds have other nutritional befits that the oil alone will not have, but your health care
provider may want you to avoid the

 
Olive oil and peanut oil are mostly “friendly” monounsaturated oils. They are not ric

in either omega-3 or omega-6 polyunsaturated oils, but if they replace the high omega-6 
corn oil in the typical US diet, they can have a big beneficial effect on the ratio of t
remaining omega-6 to omega-3 oils. This contributes to decreasing the strength of 
inflammatory substances that the body makes out of these two families of oil. It has the 
added advantage of displacing some of the

he 

 less beneficial fats in the diet, like the saturated 
fats in coconut oil, palm oil and butterfat. 

 
Fish oils contain a generous amount of the omega-3 oils, and they are in a form that 

is especially easily utilized in the effort to control inflammation. It is becoming very clear 
that many individuals benefit greatly from having the fish oil form in particular provided 
because it contains “ready-to-use” EPA and DHA.   This is a really big deal because these 
two fats both have direct anti-inflammatory effects. DHA is also a critical fat of brain tissue 
(yes, we are all truly “fat-heads,”) and shown to have benefits in infant development, and in 
solving problems such as depression and alzheimers disease. More information is available
in my handout on lipids and oils. EPA is key to decreasing inflammation.  EPA stand
“Eicosa Pentaenoic Acid”  -- but I like to think of it as standing for “Environmental 
Protection Agency,” because it really helps to protect our i

 
s for 

nternal environments!  More 
formation is available in my handout on lipids and oils. 
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PA+DHA of  2  gram daily. 
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How Much EPA and DHA Omega 3 Oi
 
There are no official guidelines for EB, but 
the American Heart Association does have
recommendations fof levels of intake by  
level of heart disease (CHD) risk, and it  
might be a good guide for our use as well .                                   Going FISHing . . .  
My best guess is that people with very severe EB would likely benefit from an intake o
E -4 grams daily, and for those with milder forms at least a

mendations for Omega-3 Fat Intake (2002) 
 

Eat a variety of (preferable oily) fish at least twice a week.  People without  
documented heart disease Include oils and foods rich in alpha-linolenic acid (flaxseed,  

canola and soybean oils; flaxseeds; and walnuts. 
People with  
documented heart disease 

Eat about a gram of EPA+DHA daily. This can come from oily fish or 
from fish-oil supplements.* 

People with high triglycerides  ake 2-4 grams of EPA+DHA provided as fish oil supplements.* T
 

 
* As always, you should discuss this with your physician, since in certain situations 
(like people on certain medications) there may be reasons to do things differently. 
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 those whose skin is often covered up or injured, and those who 

Vitamin D is a very special problem in EB.  It is a special concern for everyone in
northern latitudes where making vitamin D in the skin can be poor many months out of th
year. It is also a concern among those who drink little milk (or who use unfortified milk) 
and those who do not take vitamin supplements. Vitamin D inadequacy has recently been
discovered to be very common in the northern part of the country and among people with
dark skin, and among
are usually indoors. 
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Vitamin D deficiency increases risk
developing arthritis, MS, diabetes, 
muscle weakness, muscle pain, lung 
problems, osteoporosis and several types 
of cancer.   It is now known that vitam
has functions as an important steroid 
hormone in over 30 different tissues and 
according to a report in the Journal of the
American Medical Association, there 
now “an unrecognized epidemic of 
unrecognized vitamin D d

 

In view of the importance of this issue, the likelihood of special risk to people with 
EB, and the newest recommendations from expert groups, it is reasonable to assure an 
intake of 2000 iu daily in adults and older children with any risk factors for deficiency
People with EB have several risk factors.   This is not at all close to a toxic intake level, 
but it appears to be the amount needed to assure adequacy of blood levels in the conditions 
described. This is the amount, for example, that has been found to be needed by people wh
are never exposed to the sun in order to assure an adequate blood level of vitamin D. My 
best guess is that people with severe EB will be in the same range. Of particular inte
is the emerging wide role of vitamin D in supporting the

pr
 
There is considerable movement in the health professional community toward 

increasing the currently recommended “RDA” level for vitamin D to this 1000-2000 iu for 
nearly everyone. For infants the usual amount recommended by the American Academy of 
Pediatrics for healthy children was recently increased to 400 iu, but because inadequacy is 
so detrimental it is very reasonable (and likely necessary) to provide more than 400 iu to t
child with severe EB. Since it has not been studied specifically in this group, a physician
should monitor a vitamin D level about once or twice a year to be sure that an adeq
intake is being provided. A person with vitamin D deficiency will actually need a 
therapeutic dose (e.g. 50,000 iu every week for 8 weeks and then have the level re-checked
Standard intake levels will not fill up the empty tank.   Very few foods are naturally goo
sources of vitamin D.  At present, it is added to milk, but rarely to yogurt, cheese or ice 
cream. All of this requires the use of supplemental vitamin D.  
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It appears that assuring adequacy of vitamin D can allow a much lower intake of calcium to 
be sufficient. [JAMA. 2005 Nov 9;294(18):2336-41]   This is important in EB in part because some of the 
calcium supplements and certain dairy foods can contribute to constipation. Being able to 
take in less calcium but still meet one’s nutrient needs may be very helpful. And, of course, 
adequacy of BOTH calcium and vitamin D are critical for dental and bone health. A recent 
report again pointed out that bone problems are common in the EB population, so we need 
to direct additional attention in that direction. 

 
Bone mineralization in children with epidermolysis bullosa. Br J Dermatol. 2006 May;154(5):959-62. 
Conclusions: Children with RDEB and JEB have low bone mass after adjusting for their smaller size, which may 
put them at risk for fragility fractures. Low bone mass was best predicted by the level of mobility, raising the 
hypothesis that improving activity or bone loading may be a potential preventive intervention in these children. 
However, as low bone mass may be multifactorial in these children, more detailed investigation of potential 
aetiological factors is required before interventions are planned. 
 
Fortunately, providing adequate vitamin D is not difficult.  Vitamin D supplements 

are readily available, crushable and inexpensive. They can be purchased in very large bottles 
at ware-house-type stores for very little money.  Please see my “Top Five” handout for 
much more on this and specific suggestions of many ways to meet these intake goals. 

(“My Current Top Five Easy Ways to Improve Your Family’s Nutrition.”) 
 

“Conditionally Essential Nutrients”  
 

In the study of nutrition, a substance is said to be “essential” if one has to take it in 
from outside.  Substances that are classified as “non-essential” are needed just as much in the 
body, but we usually have the ability to make enough ourselves and therefore we do not have 
to eat them.  However, it is well known that some substances can become essential in certain 
conditions, like when one needs to continually heal wounds. We can make enough of a 
substance for running things under normal circumstances, but when there is higher than 
average demand related to a severe health condition, the amount we can make for ourselves is 
simply inadequate to do the job. These substances are therefore regarded as “Conditionally 
Essential.”  Many substances fall into this category, including the amino acids arginine and 
glutamine, and the nucleotides used to make DNA for the center of every new cell.   

 
Carnitine is a conditionally essential substance made of two amino acids needed 

for the body to make useable energy out of body fat or dietary fat. Several cases of 
serious and sometimes fatal heart damage (“cardiomyopathy”) from carnitine inadequacy 
have been reported specifically in children with EB, underscoring the importance of 
assuring adequacy, and not just assuming it.  

 
Lethal cardiomyopathy in epidermolysis bullosa associated with amitriptyline. Arch Dis Child. 2005. 
Aug;90(8):871-2. Dilated cardiomyopathy in dystrophic epidermolysis bullosa: a lethal complication of 
epidermolysis bullosa. Eur J Anaesthesiol. 2002 Sep;19(9):689-90. Dilated cardiomyopathy in dystrophic 
epidermolysis bullosa. Arch Dis Child. 2000 Jul;83(1):59-63. Review. 

 
Alpha lipoic acid is an antioxidant but it also has an important role in making energy 

out of food.  [For all you science people out there, alpha lipoic acid is part of the TCA cycle in 
two separate reactions.] It is also the subject of considerable interest in wound healing and 
nerve function, especially in diabetes. Similarly, it may evolve that there may be applications 
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for CoQ-10 (ubiquinone), another antioxidant substance that is also active in an energy 
production pathway. As yet I have seen nothing specific to EB in the scientific literature on 
this topic, but they may turn out to be a substances of considerable interest here, too, as they 
have been in other health conditions. 

 
Research in using these substances to improve wound healing in general has been on-

going for many years, and in many cases very promising results have been obtained. Some 
special tube-feeding products designed specifically to encourage wound-healing already 
incorporate generous amounts of some of these conditionally essential nutrients in their 
formulations. However, much is not yet known about the circumstances in which 
supplementing these substances would have the greatest likelihood of helping, the amounts 
that may be needed, the safety of using them in various situations, and the cost.  This exciting 
topic is too big to include in detail here, but you will be seeing more attention to these 
conditionally essential substances in the news.  
 
Dental Issues 

 
Dental problems are common in 

EB, and they can result in pain, tooth loss, 
tooth decay, enamel issues, eating 
problems, and malnutrition. Even brushing 
with a soft brush or swab may contribute to 
injury in the mouth. A dentist should be 
consulted to determine if some protective 
treatments might be useful (such as 
coatings or fluoride treatments) and for 
guidance on safe cleaning of the teeth and 
gums. Inadequate vitamin D is a big 
contributor to the poor bone and tooth  

 
Without adequate vitamin D the calcium 
in the diet is poorly absorbed. That means 
that what might look like a good amount of 
calcium intake on paper will actually not be 
enough to meet the body’s requirements.

formation and osteoporosis often seen with 
severe EB.  
 

Saliva and some foods are more alkaline or “acid-neutralizing” in nature and they 
may help decrease the bacterial “acid bath” to which teeth are exposed when any 
carbohydrate is eaten (as discussed earlier in the section on carbohydrate additives.)  
Cheese, with its high calcium and low carbohydrate content has been shown to decrease 
cavities in rats fed sugar water when the feeding was followed by a bit of cheese. 
Similarly, sugar-free gum or similar products that increase production of (alkaline) saliva 
have been found to decrease cavities in a number of situations.  Whether these 
approaches are useful or safe (or constipating) for an individual with EB has not been 
studied, but there may be something using similar principles that could be helpful.  
 

And of course, the development of healthy teeth is also very dependent on our 
ability to assure adequacy of the many nutrients involved in tooth production, including 
not only calcium, phosphorus and fluoride but vitamin D, magnesium and vitamin C as 
well. Vitamin D issues were addressed earlier. Vitamin C is extremely important for the 
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connective tissue that keeps teeth attached to the jaw and for wound healing, but it is best 
to avoid regularly chewing or sucking on vitamin C supplements because vitamin C is 
itself acidic (“ascorbic acid”) and it can contribute to tooth decay when in direct content 
with teeth for a period of time. Swallowing it in pill form does not have the acidifying 
effect on teeth, and as part of a meal eaten orally the effect is also less. 

 
Anemia 
 

Anemia  (low hemoglobin in blood) is a common problem in EB and in any 
condition with a major inflammatory component.  Sometimes this kind of anemia is called 
“the anemia of chronic disease” because it is not just a “nutritional” anemia. In this situation, 
inadequate iron may not be the problem at all.  As described earlier, high production of free 
radicals from inflammation can damage red blood cells so they have a much shorter functional 
life. So, even if iron is available, the body’s production of new red blood cells just can’t keep 
up with the red blood cell destruction from free radical damage. The red blood cell breaking is 
called “hemolysis.”  As described earlier, providing generous antioxidant protection and 
decreasing inflammation via altering the omega-6 to omega-3 fat ratio will help red blood cells 
live longer to do their work. 
 

Iron deficiency can certainly cause anemia. Iron absorption, iron sources and iron-
related constipation issues were discussed earlier. People do not normally “lose” much iron 
unless there is blood loss, but a significant amount can be lost in the sloughing of skin from 
wounds or intestinal injury. Therefore, actual requirements for iron will be higher in severe EB. 
Blood tests for “ferritin” can normally help the physician determine if iron stores are truly 
low, but unfortunately, chronic inflammation can cause the ferritin level to be artificially 
elevated. The doctor can use other evaluations (like iron saturation) to determine whether or 
not a person’s body is truly “iron hungry” or if it is just having trouble keeping up with red 
blood cell production for other reasons. These different causes should result in different 
therapeutic approaches. Just adding more and more supplemental iron in this situation 
may not only be unhelpful but it can contribute to problems like constipation, and 
increased free radical production. 

 
In addition to iron deficiency and the anemia caused by red blood cells breaking, 

anemia can develop because of inadequacy of several other nutrients, including folic acid, 
vitamin B12, vitamin C, copper, zinc and protein. For that reason, just adding supplemental 
iron to a person’s diet is unlikely to solve the problem. Assuring adequacy of all of these 
nutrients is central to the prevention of anemia. As with the zinc issues described earlier, iron 
from meats is much better absorbed than the iron used in supplements, and the presence of meat 
also makes the supplement iron be better absorbed. (See my iron and zinc handout.) 
 

Therapeutic diets that eliminate certain foods or entire food groups are in need of 
careful attention to the nutritional adequacy provided by the foods remaining. This 
includes special diets for allergies, celiac disease (“gluten-sensitive enteropathy”), autism, or the 
ketogenic diet for seizure control and also those that have eliminated many foods because of 
texture problems as may occur in EB.  It is critical that the nutritional adequacy of the diet is not 
compromised. Sometimes small adjustments in the foods offered can solve any problems caused 
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by food group limitation, but in the more restrictive diets it is virtually impossible to obtain 
appropriate levels of vitamins and minerals without careful supplementation.  As the nutrient 
content of supplement products on the market can be quite variable, it is reasonable to 
have the diet and supplement plan evaluated carefully by a credentialed nutrition 
professional (e.g. an RD – a Registered Dietitian) using a computer analysis program.   

 
Such programs are available in many hospitals and clinics and in many university 

settings. They allow for the clinician and the family to be very sure that there are no accidental 
nutrient inadequacies or excesses in the feeding regimen that could harm the child’s overall 
health. Most computer programs in stores that sell health products and vitamin supplements, 
however, are inadequate for the kind of careful micronutrient assessment that is needed in this 
situation, and in addition, they are often primarily programmed to promote and increase sales 
of particular nutrition products. Appropriate supplementation can be quite inexpensive and as 
effective as the higher priced products.  Often various products are promoted as much superior 
simply because the individual promoting it is also selling it. 
 
 
Drug/Nutrition Interactions 
 

Like anyone else with a serious medical condition, people with EB may use a 
number of medications with important nutritional implications.  A short list of 
medications with important nutrition interactions is shown below.  For the details on the 
nature of these particular drug interactions, please see my handout on “Nutrition for Special 
Needs Kids.” 

 
Seizure (epilepsy) medications like phenobarbital, valproate (Depekene®,) phenytoin  

 (Dilantin®,) and Tegretol®  
Anti-inflammatory (Hydrocortisone)  
Infection treatment (many antibiotics) 
Broncho-dilator for asthma (Theophyllin)  
Anidepressants: Serotonin Re-uptake Inhibitors, Zoloft®) 
Stomach Acid Reducers:  

 (H2 blockers: Zantac®, Tagamet®, ranitidine and cimetidene) 
 (Proton Pump Inhibitors: Prilosec®, Nexium® Protonix® Pepcid® Prevacid®)  
Diabetes medication (Glucophage®, Metformin)  
ADHD control (Methylphenidate, Ritalin®)   

 Amytriptaline 
 

Drugs can also affect intake by causing nausea, vomiting, constipation, taste 
changes, lethargy, or altered appetite. In EB it is important to know that narcotic pain 
medications often cause severe constipation and appetite loss.  When these drugs are 
necessary, plan ahead to minimize the development of constipation as described earlier. 

 
Herbal remedies and the term “Dietary Supplement” 
 

 “Herbal remedies” are not nutrients but many people have been given the 



impression that they are.  They are often marketed as “dietary supplements” because by 
law, the people selling them do not have to prove that their product is safe or effective.  It is 
a loophole in the Food and Drug Administration’s laws that many people are unaware of.  
People assume that in America a company could not package and sell health products that 
were inadequately tested (or not tested at all.) But although labeled as “dietary supplements” 
in order to avoid having to test them, these products are often actually in the category of 
drugs and medications, not food. This is because whether they are in a natural state or 
packaged as a pill, the implied goal of using them is to achieve some pharmacologic 
reaction like pain relief, treatment for diseases, cancer prevention, etc. 
 

For people with complex medical conditions and especially those who must use 
medications of various types, there can be significant and dangerous interactions when 
unknown to the physician, herbal products (or any “over-the-counter” products) are 
added to the mix.  As one example, the herbal supplement “St. John’s wort” which has 
been promoted as a “natural antidepressant with no side effects” actually interacts with a 
wide variety of medications and causes the medications to stop working sooner than they 
should.  This effect of St. John’s wort has been found with medications for heart disease, 
HIV/AIDS, birth control pills, and drugs that prevent the rejection of transplanted organs. 
Very serious injury has resulted.  
 

This is just one example of why it is very important to discuss the use of ANY 
herbal product or “dietary supplement” with your primary care provider.  “Natural” 
products certainly CAN have side effects – after all, some of the most potent (and also 
dangerous) drugs actually come from plants. For example, digitalis (an important heart 
medicine) comes from the foxglove plant, and even heroin, cocaine and marijuana are 
“herbal” products. Here is a recent comment on the problem from the scientific literature: 
 

Herbal product-drug interactions mediated by induction. Br J Clin Pharmacol. 2006 Jun;61(6):677-81. 
Despite their common use, it is not widely recognized that herbal medicines can alter the efficacy of 
coadministered prescription drugs. Constituents in herbs interact with nuclear receptors to enhance 
metabolizing enzyme and/or transporter activity leading to reduced drug concentrations. Although St John's 
wort was the first and most frequently reported source of induction-style herb-drug interactions, this 
knowledge has not yet changed its current availability. This type of interaction is likely to be relevant to other 
herbal products. Caregivers need to be aware of the issues and options for therapeutic management. 

 
When looking at the label of a product that is being marketed as a “dietary 

supplement,” ask yourself whether this substance is a nutrient (that is . . . is it part of your 
diet?  . . . of your dinner? . . .  like a vitamin would be)  or are they are really promoting a 
substance as having certain medicinal properties?  Interestingly, the label may say (or 
imply) that a substance has been used for generations for depression or sleeplessness or hair 
loss or cancer prevention, or heart disease, etc. etc.  It often very clearly implies that a 
product is a proven useful and safe product for solving a particular health problem.  

 
However, look closely at the small print and you will usually find a legal 

disclaimer that says something like this: “The claims on the label have not been evaluated 
by the FDA” and  “The use of this product is not intended to prevent, diagnose, treat, cure, 
or help any health problem.” [Hmmm . . . Then why did you name this product “Cancer-
Free?”]  Anyway, we all need to read labels closely, and be sure to show any product 
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you are taking (or considering taking) to your health care provider, as many of these 
substances can interact with other medications, or they may present special problems for 
folks with particular health problems.  

 
Another technique used by “dietary supplement” marketers is to label a product as 

“supporting” or “promoting” the health of some body system.  This is a special type of legal 
claim – a “function” claim” – because it really just states that the nutrient has a role in some 
bodily function. An example would be saying “Vitamin B2 has a role in energy 
metabolism.”  (It does.) However, although that statement is true, it does not necessarily 
follow that one’s intake of the substance is likely to be inadequate and in need of 
supplementation, or that taking extra will “give you energy.” (It won’t.) They usually fail to 
note that the amount needed by an individual is already adequate in most situations or that it 
can easily be provided with a small diet adjustment or an inexpensive general supplement as 
described earlier. It also implies (but will not outright state) that taking more of the 
substance than usual would be beneficial for treating problems with the body function it 
“supports.”  

 
For example, I once saw a sign on a table in a store displaying a very expensive 

protein powder that said: “Protein is Essential for LIFE!”  Now, that is certainly true … with 
no protein we would not survive. Same with oxygen and water! ☺  However, in this case the 
implication was clearly that one had better be on the safe side and buy protein supplements, 
since the alternative appears to be death.  However, there was no mention of the fact that 
most Americans eat about three times the amount of protein they need just from food, and 
there is no need at all for most of them to take extra supplemental protein.  

 
So, while in this case eating the protein powder would generally not be harmful, I 

am always irritated by the use of baseless fears or tricky wording to sell expensive and 
questionably helpful health and nutrition products. When these techniques are used to trick 
people already struggling with serious medical conditions, I find it unconscionable.   

 
This kind of tricky marketing also has a tendency to make health care professionals 

“throw the baby out with the bath water.” When there is so much that is “iffy” in the 
marketing of nutrition (or non-nutrition products labeled as “dietary supplements”) the use 
of truly helpful and scientifically sound nutrition information does not get the attention it 
deserves.   
 
So, now I’ll get down off my soapbox and summarize all this rambling: 
Summary:   
 

Providing optimal nutrition for the individual with EB can: 
• promote healing of wounds. 
• optimize physical, intellectual and psychological development.  
• prevent serious complications like osteoporosis. 
• decrease problems like constipation, anemia and poor dental health. 
• optimize immune function to reduce the incidence/severity of illness 
• decrease pain due to inflammation or nutritional inadequacy 
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• optimize the safety and effectiveness of any medications used 
• facilitate the care of the individual 
• improve the quality of life of the individual and caretakers  

 
These goals will only be realized when health professionals are able to take a 

close look at this important aspect of care. Please feel free to share this paper with 
others, including your health care professionals.  

 
I was very pleased to meet many people in the EB community at the conference in 

Nashville, and I am grateful for the opportunity to learn more about living with this 
condition.  I wrote this paper as the result of that experience. However, please remember 
that this entire paper is just my best guess (based on the most recent scientific literature) 
about aspects of nutrition may be helpful for people with severe EB.  It does not represent 
the official recommendations of any facility or organization, and it is intended to be 
used only with the involvement and approval of one’s primary health care provider.  
(Sounds like one of those tricky legal disclaimers, doesn’t it? – Well, it sort of is one 
because people’s health conditions are just too variable for the suggestions included here to 
be optimal for all, and there is still a lot to be learned. So, please think of this paper as just 
a little well-intentioned meddling from your Aunt Cathy. 

 
Also remember that this paper was written in June of 2006 . . . check the 

MeritCare Website [www.meritcare.com] for updates.   Just type my name in the search 
box and then pick “Cathy Breedon’s handouts.”   

 
You can also find the other papers there that I referred to earlier as sources of more 

specific nutrition details.  You will also find more of my “Best Guess” information there 
about nutrition for other health conditions that someone in your family may be dealing with, 
such as diabetes, multiple sclerosis, celiac disease and hemochromatosis. 

      Cathy B. 
  

 
 
Baby elephants courtesy of: 
www.wildlife-pictures-online.com 
www.africaguide.com 
www.iucn.org 
www.lowryparkzoo.com/baby_elephant/photos.html  
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I. Introduction:

Why Do Some Babies Have Fetal Alcohol Syndrome (FAS)
and Others Do Not?

In 1995 a hypothesis was suggested to explain why only relatively few women who
drink alcohol during pregnancy give birth to children with FAS.  Epidemiological, clinical
case, and basic biomedical research was evaluated, and the authors concluded that specific
sociobehavioral risk factors such as Low SES (Socio-Economic Status) are permissive of
FAS in that they provide a context for increased vulnerability.

[Maternal risk factors in fetal alcohol syndrome: provocative and permissive influences. Neurotoxicol
Teratol. 1995 Jul-Aug;17(4):445-62.]

Poor nutritional status of the mother is one of many environmental risk factors,
and it deserves some attention because nutrition is one factor that we may be able to alter
to improve the outcome of pregnancy.  Poverty and poor nutritional status are clearly related,
so it can be difficult to tease out any unique contribution of nutrition.  However subsequent
FAS research has demonstrated that there are nutrition influences on FAS in humans
unrelated to poverty, and animal research has demonstrated the ability of certain
nutrition deficits to exacerbate the effects of perinatal alcohol.

As one example, decreased maternal antioxidant status in conjunction with alcohol
provokes FAS in vulnerable fetuses. Research in this area involves examinations of the relative
availability of vitamins A and C, beta-carotene (and other antioxidant phytochemicals), zinc
and selenium.

Other nutritional factors are also being found to contribute to the degree of
damage induced by maternal alcohol use.  These include the relative availability of a
number of vitamins and minerals whose functional role in metabolism is affected by the
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presence of alcohol. Significant alcohol intake alters the amount of certain nutrients required
to metabolize alcohol as an energy substrate (fuel source).  The B vitamins have been the
focus of much interest in this area, along with mineral co-factors like magnesium and
chromium.

Excessive alcohol consumption also alters the requirement for nutrients that have a
role in detoxifying potentially harmful substances. In the latter scenario, alcohol
dehydrogenase enzyme and the Cytochome p40 system are examples of this “garbage
disposal” function that has much more work to do when alcohol intake is excessive. Both
depend significantly on the adequacy of certain nutrients such as iron and zinc, and the
requirement for these nutrients may increase as well.

It is useful to remember that the usual recommended intakes of nutrients (like the
RDAs, DRIs, AIs, etc.) are based on the best guess about the needs of the “healthy”
population. Excessive alcohol intake can alter people’s actual nutrient requirements
substantially so the usual recommendations may no longer be optimal or even adequate. This
paper will focus on research into this issue.

Additionally, while it is clearly the case that avoiding alcohol abuse during pregnancy
(or at any time of life) is the goal, we are a long way from reaching it. While efforts continue
to be made in that direction, it seems to me that right now we should still do all we can to
make maternal alcohol consumption hurt the babies less.

II. Historical Perspective on Nutrition Aspects of FAS:

Although the term FAS was not coined until the early1970s, the damage associated
with alcohol use in pregnancy has been noted at least as long ago as early Bible times.
Dietary interventions have been seen as potential factors in the treatment of children of
alcoholics for at least 100 years.

[Fetal alcohol syndrome: historical perspectives. Neurosci Biobehav Rev. 2007;31(2):168-71.]

Over 100 years ago (in 1890) a report in the Journal of the American
Medical Association made the following dietary regimen recommendations:

"No fact is more firmly established than that alcoholic ancestors will transmit
to  their children a defective brain and nerve power.  The form and shape of
this defect and its manifestations will vary widely.

 The general principles which should govern in the treatment may be grouped
as follows:
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1) “No form of alcohols are safe, and narcotics of all kinds should be used with great care.”

2) “The diet should not include meats, because of their stimulating character; while meats
     contain much food force, they act as stimulants to a brain already over-stimulated and
     exhausted, and increase the peril of nervous disease.”

3) “The pathological tendency of all these cases is to become alcohol-takers and meat-
      eaters, hence the diet should always be non-stimulating and farinaceous [grain-based],
      and should be carried out with military regularity."

                                             [100 years ago: alcoholic heredity in diseases of children. JAMA Oct 1990;264:1888.]

This diet is (of course) no longer advised, although
FAS does effect growth and nutritional needs.

III. ALCOHOL and NUTRITIONAL STATUS
Alcohol has its most profound negative effect on nutritional status once alcohol

intake exceeds 30% of daily calories on a regular basis.   At this level, intakes of protein,
fat, vitamin A, vitamin C, thiamine, calcium, iron, zinc and fiber usually fall below 75% of the
(non-pregnancy) RDA.

Malabsorption, alcohol-nutrient and nutrient-nutrient interactions aggravate the
nutritional profile. Additionally, the “RDA” (or RDI or DRI or AI or similar recommended
intake levels) no longer directly applies when the population is not a member of the
“healthy” population.  Deficiencies in many B-complex vitamins are frequently seen among
alcoholics. Thiamine and folic acid deficiency are the most common (or at least the most
commonly looked-for or recognized), leading to cardiac and neurologic complications.

[Medical and Nutritional Complications of Alcoholism: Mechanisms and Management, 1992]

Many studies have examined the role of a number of nutrients or diet
features relative to:

1) alcohol use in general,
2) the effects of alcohol on the fetus, and
3) the health of children with FAS.

This paper will focus on the possibility of minimizing fetal damage
from alcohol exposure with an emphasis on

prenatal vitamin and mineral nutrition factors.
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Evaluating the effects of alcohol on fetal development in humans is extremely difficult.
Many types of studies are simply impossible for ethical reasons. Much of the research
therefore involves laboratory animals and our ability to generalize study results to humans is
always an issue.

However, studies in laboratory animals are demonstrating several areas of specific
interactions between nutrients and alcohol exposure that modify the developmental injury
associated with the alcohol exposure. There are very likely similar relationships in humans, as
has been well documented for certain nutrients such as the effect of alcoholism on vitamin B-1
(thiamin) and folic acid status, requirements and utilization.

Specific Nutrients of Interest in FAS:

Thiamin (Vitamin B-1)

A number of mechanisms may be involved in the pathogenesis of thiamin
deficiency in the alcoholic:

       1. inadequate dietary intake;
       2. impaired intestinal transport; and especially
       3. decreased conversion of the dietary or supplement form to the

active coenzyme form (i.e. TPP).

In rats, both functional and structural studies showed that neurotoxic effects of
developmental alcohol exposure were not reversed by thiamin administration. However,
adverse effects of undernutrition following developmental alcohol exposure were suppressed
by thiamin administration. In a more recent study (2009) the results indexed thiamin
deficiency related to alcohol or to dietary inadequacy as a potent risk factor for
stillbirths.

[Alcohol and B1 vitamin deficiency-related stillbirths. J Matern Fetal Neonatal Med. 2009;22(5): 452-7. Delayed
language development due to infantile thiamine deficiency.  Develop Med & Child Neurol. 2009;51(8):629-634.
Thiamin administration during chronic alcohol intake in pregnant and lactating rats: effects on the offspring
neurobehavioural development. Alcohol Alcohol. 1996;31(1):27-40.]

The recommended thiamin (vitamin B-1) intake for non-pregnant chronic
alcoholics is 15 mg/day (DRI = 1.4).   That is, the person who abuses alcohol benefited from
taking in ten times the usual amount of thiamin. This is a good illustration of a situation in
which the usual recommended intake level is not adequate in certain “non-healthy”
populations.  There is currently no specific recommendation for pregnant women who are
alcoholics, but it is likely to be more because of increased need.

[Individual susceptibility to Wernicke-Korsakoff syndrome and alcoholism-induced cognitive deficit: impaired thiamin
utilization found in alcoholics and alcohol abusers. Psychiatr Genet. 2002 Dec;12(4):217-24. ]
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But how safe would it be to provide over ten times the usual amount of
thiamin in pregnancy?

The Food and Nutrition Board did not set a tolerable upper level (UL) of intake for
thiamin because there are no well-established toxic effects from the consumption of excess
thiamin in food or through long-term oral supplementation (up to 200 mg/day).

[http://lpi.oregonstate.edu/infocenter/vitamins/thiamin/]

 A recent study investigated the tolerable upper intake levels of vitamin B-1 and
vitamin B-2 in weaning rats. The results showed that feeding a diet containing up to 1.0%
thiamin-HCl or 1.0% riboflavin (vitamin B-2) did not induce apparent adverse effects, and the
“no-observed-adverse-effect-levels” (NOAELs) for thiamin and riboflavin in rats might be
1.0% in diet, corresponding to 900 mg/kg body weight/day.

[Effects of excess vitamin B1 or vitamin B2 on growth and urinary excretion of water-
soluble vitamins in weaning rats Shokuhin Eiseigaku Zasshi. 2009;50(2):70-4.]

While this was not a human study or a pregnancy study, it is useful as an indicator of
how unlikely it would be that providing simply generous thiamin (like the 15 mg described for
non-pregnant alcoholics above) in alcoholic pregnancy would be harmful.

Consider that:

1. The current prenatal recommendation (DRI) is 1.4 mg/day of thiamin, but it  is
extremely unlikely to be toxic at levels far above this, (e.g. there is no recognized
upper limit of safety, as described earlier.

[Dietary Reference Intakes: Recommended Intakes for Individuals (PDF|87 KB)
National Academy of  Sciences. Institute of Medicine. Food and Nutrition Board.

                       Dietary Reference Intakes: Summary of Applications I dietary assessment.  Public
                      Health Nutr. 2002 Dec;5(6A):843-9.]
 

2. The DRI reference weight for (non-pregnant) women is 126 lbs (57 kg).
 
3. The “no observed effect in rats” level of 900 mg/kg/d described above would

 correspond to a 57 kg (~125 lb) human’s intake of  51,300 mg thiamin /day.
 This makes the 15 mg thiamin /day suggested earlier for (non-pregnant)
 alcoholics not look so very high.
 

 
 It is well known that thiamin deficiency in pregnancy is very injurious to both

mother and baby, and fetal development in the presence of both alcohol abuse and
thiamin deficiency is worse than either exposure alone.

 
 There are many reports of Wernicke’s encephalopathy (also called Wernicke-Korsakoff

Syndrome) in pregnancy. This is a very serious life-threatening and neurologically damaging
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condition caused by thiamin deficiency. It is one manifestation of a life-threatening condition
from thiamin deficiency called beriberi – a condition unexpected in the general US population,
and therefore rarely recognized when it develops.

 
 Thiamin deficiency during pregnancy is particularly injurious to mother and baby.  It has

also been described as a side effect during pregnancy of hyperemesis gravidarum (very severe
nausea and vomiting in early pregnancy,) history of maternal gastric bypass (bariatric) surgery,
and some eating disorders. (Please see my “Prenatal Top 10” handout for more on this.)

 
 As the most common contributing cause of thiamin deficiency in the developed world is

alcohol abuse, it is reasonable to consider a person who abuses alcohol as being at significant
risk of being thiamin deficient, even in the absence of any symptoms or lab tests. When that
person is pregnant or planning a pregnancy, it would be very prudent to recognize the
potential for fetal damage from the relative inadequacy, and to address it.
 
 General: The Korsakoff syndrome: clinical aspects, psychology and treatment. Alcohol Alcohol. 2009 Mar-Apr; 44

 (2):148-54. Risk of thiamine deficiency in the non-alcoholic: Tracking ID # 153103.  J Gen Intern Med. 2006;21
(Suppl. 4):265.  Wernicke's encephalopathy: beyond alcoholism. Nat Clin Pract Neurol. 2006 Jan;2(1):54-8.
Functional Limitations in Thiamine Deficiency Neuropathy: FIM Score Improvement With Treatment.  J Clin
Neuromusc Dis. 2006;7(3):104-109. Ophthalmoplegia & Nystagmus in Infants Fed a Thiamine-Deficient Formula:
An Epidemic of Wernicke Encephalopathy. J Neuro-Ophthalmol.2005; 25(3):169-172.

 
 Bariatric surgery: Wernicke's encephalopathy presenting as acute psychosis after gastric bypass. J Emerg Med.

 2009 Apr 28. Wernicke’s encephalopathy after subtotal gastrectomy for morbid obesity. Rev Neurol (Paris). 2008
May;164(5):463-7. Wernicke Encephalopathy After Bariatric Surgery: A Systematic Review. Ann Surg. Nov
2008;248(5):714-720. Nutritional consequences of bariatric surgery. Current Opin Clin Nutr & Metabol Care.
2006;9(4):489-496. Wernicke Encephalopathy Post Gastric Bypass: 668. Am J Gastroenterol. 2005;100 (Suppl
1):S251-S252. Wernicke-Korsakoff Encephalopathy & Polyneuropathy After Gastroplasty for Morbid Obesity:
Report of a Case. Arch Neurol. 2000 Sep;57(9):1356-9.]

 
 Hyperemesis gravidarum: Hyperemesis gravidarum induced Wernicke’s encephalopathy: serial clinical,

 electrophysiological and MR imaging observations. J Neurol Sci. 2009 Sep 15;284(1-2):214-6. Wernicke's
encephalopathy associated with hyperemesis gravidarum] Rev Neurol. 2008 Sep 1-15;47(5):274-6. Hyperemesis
gravidarum: a rare cause of Wernicke encephalopathy] Presse Med. 2007 Dec;36(12 Pt 1):1759-61. Pregnant woman
with hyperemesis, confusion, ataxia and nystagmus] Tidsskr Nor Laegeforen. 2006 Apr 6;126(8):1069-
71.Wernicke's Encephalopathy with Hyperemesis & Ketoacidosis. Obstet Anesth Dig. 2006;26(2):97. Hyperemesis
Gravidarum Complicated by Wernicke Encephalopathy: Background, Case Report, and Review of the Literature.
Obstet & Gynecol Surv. 200661(4):255-268. Acute Wernicke's encephalopathy induced by hyperemesis gravidarum
Acta Neurolog Scandinav. 1999;99(3):196-198.]

 
 
 Identifying alcohol-related thiamin deficiency:
 

 Researchers have described early diagnosis of alcohol-related thiamin deficiency as an
important aspect of effective intervention and treatment. Alcohol biomarkers exist that provide
a direct and indirect way of estimating the amount of alcohol being consumed, the duration of
ingestion and the harmful effects that long-term alcohol use has on body functions.
Appropriate use of these markers can be very helpful when considering a diagnosis of alcohol-
related thiamin deficiency.

 
 [Biomarkers in alcohol misuse: their role in the prevention and detection of thiamin deficiency. .Alcohol
Alcohol. 2009 Mar-Apr;44(2):177-82.]
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 CB Note:
 
 However, we do not need to diagnose deficiency before recommending a generous

thiamin intake in women at risk.  The simple expedient of providing a generous (safe and
cheap) thiamin intake to all women with a history of alcohol abuse may help prevent fetal
damage. The idea would be to prevent injury by NOT waiting until overt deficiency has caused
enough serious damage to be recognizable.

 
 Thinking further along this line, though … many women’s alcohol use/abuse goes

undetected and unadmitted. Providing generous thiamin to all would provide some protection
to those individuals and their infants, plus those with a history of bariatric surgery.

 
 An additional advantage to this approach is that no one must be singled out as being an

alcoholic, or made to admit alcohol abuse before we provide any help in this area. In
populations with a high prevalence of alcohol abuse this kind of simple intervention would
likely be a quite cost-effective way to minimize fetal alcohol severity to some degree, and to
protect the adult drinker from serious injury as well with no harm to others.   As always, this is
not the official recommendation of any official health group … it’s just my best guess.
 

 Riboflavin (Vitamin B-2)
 

 Riboflavin deficiency is very common in alcoholism because of poor diet but also
 because alcohol impairs absorption of riboflavin in the intestine. Absorption of dietary sources
is more impaired by alcohol than absorption of riboflavin in vitamin supplements. Milk is the
richest dietary source. Riboflavin is involved in all energy and protein metabolism so it is
important in fetal development. It may be especially important in mood.
 

 [Mechanisms underlying the differential effects of ethanol on the bioavailability of
riboflavin and flavin adenine dinucleotide. J Clin Invest. 1987 May;79(5):1343-8.]

 

 Niacin (Vitamin B-3)
 
 Chronic alcoholics are also at risk of unrecognized pellagra (niacin deficiency)

 which is a condition that can, if uncorrected, result in dementia, severe skin problems, and
even death.  Niacin is involved in many metabolic functions, so deficiency can result in a wide
range of problems.
 

 A form of niacin called nicotinamide was found to prevent some of the
 deleterious effects of alcohol on the developing mouse brain when given shortly after
alcohol exposure. The authors concluded that nicotinamide may hold promise as a preventive
therapy of FAS.

 [Nicotinamide protects against ethanol-induced apoptotic neurodegeneration in
the developing mouse brain. PLoS Med. 2006 Apr;3(4):e101. Pellagra among
chronic alcoholics: clinical and pathological study of 20 necropsy cases. J Neurol
Neurosurg Psychiatry. 1981 Mar;44(3):209-15.]
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 Vitamin B6 (Pyridoxine)
 

 Deficiency has been reported in alcoholics and even in the general public. High
 alcohol intake may be associated with inadequate intake, and in addition, alcohol increases B6
destruction so one’s requirements would be higher than usual. Vitamin B-6 is a cofactor for all
protein, amino acid and neurotransmitter metabolism. It can also result in an elevated
homocysteine level.

 [Prevalence and mechanisms of hyperhomocysteinemia in chronic alcoholics.
 Alcohol Clin Exp Res. 2005 Jun;29(6):1044-8.]

 
 

 Folic Acid and Vitamin B12:

 Folic acid is a nutrient of well-documented prenatal importance. It works with
 vitamin B12 and vitamin B6 in certain pathways related to making DNA, which means that all
three need to be adequate for fetal development to proceed normally. Lower serum folate
levels have often been reported in alcoholic populations.
 

 Since 1998 folic acid has been added to grain products in the US which has improved
the birth defects rates significantly. However, the amount added for the general public is
unlikely to prevent deficiency in alcohol abusers because alcohol directly impairs folate
absorption in the intestine. Additionally, malnourished alcoholics do not absorb folate as
well as well-nourished alcoholics do.

 
 Once folate depletion occurs, alcohol accelerates the production of megaloblastic

anemia, and suppresses the hematologic response to folate. Folic acid deficiency is also related
to mental health issues (e.g. depression.) It now appears that supplementing folic acid and
vitamin B12 together may help prevent some fetal damage from exposure to alcohol.
 

 [Effect of folic acid on prenatal alcohol-induced modification of brain proteome in
mice. Br J Nutr. 2008 Mar;99(3):455-61.  The maternal combined supplementation of
folic acid and Vitamin B(12) suppresses ethanol-induced developmental toxicity in
mouse fetuses. Reprod Toxicol. 2006 Jul;22(1):56-61.]

 
 

 Choline:
 

 Disturbances in choline metabolism cause neural tube defects in mouse embryos in
 vitro.  Maternal choline availability is critical in the developing fetal rat brain hippocampus –
an area of the brain responsible for memory and much affected by fetal alcohol exposure.
Inhibitors of choline uptake and metabolism cause developmental abnormalities in mice.

 
 [An overview of evidence for a causal relationship between dietary
availability of choline during development and cognitive function in
offspring. Neurosci Biobehav Rev. 2006;30(5):696-712. Periconceptional
dietary intake of choline and betaine and neural tube defects in offspring. Am
J Epidemiol. 2004;160(2):102-109.]
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 Choline is an essential nutrient in methylation, acetylcholine and phospholipid
 biosynthesis, and in cell signaling. The demand by an embryo or fetus for choline may place a
pregnant woman and, subsequently, the developing fetus at risk for choline deficiency.

 
 Several studies have shown that providing prenatal or neonatal

choline supplementation can ameliorate some of the effects of prenatal
alcohol … findings with important implications for children of women who
drink alcohol during pregnancy.

 
 [Prenatal choline supplementation mitigates the adverse effects of prenatal alcohol
exposure on development in rats. Neurotoxicol Teratol. 2009 Jul 16.  Choline
supplementation attenuates learning deficits associated with neonatal alcohol exposure
in the rat: effects of varying the timing of choline administration. Brain Res. 2008 Oct
27;1237:91-100. Choline supplementation following third-trimester-equivalent alcohol
exposure attenuates behavioral alterations in rats. Behav Neurosci. 2007
Feb;121(1):120-30.]

 
 

 What are the best sources of dietary choline?
 
 This is a nutrient that has not been in our radar until fairly recently, and it is turning out to have
important roles in a wide variety of tissues.  It deserves closer attention because inadequacy is
a problem for some people, and deficiency is now known to be associated with serious medical
problems.
 

                     By far the richest dietary sources are:
 

                              egg yolk          ~125 mg/yolk
                              beef liver        ~120 mg/1oz
                              wheat germ    ~85mg/half cup
 
 
 
 There is an excellent overview with references and lots of information about
choline at this website: http://lpi.oregonstate.edu/infocenter/othernuts/choline/
 The following excerpts are from that site:
 
  “Most choline in foods is found in the form of phosphatidylcholine. Milk, eggs, liver, and
peanuts are especially rich in choline.”

            [CB note: peanut butter has only 10 mg choline per Tblsp., so I’m not sure
                             why it was mentioned here.]

 
 “Phosphatidylcholine, also known as lecithin, contains about 13% choline by weight.
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 Presently, national surveys do not provide any information on the dietary intake of choline, but
it has been estimated that the average intake by adults is between 730 and 1,040 mg/day.
 
 Lecithins added during food processing may increase the daily consumption of choline by
about 115 mg/day.
 
 Strict vegetarians who consume no milk or eggs may be at risk of inadequate choline
intake.” …
 
 “Supplements:   Choline salts, such as choline chloride and choline bitartrate are available as
supplements. Phosphatidylcholine supplements also provide choline; however, they are only
13% choline by weight. Therefore, a supplement providing 4,230 mg (4.2 grams) of
phosphitidyl choline would provide 550 mg of choline.  Although the chemical term, "lecithin"
is synonymous with phosphatidylcholine, commercial lecithin preparations may contain
anywhere from 20-90% phosphatidylcholine. Thus, lecithin supplements may contain even less
than 13% choline.”
 
 
 
 

 Here’s another good resource:

 “Good Sources of Dietary Choline Now a Mouse Click Away

 http://www.ars.usda.gov/IS/pr/2004/040316.htm
 A new specialty database is now available to help people get healthful amounts of the
nutrient choline in their diets. The database can be accessed online, free of charge, at
the

 Agricultural Research Service's Nutrient Data Laboratory (NDL) web site:
 http://www.ars.usda.gov/main/site_main.htm?modecode=12-35-45-00”

 
          
 

 Adequate Intake (AI) for Choline
 Life stage  Age  Males (mg/day)  Females
 Infants  0-6 months  125  125
 Infants  7-12 months  150  150
 Children  1-3 years  200  200
 Children  4-8 years  250  250
 Children  9-13 years  375  375
 Adolescents  14-18 years  550  400
 Adults  19 years and older  550  425
 Pregnancy  All ages  -  450
 Breast-feeding  All ages  -  550

 
 http://fnic.nal.usda.gov
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 CB Note --  Practical application to FAS:
 

 The cheapest and most available food to encourage pregnant women to eat to
improve choline intake is clearly egg yolk. The WIC program already provides eggs as
part of the food package for low income pregnant women, so the missing step is actively
encouraging generous egg consumption for pregnant women in general, and those with
potential alcohol issues in particular.
 

 Remember to advise the NON-low income pregnant women about this as well.
Alcohol problems are found at all levels of socio-economic status (SES.)  However, women are
more likely to be identified or labeled as alcohol abusers if they are from a lower income
population. Similarly, the likelihood of an infant receiving a diagnosis of Fetal Alcohol
Syndrome is significantly less in whites and in higher SES populations, even when alcohol use
is suspected or evident.
                                                   [Fetal alcohol syndrome: maternal and neonatal characteristics. J Perinat Med.
                                                                    1998;26(4):263-9. By  Bagheri MM, Burd L, Martsolf JT, Klug MG …
                                                                    North Dakota researchers!]
 -----------------------------------------------------------------------------------------------------------

 For people concerned that the cholesterol content of some extra egg yolks might
present a problem:  In our society we tend to equate the word cholesterol with serious health
problems.  It is important to realize that in pregnancy women actually work very hard to make
a lot more cholesterol than normal.  Trying to make more cholesterol available during
pregnancy is physiologically normal. This is because cholesterol is required to make
important perinatal substances like myelin (the greasy nerve-coating that speeds up
messages), steroid hormones and the membranes of all cells.  As she is trying to produce
about a trillion cells, a little extra dietary cholesterol at this time is likely to actually be helpful.
 

 
 

 B-Vitamin Summary:
 

 
 Thiamin is among the most studied vitamins affected by alcohol abuse,

but as a good rule of thumb, one clearly should consider the status of all the
B vitamins to be at risk as well.  No B vitamin is ever found to be the only
one compromised when deficiency is recognized and other co-existing B
vitamin deficiencies are then looked for.

 
 Unfortunately, at present the looking-for-other-deficiencies part is quite uncommon in

actual practice. It is costly and not always even possible to do this in a patient-care setting.
“Evidence Based” is a very desirable goal, but an additional problem we have is that the nature
of most nutrition research is modeled on identifying the effect of an intervention with a single
nutrient while holding all else constant (as much as possible.)
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 This research model would tend to miss any potential effect of adjusting intake of one
B-vitamin. As an over-simplified analogy, it would be like concluding that giving oxygen, food
and water is not beneficial because giving any one of them to a rat deprived of all three would
not result in improvement in its state of health.
 

 Research methods aside, it seems reasonable to at least attempt to assure the adequacy
of as broad a scope of nutrients as possible within safe limits.  However, this requires health
care professionals to become more familiar with what the safe limits actually ARE for
each nutrient.  In general, in “application-to-real-people” terms it would mean something as
simple as thinking about providing a multivitamin instead of just the one nutrient that was
evaluated and found to be inadequate. Similarly, one might supplementation with all the B
vitamins (e.g. as a B-complex supplement of whatever strength is indicated by the situation.)

 
 Typically the broader-scope products are no more costly than single-nutrient products,

the safety of the interventions described above is not an issue, and there is the potential to do
more good than just focusing on providing the one nutrient known to be deficient. [And  --- do
I have to say this? -- of course, no supplements are truly “complete,” they don’t take the place
of “eating right,” and they don’t make it OK to abuse alcohol. I am just looking for something I
can do that is at least easy, safe, cheap, more helpful and actually do-able without a
prescription in a very terrible situation.]
 

 Vitamin A and FAS:
 

 Vitamin A in one of its hormonal forms (RA -- retinoic acid) is a key director of the
process of “differentiation” in which a fertilized egg begins to differentiate into various body
parts and organs.  Too little RA or too much RA are both associated with poor fetal outcome.
There are many phenotypic similarities between fetal alcohol syndrome and malformations of
both vitamin A toxicity and deficiency. Some vitamin A derivatives like the acne medication
Accutane are also known to cause birth defects if taken during early pregnancy.
 

 One interaction that appears to have a role in altering fetal development is that the
synthesis of RA from retinol catalyzed by alcohol dehydrogenase. Researchers have suggested
that excessive alcohol intake competes for this enzyme, leading to RA deficiency.  In other
words, using up all one’s alcohol dehydrogenase enzyme trying to protect ones body from
alcohol toxicity, may result in having substantially less available to make vitamin A retinol
into the key RA form.
 

 In FAS, vitamin A metabolism is severely affected, and cell differentiation can be
compromised.  Hepatic (liver) stores are low in chronic alcoholics but replacement therapy
may be toxic to the liver and to the fetus.  Chronic alcohol use depletes hepatic vitamin A
stores regardless of intake because alcohol breaks down vitamin A and promotes its
mobilization from the liver.  In other words, it is a big problem but the solution is not easy.
 

 [Ethanol induces embryonic malformations by competing for retinaldehyde dehydrogenase
 activity during vertebrate gastrulation. Dis Model Mech. 2009 May-Jun;2(5-6):295-305.  Alcohol
and pregnancy: diagnostic aspects and abnormalities in the placental vitamin A pathway ] Ann Biol
Clin (Paris). 2008 Sep-Oct;66(5):509-13. Ethanol exposure affects gene expression in the embryonic
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organizer and reduces retinoic acid levels. Dev Biol. 2005 Mar 1;279(1):193-204. Ethanol increases
retinoic acid production in cerebellar astrocytes and in cerebellum. Brain Res Dev Brain Res. 2004
Nov 25;153(2):233-41. Amelioration of ethanol-induced growth retardation by all-trans-retinoic acid
and alpha-tocopherol in shell-less culture of the chick embryo. Reprod Toxicol. 2004
May;18(3):407-12. Cigarette smoking, alcohol use and adverse pregnancy outcomes: implications
for micronutrient supplementation.J Nutr. 2003 May;133(5 Suppl 2):1722S-1731S. Prenatal ethanol
consumption increases retinol and cellular retinol-binding protein expression in the rat fetal snout.
Biology of the Neonate. 80(2):152-7, 2001 The effect of maternal ethanol ingestion on fetal rat heart
vitamin A: a model for FAS. Pediatr Res. 1995 Apr;37(4 Pt 1):418-23 Ethanol inhibition of retinoic
acid synthesis as a potential mechanism for FAS FASEB J. 1996 Jul;10(9):1050-7.]

 
 CB  comment:  Reminder about vitamin A interactions with alcohol abuse:
 
 This is a metabolic interaction of alcohol and vitamin A that occurs regardless of vitamin A
nutritional status. Inadequate or excessive vitamin A intake would clearly be potentially
contributory, of course. However, it is important to emphasize that simply providing more than
RDA levels of vitamin A in the retinol form will not correct the problem, and it could be
detrimental. The beta-carotene (the precursor to vitamin A retinol) is not a problem in this
regard because one controls the conversion of beta-carotene to retinol based on need.
 
 

 Antioxidant Nutrients and FAS:
 

 Normal metabolism produces waste products called by many names but commonly
called “free radicals.” Other terms are “singlet oxygen” and “reactive oxygen species (ROS).”
In 25-words-or-less [could I EVER say anything that briefly? ☺], free radicals can injure cell
membranes by stealing electrons from the surface.  This electron theft is called “oxidation.”
 An antioxidant prevents that damage and protects the cell membranes … sometimes by
donating an electron of its own so the free radical is “quenched.”

 
 In nature, many different antioxidants work together.  For example, inadequate vitamin

E can be compensated for by a generous selenium intake … and vice versa.  Similarly, after
vitamin E has donated an electron to quench a free radical, vitamin C can reactivate vitamin E
by giving it a brand new electron. Simplified, this means that when studying the effect of
inadequacy or supplementation of vitamin E, the vitamin C and selenium status of the subjects
could significantly affect the findings.

 
 As described earlier regarding research problems with sorting out the effects of the B

vitamins, this sort of complex interaction among many antioxidant substances makes it
difficult to identify the specific effect of a certain amount of just one particularantioxidant. To
correctly interpret the results, one would need to know about the status of other
antioxidant/pro-oxidant substances at the time of the evaluation. This can make it difficult to
carry out high quality research with clearly interpretable results.
 

 Free radical injury from failure to have adequate antioxidants available is called
“oxidative stress” and it is associated with a very wide range of problems such as
complications of diabetes, macular degeneration, and rancid butter.
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 As noted, free radical production is a NORMAL part of metabolism and free
radicals NORMALLY get handled by NORMAL amounts of antioxidants from foods and
supplements such as:
 

 1. Well known antioxidant vitamins like vitamins A, C, and E
 

 2. Less well-known vitamin-related substances like alpha-lipoic acid, CoQ-10
 (ubiquinone)

 
 3. Minerals such as selenium and zinc are used to produce important antioxidant

 enzymes like (respectively) “glutathione peroxidase” and “zinc-copper superoxide
dismutase.”

 
1. Some “phytochemicals” (“substances in plants”) such as the pigments called

“carotenoids” are very potent antioxidants. Examples include the orange-colored
pigment beta-carotene, red lycopene, green lutein, red/blue anthocyanin, and
yellow zeaxanthin. For example, lycopene in tomatoes is 200  times as potent as an
antioxidant the more familiar vitamin E. There are over 500 known carotenoids, so
we are only just beginning to mine these vegetable/fruit treasures.

5.  MANY other phytochemicals such as polyphenols, pycnogenol (from pine bark) and
resveratrol (in red wine and red grapes) are being found to have important
antioxidant (and other beneficial) activity. Research in this area is simply
exploding.

KEY ISSUE:  Any condition in which fuel (or other) metabolism is not proceeding in a
standard manner will result in more free radical production, so the person will
have an increased need for antioxidant protection. This is true for many health
conditions such as diabetes, inflammatory diseases, and alcohol abuse as well.
Obtaining a large percentage of calories from alcohol is not part of “normal”
operations.  This is another example of the usually adequate nutrient intake levels no
longer being sufficient to meet the needs of people who are not members of the group
called “the healthy population.”

Application to FAS in particular:

It appears that at least some of the fetal damage from alcohol
abuse is related to the excessive production of free radicals that

accompanies high alcohol use.

2005-2009
Early exposure to ethanol but not red wine at the same alcohol concentration induces behavioral
and brain neurotrophin alterations in young and adult mice. Neurotoxicol. 2009 Jan;30(1):59-71.
Black ginseng inhibits ethanol-induced teratogenesis in cultured mouse embryos through its effects
on antioxidant activity. Toxicol in Vitro. 2009 Feb;23(1):47-52.  Nrf2-mediated transcriptional
induction of antioxidant response in mouse embryos exposed to ethanol in vivo: implications for
the prevention of fetal alcohol spectrum disorders. Antioxi & Redox Signal. 2008 Dec;10(12): 2023-
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33. Novel molecular targets for the prevention of fetal alcohol syndrome.  Recent Patents on CNS
Drug Discov.  2007 Jan; 2(1):23-35. Effects of maternal administration of vitamins C and E on ethanol
neurobehavioral teratogenicity in the guinea pig. Alcohol. 2007 Dec;41(8):577-86. Review of
neurobehavioral effects of alcohol-related neuro-developmental disorder in an animal model.
Nihon Arukoru Yakubutsu Igakkai Zasshi. 2006 Feb; 41(1):15-22. Neurotoxic effects of alcohol and
acetaldehyde during embryonic development. J Toxicol  Environ Health Part A. 2005 Dec; 68(23-
24):2147-62. Antioxidant pretreatment does not ameliorate alcohol-induced Purkinje cell loss in
the developing rat cerebellum. Alcoholism: Clin Experi Res. 2005 Jul; 29(7):1223-9.Ascorbic acid
inhibits ROS production, NF-kappa B activation and prevents ethanol-induced growth retardation
and microencephaly. Neuropharmacol. 2005 Mar.;48(3):426-34.

1999-2005
Vitamin E protects against alcohol-induced cell loss and oxidative stress in the neonatal rat hippo-
campus. Internat J Developmental Neuroscie. 2004 Aug-Oct; 22(5-6):363-77. Protection from ethanol-
induced limb malformations by the superoxide dismutase/catalase mimetic, EUK-134. 2004
Aug:FASEB Journal. 18(11):1234-6.Protection of Xenopus laevis embryos against alcohol-induced
delayed gut maturation and growth retardation by peroxi-redoxin 5 and catalase. J Molec Biol. 2004
Jul 16. ;340(4):819-27. Catalase and peroxiredoxin 5 protect Xenopus embryos against alcohol-
induced ocular anomalies. Investig Ophthalmol & Visual Science. 2004 Jan;45(1):23-9. Ethanol-
induced reduction of neurotrophin secretion in neonatal rat cerebellar granule cells is mitigated by
vitamin E. Neurosci Let. 2004;Nov;370(1):51-4. Ethanol effects on neonatal rat cortex: comparative
analyses of neurotrophic factors, apoptosis-related proteins, and oxidative processes during
vulnerable and resistant periods. Brain Research. Developmental Brain Research. 2003 Nov;145(2):249-
62.Antioxidants and fetal protection against ethanol teratogenicity. I. Neurotoxicol Teratol. 2003 Jan-
Feb;25(1):1-9. Protective effect of folic acid against oxidative stress produced in 21-day postpartum
rats by maternal-ethanol chronic consumption during pregnancy and lactation period.  Free Radical
Research. 2001 Jan;34(1):1-8. Amelioration of ethanol-induced neurotoxicity in the neonatal rat central
nervous system by antioxidant therapy. Alcoholism: Clin Experi Research. 2000; 24(4):512-8. Ethanol, oxidative
stress, reactive aldehydes, and the fetus. 1999 Jun; Frontiers in Biosci. 4:D541-50. Vitamin E and beta-
carotene protect against ethanol combined with ischemia in an embryonic rat hippocampal culture model of
fetal alcohol syndrome. Neurosci Let. 263(2-3):189-92, 1999. The antioxidants vitamin E and beta-carotene
protect against ethanol-induced neurotoxicity in embryonic rat hippocampal cultures. Alcohol 1999; 17(2):163-8.

Zinc and Fetal Alcohol Syndrome:
The antioxidant function of zinc was described above. In addition to that role, there

are more than 200 zinc-dependent enzymes that will function poorly in the presence of
zinc deficiency. This includes decreased function of alcohol dehydrogenase, an enzyme
described earlier  as important for detoxifying alcohol and for producing retinoic acid
from retinol.

Zinc is of critical reproductive importance (e.g. DNA production), and it has specific
roles in immune functions. For example, the production of T-cells by the thymus gland is very
zinc-dependent.  The diet of alcohol abusers is often poor and lacking in zinc along with many
other nutrients. There also appear to be altered requirements for zinc, due to:

1) possible impaired absorption,
 
2) higher metabolic requirements, and
 
3) increased excretion of zinc.
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Zinc Adequacy in the General Population:

An “average” 1500 calorie diet provides about 40% of the (non-pregnancy) adult DRI
for zinc.  Many women regularly take in 1500-1600 kcals daily. Vegetarianism and trends
toward eating less meat (and especially red meat) decrease it further. High fiber diets include
phytates, which like tannins in tea and oxalates in leafy greens, decrease absorption of both
zinc and iron from plant and supplement sources.

The zinc content of foods and its absorbability correspond fairly well to the naturally
occurring iron content of food.   However, it is not generally added to foods that are fortified
with iron. We regularly check people’s iron status and iron deficiency is known to be a
common health problem. However, we rarely evaluate zinc intake or labs.

So here’s the question:

If people’s diets are often found to be low in iron (even in spite of iron
fortification of many foods), why would we assume that their zinc intake is
adequate?   (We do.)

------------------------------------------
There is continuing evidence that inadequacy of zinc has
the potential to exacerbate fetal damage associated with
alcohol abuse.

[Dietary zinc supplementation throughout pregnancy protects against fetal dysmorphology and improves
postnatal survival after prenatal ethanol exposure in mice. Alcohol Clin Exp Res. 2009 Apr;33(4):591-600.
Dietary zinc supplementation during pregnancy prevents spatial and object recognition memory
impairments caused by early prenatal ethanol exposure. Behav Brain Res. 2008 Jan
25;186(2):230-8. Syndromes, disorders and maternal risk factors associated with neural tube
defects (VI). Taiwan J Obstet Gynecol. 2008 Sep;47(3):267-75. Zinc supplementation does not
attenuate alcohol-induced cerebellar Purkinje cell loss during the brain growth spurt period. 2001
Apr; Alcoholism: Clinical & Experimental Research. 25(4):600-5. Effects of prenatal or postnatal
ethanol consumption on zinc intestinal absorption and excretion in rats. Alcohol & Alcoholism.
2007 Jan;42(1):3-10. Prenatal zinc treatment at the time of acute ethanol exposure limits spatial
memory impairments in mouse offspring. Pediat Res. 2006 Jan;59(1):66-71.Critically timed
ethanol exposure reduces GABAAR function on septal neurons developing in vivo but not in
vitro. Brain Res. 2004May; 1008(1):69-80. Human class IV alcohol dehydrogenase: kinetic
mechanism, functional roles and medical relevance. Chemico-Biolog Interact. 2003 Feb 1;143-
144:219-27. Kinetic mechanism of human class IV alcohol dehydrogenase functioning as retinol
dehydrogenase. J Biol Chem 2002 Jul; 277(28):25209-16.]

The initial discovery of this relationship is still fascinating:
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Interesting Observations:

Zinc deprived rats were noted in 1971 to “look like” rat pups with FAS.     The number
and severity of defects dramatically increased when the alcohol (ETOH) is administered to
zinc-deprived pregnant rats.

Both alcohol exposure and zinc deficiency result in fetal harm.  But there is a
synergistic teratogenic effect … the damage was much more severe when zinc deficiency
and alcohol exposure occurred together.  This is a very good illustration of the notion
introduced at the beginning of this paper that other environmental variables clearly have a role
in determining the developmental damage associated with fetal alcohol exposure.

Representative Rat Pups

   Zinc                  Zinc             Low Zinc              Low Zinc
No alcohol 15% Kcals         15% Kcals            20% Kcals
(control)            as alcohol     as alcohol           as alcohol

                      [Zinc nutrition in fetal alcohol syndrome. Pediatr Res. 1985 Sep;19(9):944-7.]

Remember that “at 30% of kcals as alcohol the intake of many
nutrients drops below 75% of the RDA” statement?  The serious fetal effects
shown above occurred at only 15-20% of calories from alcohol!

Clearly a diet that provides 75% or more of the RDA should not be our “comfort zone”
when discussing FAS. Even brief periods of inadequate zinc intake during critical periods can
cause birth defects, because of an inability to mobilize maternal zinc stores for use by the fetus.
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In 1989 a study of the hair zinc content at birth in FAS babies showed no difference
compared with controls. Did this prove that zinc status had no role in the development of fetal
alcohol syndrome? This is an example of the importance of asking the right questions at the
right time.  This issue should be evaluated before conception if possible, and in early
pregnancy at the latest.  Zinc status during the critical first two months of pregnancy (when
dysmorphic changes might occur) may not be reflected in zinc status of baby in later
pregnancy (when the pregnancy has been recognized and prenatal vitamin/mineral supplements
are often provided or the mother makes a greater effort to “eat right.”)

Protein and Zinc Interaction in FAS:

Protein synthesis is impaired by alcohol regardless of dietary protein intake.  Zinc is
also essential for protein synthesis. Alcohol clearance is decreased in individuals consuming
diets with inadequate protein content. Diets with inadequate protein content are also likely to
be inadequate in zinc and other nutrients.

Altered zinc metabolism contributes to the developmental toxicity of alcohol and also
of the seizure-control medication valproic acid and other drugs. The developmental toxicity of
certain compounds is, in part, due to maternal toxicity resulting in alterations in zinc (Zn)
metabolism that affects the developing baby. As noted earlier, this may include a relative
inadequacy of alcohol dehydrogenase, a key zinc-containing enzyme in the detoxification of
alcohol and many drugs and an important substance in production of retinoic acid. It appears
that the teratogenic effects of several chemicals can be modulated by dietary Zn intake.

Since the study with the rat pups shown above was published, a number of studies have
attempted to improve outcomes by supplementing zinc – in general, the results are mixed –
some factors seemed to be improved, and others did not.  This likely reflects the huge role of
zinc in many areas of metabolism … it is a cofactor for the function of over 200 enzymes in
the body.  It also reflects the influence of other factors (besides intake) that alter zinc
metabolism in the alcoholic state. There is no evidence that supplementing zinc at levels
above the usual recommended level is beneficial, and giving more than that amount in
supplement form may even be harmful.   

However, the notion of assuring RDA/DRI level adequacy of zinc is very
reasonable, since overt deficiency is clearly permissive of greater teratogenic effects from
alcohol exposure. The use of a standard multivitamin with minerals will usually provide this
amount (i.e. 12-15 mg) and it will not be excessive even if the mother eats a diet rich in zinc-
containing foods. The richest foods in zinc content and in zinc absorbability are meats, which
also provide excellent protein and absorbable iron. [Please see my handout on “Nutrition
Support of Iron Deficiency” for more details on the iron and zinc content and availability in
foods and supplements.]

Zinc deficiency acts as a co-teratogen with alcohol in fetal alcohol syndrome.
Neurotoxicology. 1990 Summer;11(2):375-80.
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Iron Deficiency and Fetal Alcohol Syndrome:

Iron deficiency may play a role in increased fetal damage from alcohol exposure for
several reasons beyond its well-known oxygen-carrying function.  As described earlier, the
Cytochrome P450 system is an iron-dependent system that can be thought of as a garbage
disposal.  It is responsible for breaking down many substances that would be harmful if they
built up in the body. It is a factor in the disposal of many medications and potential
environmental toxins like alcohol. Poor iron status can compromise the functioning of the
garbage disposal. As a result, an iron deficient person may fail to metabolize alcohol (and
other drugs) in a timely manner. That means that when the mother drinks alcohol, both she
and her baby are exposed to alcohol longer than usual, which may increase its teratogenic
effects.

The reverse may also be true. Fetal alcohol exposure produces some defects that
parallel the abnormalities associated with early iron deficiency. Researchers looked at amounts
of iron, transferrin and ferritin in three CNS regions in rats (cerebral cortex, subcortical
forebrain and brainstem). The pattern of brain iron distribution was delayed by alcohol
exposure by up to 2 weeks. Alcohol-induced alterations in iron homeostasis persisted into
adulthood.  The net result: timely delivery and bioavailability of iron was compromised by
alcohol exposure.  The defects in iron regulation are permanent and may underlie
alcohol- induced abnormalities in iron dependent growth processes such as myelination.

Iron regulation in the developing rat brain: effect of in utero ethanol exposure.
J Neurochem. 1995 Jul;65(1):373-80.

CB question:

Mother rats in this study received normal dietary iron.  What if maternal initial iron
status were poor and/or the diet were inadequate in iron as well?

Could that ever happen? In any case, assuring adequacy (instead of assuming it) has the
potential to benefit both mother and baby.

---------------------------------------------------------------------------------------------------------

So what can we do to provide some protection to the fetus
being exposed to alcohol.

Improving the regular diet of chronic alcohol users can of course be very useful if it can
be achieved.  In particular, encouraging intake of brightly colored fruits and vegetables is very
safe and it provides terrific antioxidants and key nutrients.  However, I would be VERY
surprised if women who abuse alcohol had not already heard somewhere that fruits and
vegetables are “good for you.”  Many may even already be eating lots of fruits and vegetables.
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Others (like everybody else) may not ordinarily eat them for reasons of flavor, cost,
time or whatever. Increasing intake in this situation is most likely to occur if one could
help her identify some specific key foods that she enjoys that are rich in antioxidants.
These might include things not always thought of as key providers of antioxidants, like tomato
sauce, canned peaches, red grape juice, etc.  Many generous-antioxidant foods like these are
now being provided through the WIC Program. Other foods like ketchup are surprisingly good
sources of lycopene.  If money is not the problem, the grab-and-go fruits and vegies now in
many grocery stores can be very helpful.

A standard prenatal multivitamin/mineral supplement should be encouraged (for
many reasons) as well as more generous vitamins C and E. Remember that her need for
antioxidants is much higher than usual, so higher than RDA/DRI intake levels would be a good
idea. This concept has been studied much more in other oxidative stress-inducing conditions
such as diabetes with good results.  Antioxidant adequacy has been shown to help to decrease
the incidence of birth defects in infants of mothers with diabetes.  This situation (FAS) is quite
comparable in terms of oxidative stress, but less studied.

Most multivitamin/mineral supplements have RDA/DRI levels of zinc and iron, but
iodine, vitamin K and selenium levels are quite variable between brands.  All three have
great importance in pregnancy.  For example, fetal alcohol syndrome is the number one cause
of preventable mental retardation in the US.  Iodine deficiency syndrome is the number one
cause of preventable mental retardation in the WORLD.

New concerns have recently been raised about IODINE inadequacy during
pregnancy, even in the US and other areas where salt has been iodized to provide iodine.
This has prompted the World Heath Organization (WHO) to increase the recommendations for
iodine during pregnancy from 200 to 250 microg/d and suggested that a median urinary iodine
(UI) concentration of 150-249 microg/L indicates adequate iodine intake in pregnant women.
Many multivitamins, including prenatal vitamins, contain little or now iodine. Clearly a
combination of alcohol exposure plus relative iodine deficiency does not bode well for the
developing fetus.

[Please see my “New Attention to an Old Problem: Iodine Deficiency in Pregnancy and Lactation,” “Top
Five Easy Ways to Improve Your Family’s Nutrition” and “Top Ten Nutrition Plan for Optimizing Pregnancy
Outcome” for more on these and related issues.]

[Iodine deficiency in pregnancy and the effects of maternal iodine supplementation on the
offspring: a review.  Am J Clin Nutr. 2009 Feb;89(2):668S-72S. Iodine levels and thyroid
hormones in healthy pregnant women and birth weight of their offspring. Eur J Endocrinol. 2009
Mar;160(3):423 Iodine Content of prenatal multivitamins in the United States. NEJM.
2009;360:939-940. Iodine status of the U.S. population, National Health and Nutrition
Examination Survey 2003-2004. Thyroid. 2008 Nov;18(11):1207-14.]

 Some products are missing a lot of minerals. SELENIUM is one that is highly variable
so check the label. The usual recommendation is a daily intake of 60-70 mcg/day.  The
advisable upper limit is 600 mcg/day, so providing RDA-ish levels is safe and a very good idea
in view of its key role as an  antioxidant component and the increased requirements for
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antioxidant protection in fetal alcohol exposure. If a person’s multivitamin with minerals
contains inadequate selenium, 50 mcg supplements are available over the counter.

A new “likely-to-be-inadequate-but-out-of-our-radar” vitamin is VITAMIN K.

1. We are much more dependent on an outside source of vitamin K than was earlier believed.
2. Many people in the US are now being found to be vitamin K deficient when we check …

but it is rarely checked because it has traditionally been assumed to be made in adequate
amounts by intestinal bacteria.

3. It is often left out of multivitamin pills (check the label) – it is even omitted as an important
nutrient to consider in the 2,000 kcal suggested meal pattern in the new Food Guide Pyramid.

4. Inadequacy of vitamin K increases risk of several problems in pregnancy, including
toxemia.

5. Dark leafy greens are the richest food sources, and many folks eat very little of these foods
… which of course also includes people who abuse alcohol.

The AI for vitamin K for pregnant women is 90 mcg/day but some groups are now
being found to have needs higher than AI recommended levels. It would not surprise me to
find that women who abuse alcohol are among those with different requirements. In spite of a
common belief that vitamin K is potentially toxic because it is fat soluble, it is now very clear
that vitamin K is extremely NOT toxic.  In fact, there is no upper limit of safety
established for vitamin K because no one has ever gotten into trouble from taking too
much. [The  business with certain anticoagulant drugs is a drug/nutrient interaction issue, and
unrelated to the safety of the vitamin in people not using this kind of medication.]

Food and Nutrition Board, Institute of Medicine. Vitamin K. Dietary
Reference Intakes for Vitamin A, Vitamin K, Arsenic, Boron, Chromium,
Copper, Iodine, Iron, Manganese, Molybdenum, Nickel, Silicon, Vanadium,
and Zinc. Washington D.C.: National Academy Press; 2001:162-196.

[See my “Top Five Easy Ways to Improve Your Family’s Nutrition” and “Vitamin K” handouts for more on
these and related issues.]

------------------------------------------------------------------

It is reasonable to identify several brands of multivitamins with minerals that are
satisfactory and generally low in cost, with some attention to the problems above regarding
iodine, selenium and vitamin K.  However, instead of just advising her to buy and take a
multivitamin, physically providing the appropriate supplement(s) is far more likely to
achieve the goal of trying to protect that baby.  Some places do this, but most do not.

Developing a program that provides this link in the chain would be very cost effective
in protecting against fetal damage of many types … even for women who do not use alcohol!
This calls for a big paradigm shift from the “just eat right” advice we are more comfortable
with. [See my “Top Ten Nutrition Recommendations for Pregnancy” for more on these issues.]
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Additionally, many insurance programs do not cover nutrition supplements because
they are “over the counter.” For people on a tight budget, this alone can be a deal-breaker. If
the mother is also addicted to drugs/nicotine/ alcohol etc., the likelihood of her limited funds
being saved to buy vitamin pills seems to be unrealistic.

To keep your eye on the prize … that is, to help protect that baby … the most
likely way to achieve success is to both physically provide the vitamin/mineral, and to
explain that taking it as directed may help protect the baby from some of the effects of
her drinking. Of course we do not give her the impression that it will make it OK to drink …
we should continue to make it plain that stopping alcohol consumption is the absolutely best
thing she can do.  But I have found that most women with an alcohol or other drug problem
would very much prefer not to be addicted.  Most of the women are also very worried about
their baby’s health, even as they continue to abuse alcohol or drugs. I have found that many
of these women are actually quite willing to take their vitamins (even when they have
been unable to stop drinking) when strongly encouraged, the benefits to the baby are
explained and they are also provided with the bottle of vitamins.

Will she take it?

Isn’t this just a big waste of time? Many will take supplements (especially if the
supplements are provided and the women are educated about the reasons for their use.)  Some
won’t.  Should we decide not to try with any of the women because some will not follow
through? Don’t pre-judge that she “does not care about her baby” just because she is addicted
to alcohol . . . many would like to quit drinking but just can’t.

One health professional actually told me at a conference that if we gave them
multivitamins, the women would “just sell the vitamins on the black market.” (Hmmm … what
IS the street value of generic multivitamin pills these days, especially when many other people
will be receiving them for free as well?)  I think this exposes an unfortunate tendency to be
more ready to judge her rather than to help her. Remember to “Keep your eye on the prize:”
the healthiest baby possible in spite of a suboptimal pregnancy situation. In addition to
the baby’s health, there are also potential for many positive benefits in terms of the
mother’s health and health care costs.

Beyond the multivitamin-with-minerals and encouraging
consumption of nutritious foods in place of the alcohol:

What might be helpful and won’t be harmful?

Consider additional:

Vitamin E  (e.g. 400 iu)
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Vitamin C (e.g. 250-500 mg)

Selenium (e.g. add a 50 mcg tablet if her multivitamin has less than 30 mcg.)

Magnesium (e.g. RDA-ish levels of 250 mg as magnesium oxide or chloride.)
Magnesium deficiency has not been studied as a particular interactive factor in
FAS, but it IS recognized as suboptimally represented in the diets of the
majority of even healthy Americans. Most multivitamins have only 10-25% of
the recommended amount, so a person with poor diet (as is common in people
wit alcohol problems) would likely not have her needs met by the amount in the
multivitamin.  Inadequacy during pregnancy has serious consequences for
pregnancy outcome in general.

Iodine  Help her make sure that the salt she uses at home is the iodized kind, and check
the iodine cotent of her multivitamin with minerals. The new WHO
recommendation for iodine intake in pregnancy is 250 mcg/d

Thiamin (at least 15 mg)

Folic acid (100-800 mcg extra) Generous B vitamin supplementation in general as
a “B-Complex” is a good idea, but the folic acid content of those remains at
400 mcg, and the level of thiamine suggested is higher than would be
provided by most B-complex products.

Choline  Check that diet and food provide AT LEAST 450 mg (the recommended
amount for a healthy pregnancy.) I would be inclined to double it in an alcohol-
abuse situation, based on knowing that that intake is not at all harmful and she
certainly could need more. Whether or not an additional supplement form is
needed depends on things like how much is in the multivitamin and her egg
yolk intake, as described earlier.

Vitamin D (1000-2000/day). There are many reasons why alcohol abusers are at
risk of being overtly deficient in vitamin D, and the DRA/RDA level of 400 iu
is insufficient even for maintenance in a large proportion of the general
population.  (This is especially true if you happen to live in North Dakota!)
Ideally, one should check her vitamin D level because deficiency in pregnancy
is itself looking like it has some serious damaging effects.  If she is low the
doctor will want to give her a much higher therapeutic dose rather than a
maintenance dose.

Vitamin K (at least 100 mcg/day)

 [See my “Top Five Easy Ways to Improve Your Family’s Nutrition” and “Top
Ten Nutrition Plan for Optimizing Pregnancy Outcome” and “Vitamin K” for
more on these and related issues.]
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Identifying Whom to “Treat”

Except for the really generous thiamin, the recommendations described are not
unsuitable for women in general. For example, the same interventions apply to optimize
pregnancy outcome if she has diabetes. Or even if she has no medical problems. But when you
want to indentify those who are specifically at risk of ETOH abuse . . .

Final thoughts:   

In view of the vagaries of “detection” (at what stage of pregnancy or pre-pregnancy is
she “screened,” the large variability in the likelihood of detection by current methods, the
effectiveness of interventions that rely on detecting alcohol abuse in women already several
months pregnant, etc.) it makes more sense to focus nutrition interventions as if all women
were potentially at risk of these common nutritional inadequacies … not just those
identified as alcohol abusers;  both the Risk : Benefit ratio and Cost : Benefit ratios are
clearly in that direction.

Also, it has often been said that alcohol abusers are rarely only using alcohol.  Many
are “polypharmacy” users/abusers, so there is the potential for other drug effects (nicotine,
caffeine, cocaine, inhalants, etc.) whenever the population being studied is human.  This can
complicate interpretation of the data obtained about the effects of nutrition on fetal alcohol
syndrome specifically. There is a lot more to learn, but the suggestions presented here have
resonance with other abuse other substances as well.

The papers referred to in this handout (and others) can be found at no cost at
www.meritcare.com

Top Five Easy Ways to Improve Your Family's Nutrition

Pregnancy

Iron Deficiency

Antioxidant Phytochemicals: Ideas for adding them to the diet

Vitamin K  -- New issues in cardiovascular health, osteoporosis, pre-eclampsia and
              cancer of the liver and colon.

Just type Cathy Breedon in the search box in the upper right.
Click the item that pops up that says:   “Handouts from Cathy Breedon
                                                                   …for Cathy Breedon's workshop topics.…”



Sanford Medical Center 
 

 
Aunt Cathy's Guide To:  
Folic Acid Absorption   

 
(not scientifically correct) 

 Aunt Cathy 
 
Cathy Breedon PhD, RD, CSP, FADA 
Clinical/Metabolic Nutrition Specialist 
Sanford Medical Center and 
UND School of Medicine, Fargo, ND

 
 

   

Odds and Ends: 
 

Genetic factors: People with the MTHFR gene benefit from the “kite only”   
form.  Found in some people Irish heritage and others as well. 
 
Inadequate folic acid increases the incidence of many birth defects and also 
stroke, depression and some cancers. It results in an elevated homocysteine 
level. Correcting deficiency reduces these risks 
 
Chronic use of alcohol or certain medications affects absorption or interacts 
with folic acid: antibiotics, some seizure medications and antidepressants 
 
Certain medical conditions affect absorption of or requirements: celiac 
disease, cystic fibrosis, inflammatory bowel disease , bacterial overgrowth, 
short bowel etc.  
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MeritCare Medical Center

Aunt Cathy’s Guide to

Nutrition Support of
Hemochromatosis Therapy
For Patients, Their Families, and
Their Health Care Providers:
My Specific “Best Guess” Suggestions –
(Subject to Change at Any Moment! ☺)

                       7/2009

Cathy Breedon PhD, RD, CSP,FADA
Clinical Nutrition Specialist
MeritCare Health Systems and
  UND School of Medicine Dept. of Pediatric

People with hemochromatosis have too much iron stored in the liver
and other body organs. Sometimes this is caused by a genetic problem in regulating
how much iron is absorbed from foods.  In other people, it can be due to a need for
frequent blood transfusions. Regardless of the cause, excessive iron causes serious
damage that leads to cirrhosis of the liver, liver cancer, heart damage, and other
problems. [Hemochromatosis--from an underdiagnosed curiosity to a common disease. Tidsskr Nor Laegeforen.
2009 Apr 30;129(9):863-6. Hereditary haemochromatosis.Best Pract Res Clin Gastroenterol. 2009;23(2):171-83]

The primary treatment to remove excess iron is the removal of red blood cells
(erythrocytes) because they contain an iron-rich substance called hemoglobin that carries
oxygen to the tissues. The removal of red blood cells is called “phlebotomy,” the same
process that is used when donating blood. There are some medications that your doctor
may use as well to help remove excessive iron.

In the past, removing iron from the diet was the primary treatment to minimize damage
from hemochromatosis, but that approach (besides being quite difficult) does not have the
advantage of removing excess iron that has already been deposited in the body.

However, nutrition still plays an important role in hemochromatosis because it can:

1. Support the phlebotomy therapy by optimizing production of red blood cells to
improve the effectiveness of phlebotomy treatments and to allow for more frequent
treatments as needed.

2. Decrease the anemia and fatigue that are common problems related to regular
phlebotomy treatments.

3. Decrease some of the damage to organs from having too much iron.

4. Prevent serious nutritional deficiencies that can result from regular phlebotomy
and/or attempts to decrease dietary iron absorption.



7

The following suggestions are not the official recommendations of any medical
group, but they are simply a collection of things that I would do today if a family
member had hemochromatosis. They will likely help and they will do no harm beyond
the added cost of the supplements. Most of the supplements described can be obtained
inexpensively in warehouse or discount stores. These nutrition suggestions are to be used
in addition to phlebotomy or other treatments ordered by the physician, and they are not
intended to be used instead of phlebotomy.  The specific recommendations may change
as more is learned about hemochromatosis. As always, discuss any diet plan and
supplement use with your physician, including any herbal products that you may be
taking.

Sometimes the general suggestions given here for helping to manage hemochromatosis
need to be modified if a person has other issues that interact with nutrition, such as the
use of certain medications, or if one already has serious liver disease. Additionally, some
herbal products are particularly risky for people with any condition that injures the liver –
some examples of herbs to avoid for this reason are kavakava, chaparrel and comfrey.

[Review of abnormal laboratory test results and toxic effects due to use of herbal medicines. Am J Clin Pathol.
2003;120(1):127-37.]

------------------------------------------------------------------------------------------------------------

1. Starting point: Take a daily multivitamin/multimineral
supplement with no iron.
Several products are iron-free, such as: "One a Day 55-plus," "Certa-Vite Golden," and
“Centum Silver.”  There are many appropriate and inexpensive products. Besides "no
iron", the minerals that should be included in the product are zinc and copper at the RDA
levels, and magnesium at least at about 25% of the RDA. More information on zinc
issues is found on pages 6-7.

2.   Extra nutrients specifically to help make hemoglobin and red
blood cells to support phlebotomy:
A. Extra Folic Acid:  1 to 4 tiny folic acid 400 mcg (microgram) tablets. These are

cheap, very easy to take and very safe.

B. Extra Vitamin B12 and Vitamin B6:  Take one "B-100 Complex" tablet daily.
It provides very generous amounts of these nutrients and other important vitamins,
and all are well within the safe range. This is true even though RDA levels of these
vitamins are also present in the multivitamin.

Meats are among the best sources of vitamin B6 but they are also high in iron. If
people are avoiding meats (as some folks with hemochromatosis do … more on that
later) it is a very good idea to assure a generous intake of this vitamin from a
supplement.  (Note -- extra vitamin B2 -- riboflavin -- will make urine a very bright
yellow.  No problem.)
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Vitamin B12 in food sources can be poorly absorbed because of decreased
stomach acid production due to aging or because of the use of acid-blocking
medications. Proton pump inhibitors are medications that suppress acid production in
the stomach, and they have been shown to decrease absorption of inorganic iron for
that reason. This effect has been employed in the management of hemochromatosis.
However, people who usethis kind of medication must be sure to take vitamin B12 in
a supplement form, because the absence of stomach acid impairs absorption of
vitamin B12 from food sources.  The amount described earlier is fine … the issue is
that it must be in the crystalline form found in vitamin supplements, and one cannot
rely on the vitamin B12 naturally presen tin animal foods. Inadequate vitamin B12
will limit production of red blood cells, so this is particularly important.

[Effect of proton pump inhibitors on vitamins and iron. Am J Gastroenterol. 2009 Mar;104(2 Suppl):S5-9. Proton pump
inhibitors suppress absorption of dietary non-haem iron in hereditary haemochromatosis. Gut. 2007 Mar 7.]

Another possible but less common cause of vitamin B12 deficiency to be aware of is
called “pernicious anemia.” This genetic condition is not corrected by the usual oral
supplements because it impairs absorption of all forms of vitamin B12. It makes it
necessary to provide vitamin B12 by another route, such as by an injection or with
newer approaches like nasal sprays and sublingual (under-the-tongue) tablets.

Pernicious anemia has been reported in a patient with hemochromatosis although it is
not clear that there is actually a greater risk in the hemochromatosis population.
However, the incidence of hemochromatosis is only now recognized as being much
higher than previously believed. Many people with hemochromatosis have gone
undiagnosed so any increased risk associated with it would not have been carefully
evaluated.  I mention it here because an increased risk of pernicious anemia has been
found among people with certain other metabolic conditions like Type 1 diabetes and
celiac disease.  Unrecognized pernicious anemia is very serious health problem but it
is easy to correct if it is recognized.

[Association of familial pernicious anaemia and hereditary haemochromatosis. Acta Haematol. 2008;119(1):12-4.
 Association of hereditary hemochromatosis and pernicious anaemia Rev Med Interne. 2004 Oct;25(10):759-61.]

C. Copper is involved in transporting iron in the body. The RDA amount of copper in your
multivitamin should be adequate to move iron from the storage areas to the hemoglobin
factories. Just check the label to be sure that it DOES contain about 2 mg.

D. Get adequate protein. (More on this later.) The “globin” part of hemoglobin is
made of protein, as are a number of substances (like “transferrin”) needed to move
iron from the storage area to the bone marrow where the red blood cells are made.
Protein is also central to the operations of everything in your body, so inadequacy is
never a good idea.  Most Americans eat a very generous amount of protein, but
whenever one tries to follow a diet with a lot of exclusions, it is a good idea to check
the appropriateness of protein in the diet.

E. Get adequate (appropriate) calories. Without adequate calories, the protein
you eat will be burned as fuel to make energy instead of being used to make the
important protein substances described above. It’s like living in North Dakota in the
winter and running out of fuel . . . we start burning the furniture!
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2. Generous antioxidants to decrease tissue damage from having
extra iron on board:
One way that excessive iron causes serious injury is by a process called oxidation, the
same process that causes metal tools to rust, and cooking oil to turn rancid. To prevent or
minimize this kind of damage, the body has a need for substances that act as
“antioxidants.” When people have a condition that causes increased oxidation, more
antioxidant protection than usual is needed. This is true for hemochromatosis, but also for
many other health conditions like diabetes, arthritis and MS. Additionally, infants who
are born with iron overload (“neonatal hemochromatosis”) have demonstrated benefit
from including antioxidant therapy in their treatment plan.

[Neonatal hemochromatosis: a case report. Adv Neonatal Care. 2009 Apr;9(2):72-6. Neonatal hemochromatosis: long-term
experience with favorable outcome. Pediatrics 2006 Nov;118(5):2060-5. Antioxidant therapy in chronic liver diseases, Orv
Hetil. 2006 June; 147(24):1113-8.  Prdiction of progression to cirrhosisby a glutathione S-transferase P1 polymorphism in
subjects with hereditary hemochromatosis. Arch Intern Med. 2005 Sept;165(16):1835-40. Progress in treatment and outcome for
children with neonatal haemochromatosis. Arch Dis Child Fetal Neonatal Ed. 2003 Mar;88(2):F124-7. Superficial siderosis of
the central nervous system: pathogenetic heterogeneity and therapeutic approaches. Acta Neurol Scand. 2003 Jan;107(1):54-61.
Iron toxicity and chelation therapy. Int J Hematol. 2002 Oct;76(3):219-28.]

Here are some suggestions for optimizing antioxidant defenses:

A. Vitamin E:  Take a 400 iu capsule of this important antioxidant also called “alpha-
tocopherol.”  The “RDA” is 30 iu, but the RDA levels are designed to meet the needs
of “98% of the healthy population,”  This kind of general recommendation often does
not apply when one is dealing with chronic health problems.  The “natural” vitamin E
products are usually more expensive than synthetic forms. The natural form of alpha-
tocopherol will have the letter “d” in front of the name.  Forms labeled  “dl” are
synthetic, and they have about ½ the strength of the d-alpha tocopherol. It appears,
however, that there may also be advantages to using products that contain a natural
source of “mixed tocopherols” instead of just d-alpha-tocopherol alone. These include
substances like “gamma-tocopherol.”  Vitamin E supplementation at high doses can
interact with statin drugs, so as always, check with your doctor if you are taking these
medications.

[The dose-dependent effects of chronic iron overload on the production of oxygen free radicals and vitamin E
concentrations in the liver of a murine model. Biol Res Nurs. 2007 Apr;8(4):300-4. Anti-inflammatory properties of alpha-
and gamma-tocopherol. Mol Aspects Med. 2007;28(5-6):668-91. Effects of alpha-tocopherol and mixed tocopherol
supplementation on markers of oxidative stress and inflammation in type 2 diabetes. Clin Chem. 207 Mar;53(3):511-9.]

There are supplements that provide “the mixed” form, and good food sources of
mixed tocopherols are nuts, peanuts and the germ of grains.  These food sources also
contain generous magnesium and chromium, which is very beneficial.  They contain
some inorganic iron as well, but it is not absorbed efficiently enough to discourage
eating these nutrient-rich foods. More on iron absorption later.

B. Selenium (part of a critically important antioxidant made in the body called
“glutathione peroxidase”): Aim for 100-200 mcg/day. If your multivitamin has about
the RDA level of 60 mcg (mcg is the abbreviation for micrograms), take a small 50
mcg tablet in addition.  If your supplement has only a little (e.g. some products have
none or only about 20 mcg), take two of the 50 mcg tablets.  Some products already
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have as much as 200 micrograms – in that case no additional selenium is needed.
Selenium is potentially toxic: the recommended upper limit is 600 mcg/day, and the
toxic dose is a chronic intake of 800 mcg/day. As you can see, the amount
recommended here is not anywhere near the toxic level.

There is evidence that adequacy of selenium and vitamin E may work together to
protect against some iron-overload-related heart muscle damage.
[The synergistic effects of vitamin E and selenium in iron-overloaded mouse hearts. Can J Cardiol. 1998 Jul;14(7):937-41

Some areas have high amounts of selenium in the soil so people who eat plants or
animals grown on that soil may actually be getting too much selenium.  A good
way to find out if your area is high in selenium is to ask the local county Agricultural
Extension Service staff. Someone there will know whether a region has low selenium
because farmers there have to add selenium to animal feed.

C. Eat lots of brightly colored fruits and vegetables.  Many of the pigments that give
plants their colors are also very potent antioxidants. These substances are some-times
called “phytochemicals” – which just means “plant chemicals.” Examples that are
being studied extensively now are lycopene in tomatoes, lutein in dark leafy greens,
anthocyanins in blueberries and beets, and many others. Even seemingly colorless
fruits and vegetables (such as onions, garlic and mushrooms) contain important
antioxidants … white and brown are also colors!

Plant pigments provide terrific antioxidant protection.  For example, the antioxidant
activity of lycopene in tomatoes is about 200 times that of vitamin E. Eating lots of
fruits and vegetables has many other important health benefits. Interestingly, the iron
that is found in leafy greens and many other plants is very poorly absorbed, so enjoy
your spinach! (Factors affecting iron absorption will be discussed more later.)

D. Vitamin C issues:  Any acid substance like vinegar or vitamin C can enhance iron
absorption from sources of inorganic iron (the form of iron in pills or plants.)   That
effect is a much less important as a source of iron than the highly absorbable and
generous iron found in meat (especially red meat). In spite of this, people with
hemochromatosis are often erroneously advised to stop taking all vitamin pills that
contain vitamin C, and to avoid fruits and vegetables that contain it.

One person’s story:  One man that I saw was so conscientious about following this
advice (given to him elsewhere) that he had developed actual evidence of scurvy, the
vitamin C deficiency disease! He was also deficient in many other nutrients because
of his efforts to avoid vitamin C, and inadequacy of those nutrients made it
impossible for him to make red blood cells. That meant that his phlebotomy
treatments to remove extra iron had to be put on hold.  His anemia (lack of red blood
cells) also made him feel extremely weak and fatigued. His situation prompted me to
write this paper.

In addition to the absorption of inorganic iron issue, there has been concern that high
doses of vitamin C may become a “pro-oxidant” (the opposite of the usual antioxidant
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role) in situations in which iron stores are excessive or in conditions like alcoholism.
This has not been identified as a problem by subsequent research. Your multivitamin
should contain about 100 mg of vitamin C, and it is very likely safe to take an 100 –
200 mg of vitamin C in addition in supplement form. Some will also be provided by
the fruits and vegetables and you are strongly encouraged to continue to eat them. If
you take extra vitamin C as a supplement, take it with milk or cheese to minimize or
negate any increase in absorption of iron from plants or pills (that is, inorganic iron.)

5.  Foods to eat MORE of because they can decrease absorption
     of (inorganic) iron:

A. Dairy foods are notoriously poor sources of iron that also decrease absorption of the
iron in plants and pills taken at the same time. Drinking milk daily will also help to
provide some of the vitamin D you need. A multivitamin provides 400 iu of vitamin D,
and there is 100 iu of vitamin D in an 8-oz cup of fortified milk.) This is a reasonable
amount for some people, although people in the northern latitudes have been
shown to need 1000-2000 iu. to assure adequacy because of the diminished ability
to make vitamin D in the skin at high latitudes. The higher risk of vitamin D
deficiency is also associated dark skin, old skin, being indoors much of the time,
sunscreen use, being covered up, or using seizure-control medications.

Vitamin D deficiency is now regarded as “an unrecognized epidemic” in the
northern half of the USA and certainly in Canada. It is a big contributor to a
wide variety of health problems. [See my Top Five Recommendations handout for
more detail on this.] Other dairy foods like cheese and yogurt are often NOT
supplemented with vitamin D, but they do help reduce iron absorption as milk does.
If you are not fond of milk you can use these foods and you can easily add extra
vitamin D as separate 400-2000 iu capsules to solve the important vitamin D problem.

       New information about checking for vitamin D deficiency:

For everyone (and especially those with serious metabolism issues like
hemochromatosis) it is a good idea to have a serum vitamin D level measured at
least once in the winter every year.  This is because the doctor will want to see
whether a “maintenance” intake level is enough (1000-2000) or if the individual
actually is vitamin D deficient and in need of a “therapeutic” or treatment amount to
correct inadequacy before switching to the maintenance amount. This may be done
several ways, but as an example, it may require 50,000 iu/week for 8 weeks.

As noted earlier, actual vitamin D deficiency is much more common than previously
thought and it is very common in people with liver damage of the type associated
with hemochromatosis.  And although deficiency is very harmful it is also generally
invisible except when we look for it with a blood test. The test is called a “25-
hydroxycholecalciferol” level. [Vitamin D and parathyroid hormone in outpatients with noncholestatic
chronic liver disease. Clin Gastroenterol Hepatol. 2007 Apr;5(4):513-20]
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Back to the discussion of dairy foods:

Milk actually decreases absorption of iron, and each cup provides a nice 8 grams
of protein. (Remember that ice cream, and most yogurt and cheeses do not have
vitamin D added at this time.)  Some types of yogurt have vitamin D added and others
do not.  Other than the ice cream, these foods do provide good protein, so milk,
yogurt and cheese are good replacements for meat in meals.  For example, have a
cheese sandwich instead of a meat sandwich. An ounce of meat has 7 grams of
protein but lots of easily absorbable iron. Cheese has the same amount of protein, and
a cup of yogurt or milk has 8 grams of protein, but much less iron, and as noted
above, in addition it interferes with iron absorption from other foods. Low fat or skim
milk products are usually best for other reasons.

B. Tea contains “tannins,” plant substances that bind (inorganic) iron in the
intestinal tract very well and significantly reduces its absorbability.  This has
been shown to be effective in hemochromatosis specifically (see the excerpt below.)
Tea is looking good for a lot of other reasons as well (e.g. anti-cancer qualities,
antioxidant properties,) in addition to having the marked effect of decreasing
absorption of plant iron.

Clinical trial on the effect of regular tea drinking on iron accumulation in genetic
haemochromatosis. Gut. 1998;43(5):699-704.  “A significant reduction in iron absorption was
observed when the test meal was accompanied by drinks of tea instead of water. In the tea drinking
group, the increase in storage iron was reduced by about one third compared with that of the control
group. Conclusions: Regular tea drinking with meals reduces the frequency of phlebotomies
required in the management of patients with haemochromatosis.”

C. Leafy greens. Many foods like spinach contain “oxalates” that bind up iron in the
intestinal tract and make it too big a molecule to be absorbed well. This is true even
though the iron and vitamin C content are generous! These foods also contribute
many terrific nutrients as well.  Interestingly, broccoli is low in oxalate, so the iron
and other minerals like calcium are pretty well absorbed from this vegetable.  So,
although broccoli is a leafy and green vegetable, and a very nutritious food, it does
not decrease absorption of iron.

D. Bran (the fibrous outer part of grain) contains “phytates” which impair iron
absorption as tannins and oxalates do.

E. Eggs  Interestingly, although egg yolk used to be fed to infants as an iron source,
the form of iron in eggs has been found to be very poorly absorbed.  Eggs are an
excellent source of protein (the protein in an egg is like 1 oz of meat) and other
nutrients as well such as choline. Further, the egg white has most of the protein (6 of
the 7 grams) and essentially none of the iron at all. So, substituting egg dishes for
meats is another way to decrease the amount of iron available to absorb.
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5.  Things to eat LESS of (not necessarily to "never" eat):

A. Meats of all kinds contain iron in an especially absorbable form called “heme”
iron.  This is also sometimes called “organic iron.” (Think of organic iron as coming
from “organisms” – animals and not plants.  Absorption of organic iron is not
affected by the presence or absence of vitamin C or acid the way plant iron is. That
means that severely restricting vitamin C is not at all effective in reducing absorption
of the greatest sources of iron in foods, and as described earlier, it can cause harm.

Iron in the “organic” (animal) form is about 20% absorbed. Twenty percent
absorption does not sound very high, but “inorganic iron” (the kind in supplements or
plants) is less than 2% absorbed.  Some plant forms of iron, in foods like spinach that
contain oxalates, are only 0.025% absorbed!

In addition to being a generous source of absorbable iron, meat also has a special
property of causing increased absorption of iron from the inorganic iron sources!
In other words, the iron found in chili beans will be much more easily absorbed if
there is meat in the chili.  This effect is called “Meat Protein Factor.”

Of all the food-related factors that affect iron absorption, limiting meat intake is
one of the most influential, but even that appears to be less of an issue if a person
is able to undergo phlebotomy regularly.  And, as described earlier, maintaining a
generous intake of all the OTHER nutrients needed to make red blood cells is key to
being able to continue to have the phlebotomy treatments.

B. Of the different types of meat, liver is extremely high in very absorbable iron,
so it would be best to avoid it.  This includes foods made from liver like paté, or
liverwurst. Scandinavian/German “blood sausage” would also be a poor choice.

C. Red vs white meat:  Next to liver, red meat is the highest in absorbable iron, but
unless phlebotomy is not working, complete avoidance of red meat does not appear to
be necessary.  Poultry and fish have much less iron than red meat, but what they have
is still more than in plant foods, and like the iron in red meat, the iron is also well
absorbed.  Additionally, the white meat of chicken and turkey has less iron than dark
meat. The iron content can be thought of as somewhat “color-coded” in meats.
However, all meats have the ability to increase absorption of iron from OTHER foods
in the meal as described above (the “Meat Protein Factor”)

D. Alcohol should generally be avoided. Iron overload is a cause of serious liver
injury, and alcohol can make the damage worse.

[Alcohol Clin Exp Res. 2007 Jan;31(1):138-43. Effects of alcohol consumption on iron metabolism in mice with
hemochromatosis mutations. J Nutr Sci Vitaminol (Tokyo). 2004 Apr;50(2):78-86. Low dose-ethanol modulates toxic effect of
iron-overloading in the liver.]
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E. Raw seafood: As with people who abuse alcohol, people with hemochromatosis or
anyone with potential liver damage from any cause should be especially careful to
avoid raw seafood like raw oysters and sushi.  It often contains micro-organisms of
the “Vibrio” family that cause cholera and other serious diseases.  It is extremely
dangerous to anyone with liver problems, even in amounts that would be considered
safe for other people.
[Necrotizing fasciitis from Vibrio vulnificus in a patient with undiagnosed hepatitis and cirrhosis. J Clin Microbiol. 2007
Mar;45(3):1058-62. Vibrio vulnificus-necrotizing fasciitis in patient with cirrhosis. Intern Med. 2007;46(3):143. A fatal case of
Vibrio vulnificus septicemia from a nongulf state: a public health alert for patients with chronic liver disease.
Am J Emerg Med. 2006 Sep;24(5):621-4. Chronic liver disease and consumption of raw oysters: a potentially lethal
combination--a review of Vibrio vulnificus septicemia. Am J Gastroenterol. 2005 May;100(5):1195-9.]

F. Sometime one can decrease iron intake by choosing a similar plant food that
contains less iron. The form of iron in all of the following foods is “inorganic” iron
and therefore not highly absorbable, but the total amount in some of these foods make
them less desirable products for people with hemochromatosis.

However, this suggestion is way down on the list in terms of importance as long as
phlebotomy is working.  I mention them here because invariably someone asks
about them.

Iron-fortified foods: Example: “Quick” iron-fortified cream-of-wheat has over 15
mg iron per cup, but unfortified cream-of-wheat or oatmeal only has about 2 mg.
Iron fortified foods will indicate that they are fortified or enriched with iron if you
check the label. The words “ferrous” or “ferric” in the ingredient list is an
indication of iron being added.

“Enriched” means that the iron was added back to the original level in a food after it
was removed during processing. Enriched flour is an example of this.

“Fortified” means that the iron (or another nutrient) was added to achieve a level
higher than would naturally be in the food.  “Total” cereal is an example of this: it is
fortified to provide 18 mg of iron per cup compared with 4.5 mg iron in a cup of a
similar but unfortified whole wheat cereal like “Wheaties.”

Legumes like lima beans and peas have 5-6 mg of iron per cup, but vegetables like
corn and carrots have only about 1 mg.

Prune juice is not the best choice of juice – it contains quite a lot of iron (over 9 mg
per cup compared with about 1 mg per cup of other fruit juices.)  It may have other
effects as well.  ☺

Iron Content of Food in General:  The chart on the last page shows the iron content
of a number of types of foods and some factors that affect its absorption.  As you can
see, the foods that are highest in absorbable iron tend to also be highest in
absorbable zinc, and vice versa. This relationship is the reason that the multivitamin
with minerals for people with hemochromatosis should provide the RDA level of zinc:
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if people are cutting back on dietary iron, they will also be accidentally cutting back
on zinc intake as well.  This is particularly important because inadequate zinc can also
impair the production of red blood cells needed for phlebotomy to continue.

6.   Increased Absorption of lead

The same mechanism that results in excessive iron absorption appears to also increase
risk of absorption of lead.  Lead seriously injures the brain and other organs, and is
a great contributor to high blood pressure. It also can contribute to hearing loss.
[Examples: Variants in iron metabolism genes predict higher blood lead levels in young children. Environ Health
Perspect. 2008 Sep;116(9):1261-6. Low-level environmental exposure to lead and progressive chronic kidney
diseases. Am J Med. 2006 Aug;119(8):707.e1-9.]

Sources of lead can include:

Calcium supplements made from oyster shells, bone or clay (dolomite.)
[Lead in pharmaceutical products and dietary supplements. Regul Toxicol Pharmacol. 2007;48(2):128-34.
Lead content in 70 brands of dietary calcium supplements. Am J Public Health. 199 ;83(8):1155-60.]

Water from wells that have brass or bronze immersible pumps or water that flows
through old lead pipes.
(For these reasons, a water filter that removes lead from the water would be a very good
idea.) Drinking water is not a major contributor to total lead exposure ordinarily but it
appears that lead in drinking water is probably absorbed more completely than lead in food.
Adults normally absorb 35-50 percent of the lead they drink and the absorption rate for
children may be greater than 50 percent. People with hemochromatosis will absorb even
more.  [More information about lead in water, pumps and filters can be found at:
http://extoxnet.orst.edu/factsheets/leadpump.quest]

Old lead-based paint and the dust from it when it disintegrates.
Older homes may have been painted with it, and paint chips and dust can be significant
sources of lead. Remodeling and demolition work will stir up the lead to increase exposure
via the lungs but indirectly through the digestive tract as well. The person with
hemochromatosis will absorb much more than others exposed to the same situation.

Some imported pottery, pewter and lead crystal.
The lead content of crystal  appears to only become a factor when acidic beverages are in
contact with the lead in the crystal for quite a while, or if the lead crystal is used on a daily
basis. However, many folks use it only about twice a year, so it is not a big problem to toast
the New Year using the heirloom crystal. [Estimation of lead intake from crystalware under conditions of
consumer use.  Food Addit Contam. 2000;17(3):205-18.  Lead migration from lead crystal wine glasses. Food Addit
Contam. 1996;13(7):747-65.]

Miscellaneous Sources of Lead:
Although the issue of increased absorption of lead in hemochromatosis is related only to lead
that is consumed, sometimes it is accidentally taken in via other routes.  Here are a few
examples to be aware of. Most are not common problems, but they are of interest:
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Some Cosmetics:
There have been reports recently of lead being found in several brands of lipstick, and many
women do end up swallowing quite a lot of lipstick.  Another example is kohl, is a lead-
based eye make-up common in other countries that finds its way to the US.
[http://www.4woman.gov/faq/cosmetics.pdf. www.safecosmetics.org;
http://www.leadsafe.org/elements/uploads/files/fileManager/Cosmetics distributorceaseslead_basedeye_liner.pdf. ]

Many folk remedies contain lead:
There is an excellent resource on line. [http://www.oregon.gov/DHS/ph/lead/docs/ homeremedies.pdf. ]

Hunting related: [Intoxication from an accidentally ingested lead shot retained in the gastrointestinal tract.
Environ Health Perspect. 2005 Apr;113(4):491-3.]

Pica (a craving that results in eating or chewing on non-food items): [Pica-associated
cerebral edema in an adult. J Neurol Sci. 2004 Oct 15;225(1-2):149-51.]   Happily, “pencil lead” is not
really lead so chewing on pencil lead will not lead to lead absorption from that source.
However, based on recently identified problems with lead-based paint on toys and other
products imported from China, it might be prudent for pencil-chewers to ask where that
pencil came from before proceeding.
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There are just the two of us, but on the weekends one of us will cook up a big batch of hot 
cereal.  Depending on what we have around, it usually contains something like the 
following. Measurements are certainly not exact (we use the time-honored scoop and fling 
method,)  but it often comes out sort of in this ratio: 
 
1 cup of stone-ground oats 
½ cup oat bran 
½ cup wheat bran 
½ cup of wheat germ 
½ cup of ground flax 
-about a cup of raw almonds that come with the brown coating on them (cheapest at  

warehouse-type stores), chopped up.  Slivered almonds are easy but much more 
pricey. You could use walnuts instead, or in addition. 

-about a cup of raisins (especially yummy: the big red-grape raisins also available in  
those stores) Be creative . . . how about dried apricots or mango bits? 

 
Add anything else you want in any amount and leave out anything above you don’t want. 
 
Usually I start with about a quart or so (i.e. unmeasured) of water in a big heavy pot 
(something like a small size pressure cooker bottom – the heaviness keeps it from having 
hot spots and sticking.)  Add the raisins and chopped nuts.  Bring to boil.  Add everything 
else in any order, but the oat bran does best if you don’t just dump it in but stir it in a bit 
more gradually.  You could even mix it all together in a bowl first and add it all at once to 
the water, but I am never clever enough to think so far ahead. 
 
Bring it back to a boil on low or medium and stir and cook it as long as it says on the 
stone-ground oat package. If it gets too dry or starts to stick, just add more water. The 
water just depends on how you like your hot cereal – thin or thick.  Your call! 
 
We eat some on the day we make it (usually Sunday) and put all the rest in a covered 
plastic container in the refrigerator.  Then, while racing around in the morning to get to 
work, we just microwave a “slab” of the cold cereal and it is the very best tasting 
“instant” oatmeal in the world.  It has lots of great nutrition (magnesium, protein, omega-
3 fats, vitamin E, B vitamins, soluble fiber to lower cholesterol, non-soluble fiber to keep 
things moving, a variety of beneficial phytochemicals, etc., etc.) and really fast.   
 



I put milk and a packet of sugar substitute or sugar on mine.  Dan puts a “heart healthy” 
margarine (no trans, etc.) and brown sugar on his. A friend puts jelly or syrup in it.  Go 
wild!  ☺ 
 
Some folks are not really good breakfast eaters.  In that case, you can also take it cold in 
a plastic container to work and microwave it to have it as a coffee-break snack or for 
lunch. You could even pre-fill several small containers the day you make it and just “grab 
one and run out the door.”   
 
One could also do kind of a “Master Mix” approach to make preparation even easier and 
faster. Just add all the dry ingredients (including the nuts and raisins) and put them in a 
freezer bag. You want to keep the mixture refrigerated or frozen in order to keep the flax 
and wheat germ happy.  Anyway,  when you experience the urge to cook a big pot of 
cereal, just grab one of your ready-to-go bags of mixed ingredients from the freezer, boil 
water and dump in the cereal combo. For the truly home-economically gifted, one could 
set aside one day a year and fill a small chest freezer with a year’s supply of ready-to-add 
cereal mix.  Impress your friends. It would certainly impress me! 
 
One other idea:  Sometimes I actually cook dinner (“Gasp!”) and I find that it is pretty 
easy to make up a batch of this cereal for the next day while preparing an evening meal.  
You can do it while the Tater Tots are baking! ☺  
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consuming seaweed soup to promote breast milk supply. Although most attention recently has been on the 
inadequacy of iodine in Australian diets, the reverse situation should not be overlooked. Neither feast nor famine is 
desirable. 

 
2010 
 
Iodine deficiency in infancy - a risk for cognitive development.  Dtsch Med Wochenschr. 2010 

Aug;135(31-32):1551-6.  Severe iodine deficiency during pregnancy seriously influences fetal brain development 
and in the worst case induces cretinism. Recent studies have shown that even a mild iodine deficiency during 
pregnancy and during the first years of life adversely affects brain development. The World Health 
Organisation (WHO) considers iodine deficiency as the most common preventable cause of early childhood 
mental deficiency. In this context, the insufficient production of the four iodine atoms containing thyroxine seems 
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to play a causal role, i. e., due to the iodine substrate deficiency the neuronally particularly relevant free-thyroxine 
level falls. Due to the very limited iodine storage capacity, the infantile thyroid is eminently dependent on an 
adequate and steady iodine supply. In the first month of life, when milk is the only energy- and nutrient 
provider, infants fed a commercial formula regularly have a sufficient iodine supply. However, breastfed 
infants, who depend on maternal iodine status, frequently show an inadequate iodine intake. Furthermore, 
iodine intake is critical when complementary food (CF) is introduced. Especially homemade CF is poor in 
iodine, but also commercial CFs are only partly fortified. A simultaneous inadequate iodine supply of the 
breastfeeding mother and the preferential use of mostly iodine-poor organic milk cannot ensure an adequate iodine 
supply of the infant. In terms of an improvement of nutrient supply, especially concerning an unhindered 
brain development, the corresponding German reference value for iodine intake of infants until age 4 month 
should be raised from currently 40 microg/d to at least 60 microg/d (WHO-reference: 90 microg/d). 

 
 
Some subgroups of reproductive age women in the United States may be at risk for iodine 

deficiency. J Nutr. 2010 Aug;140(8):1489-94. Consuming an adequate amount of iodine during pregnancy is 
critical for fetal neurologic development. Even a mild deficiency can impair cognitive ability. Important sources of 
iodine in the United States include dairy products and iodized salt. Although the U.S. population has 
traditionally been considered iodine sufficient, median urinary iodine concentrations (UIC) 
have decreased 50% since the 1970s. We analyzed 2001-2006 NHANES data from urine iodine spot tests 
for pregnant (n = 326), lactating (n = 53), and nonpregnant, nonlactating (n = 1437) women of reproductive age (15-
44 y). We used WHO criteria to define iodine sufficiency (median UIC: 150-249 microg/L among pregnant 
women; >or=100 microg/L among lactating women; and 100-199 microg/L among nonpregnant, nonlactating 
women). The iodine status of pregnant women was borderline sufficient (median UIC = 153 microg/L; 95% CI 
= 105-196), while lactating (115 microg/L; 95% CI = 62-162) and nonpregnant, nonlactating (130 microg/L; 
95% CI = 117-140) women were iodine sufficient. … Iodine levels among U.S. women should be monitored, 
particularly among subgroups at risk for iodine deficiency.  

 
 
Serum thyroid hormone levels in preterm infants born before 33 weeks of gestation and  

association of transient hypothyroxinemia with postnatal characteristics. J Pediatr Endocrinol 
Metab. 2010 Sep;23(9):899-912.: Fetal thyroid function and the hypothalamopituitary-thyroid axis continue to 
mature throughout pregnancy. Therefore, thyroid hormone levels of premature infants differ from those of mature 
ones. Our primary objective was to evaluate the reference values of serum thyroid hormones in preterm infants born 
before 33 wk gestation. The second objective was to define a cut-off value for transient hypothyroxinemia of 
prematurity (THOP) according to gestational age and association of THOP with postnatal characteristics in these 
infants…. CONCLUSIONS: In preterm infants below 30 wk, thyroid hormones were lower and urinary iodine 
values were higher compared to infants with older gestational age. THOP at the first wk of life may convey 
important prognostic information about neonatal morbidity and length of hospitalization stay. 

 
Iodine status of pregnant women from central Poland ten years after introduction of iodine 

prophylaxis programme. (Pol J Endocrinol 2010; 61 (6): 646-651).2010 Nov-Dec;61(6):646-51. Introduction: 
Until 1997, Poland was one of the European countries suffering from mild/moderate iodine deficiency. In 1997, a 
national iodine prophylaxis programme was implemented based on mandatory iodisation of household salt with 30 ± 
10 mg KI/kg salt, obligatory iodisation of neonatal formula with 10 μg KI/100 mL and voluntary supplementation of 
pregnant and breast-feeding women with additional 100-150 μg of iodine. Our aim in this study was to evaluate the 
iodine status of pregnant women ten years after iodine prophylaxis was introduced. … Conclusion: Iodine 
supplements with 150 μg of iodine should be prescribed for each healthy pregnant woman according to the 
assumptions of Polish iodine prophylaxis programme to obtain adequate iodine supply.  
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Patterns of iodine intake and urinary iodine concentrations during pregnancy and blood  
thyroid-stimulating hormone concentrations in the newborn progeny. Thyroid. 2010 
Nov;20(11):1295-9. Background: Appropriate maternal intake of iodine during pregnancy is essential for maternal 
thyroxine production and thyroid status of the fetus. It should be possible to enhance iodine intake during pregnancy 
by using iodine fortified salt or taking iodine supplements. In the present report we determined the status of iodine 
nutrition in pregnant women who were stratified on the basis of their history of taking or not taking iodized salt or 
iodine supplements. The study was performed in Toledo (Spain), a region in which prior studies have noted 
borderline iodine sufficiency. Iodine nutrition was assessed by measuring urinary iodine concentration (UIC) and 
neonatal thyrotropin (TSH).… Conclusions: In a region with a history of borderline iodine deficiency the UICs 
were below 150�μg/L in a substantial percentage of pregnant women who did not take iodine supplements, 
regardless of whether or not they took iodized salt. Our results support the use of iodine supplements from 
the start of the pregnancy, or even before pregnancy in women who live in regions with a history of even 
small degrees of iodine deficiency. In addition, neonate TSH screening is not the best tool to assess whether the 
iodine status in populations is ideal. 

 
 
Iodine-induced neonatal hypothyroidism secondary to maternal seaweed consumption: A  

common practice in some Asian cultures to promote breast milk supply.  J Paediatr Child 
Health. 2011 Jan 31. Mild iodine deficiency is a recognised problem in Australia and New Zealand. However, iodine 
excess can cause hypothyroidism in some infants. We highlight two cases which illustrate the risks of excess dietary 
iodine intake during pregnancy and breastfeeding. They also describe a cultural practice of consuming seaweed 
soup to promote breast milk supply. Although most attention recently has been on the inadequacy of iodine in 
Australian diets, the reverse situation should not be overlooked. Neither feast nor famine is desirable. 

 
Hypothyroxinemia and Pregnancy. Endocr Pract. 2011 Jan 17:1-24. Objective: To evaluate the peer-reviewed  

literature on iodine deficiency and hypothyroxinemia in pregnancy. …  An adequate amount of iodine intake has 
to be recommended pre-conception or starting early in pregnancy. 

 
Neonatal Age and Point of CareTSH Testing in the Monitoring of Iodine Deficiency Disorders:  

Findings from Western Uganda. Thyroid. 2011 Feb;21(2):183-8.  Background: Iodine deficiency is a major 
public health problem throughout Africa. Although salt for human consumption is said to contain adequate amounts 
of iodine in Uganda, iodine intake may not be optimal. … Based on the percentage of neonates with TSH values 
>5�mIU/L, presumptive iodine deficiency persists in western Uganda. This finding suggests that continued 
monitoring of iodine nutrition in the area surrounding the Rwenzori Mountains in Uganda and Congo is 
needed.  

 
Iodine intake in Portuguese pregnant women: results of a countrywide study. Eur J Endocrinol. 2010  

Oct;163(4):631-5.  Iodine is the key element for thyroid hormone synthesis, and its deficiency, even moderate, is 
harmful in pregnancy, when needs are increased, because of its potential deleterious effects on fetal brain 
development. In Portugal, no recent data on iodine intake exists. The objective of this countrywide study was to 
analyze iodine status in pregnant Portuguese women in order to propose adequate measures to the health 
authorities…. women assisted in most Portuguese maternity hospitals. Considering the potential deleterious 
effects of inadequate iodine supply in pregnancy, iodine supplementation is strongly recommended in this 
period of life. 

 
Poor iodine status and knowledge related to iodine on the eve of mandatory iodine fortification 

in Australia. Asia Pac J Clin Nutr. 2010;19(2):250-5. Background: Mandatory fortification of bread with 
iodised salt is proposed to address the re-emergence of iodine deficiency in Australia and New Zealand. … 
These data add support to the need for a national approach to address iodine intake which includes an 
accompanying consumer education campaign. 
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The Swiss iodized salt program provides adequate iodine for school children and pregnant  
women, but weaning infants not receiving iodine-containing complementary foods as well 
as their mothers are iodine deficient.  J Clin Endocrinol Metab. 2010 Dec;95(12):5217-24. 
BACKGROUND: If children and pregnant women in the population are iodine sufficient, it is generally assumed 
infants are also sufficient. But weaning infants may be at risk of iodine deficiency because iodized salt contributes 
little dietary iodine during this period. To fill this gap, iodine fortification of infant formula milk (IFM) and 
complementary foods (CF) is likely important. OBJECTIVES: The objective of the study was to first confirm that 
Swiss school children and pregnant women remain iodine sufficient and then to assess iodine status in infancy and 
the relative contribution of breast milk and IFM/CF to their iodine intakes. … RESULTS: Median (m) UICs in 
pregnant women (162 μg/liter) and school children (120 μg/liter) were sufficient, and 80% of the household salt was 
adequately iodized (≥15 ppm). However, mUICs in infants not receiving IFM/CF were not sufficient: 1) mUIC in 
breast-fed infants (82 μg/liter) was lower than in non-breast-fed infants (105 μg/liter) (P<0.001) and 2) mUIC in 
breast-fed weaning infants not receiving IFM/CF (70 μg/liter) was lower than infants receiving IFM (109 μg/liter) 
(P<0.01). mUIC was low in lactating mothers (67 μg/liter) and median breast milk iodine concentration was 49 
μg/kg  CONCLUSIONS: In countries in which iodized salt programs supply sufficient iodine to older children 
and pregnant women, weaning infants, particularly those not receiving iodine-containing IFM, may be at risk 
of inadequate iodine intakes. 

 
Effect of iodine deficiency and hypothyroidism on the protein expressions of CaMK II in the hippocampus of 

pups. Wei Sheng Yan Jiu. 2010 Mar;39(2):180-3. Objective: To observe the effect of iodine deficiency and 
hypothyroidism on the protein expressions of CaMK II in the hippocampus of pups. …  Conclusion: Iodine 
deficiency and hypothyroidism may decrease the protein expression of CaMK II. 

 
Dietary iodine: why are so many mothers not getting enough?  Environ Health Perspect. 2010  

Oct;118(10):A438-42. 
 
Iodine deficiency in Australia: is iodine supplementation for pregnant and lactating women warranted? Med J 

Aust. 2010 Apr 19;192(8):461-3. Recent research has confirmed that Australian children and pregnant women are 
mildly iodine deficient. A considerable proportion of the pregnant population is moderately to severely iodine 
deficient. Even subclinical hypothyroidism in the mother, occurring as a consequence of iodine deficiency, 
can cause irreversible brain damage in the fetus, making it essential to avoid iodine deficiency in pregnancy. 
The proposal of Food Standards Australia and New Zealand (FSANZ) - Mandatory Iodine Fortification for 
Australia (P1003) - has been implemented. FSANZ openly admits P1003 is inadequate for covering the needs 
of pregnant women. Therefore, health professionals and the public must be properly informed about the limitations 
of this proposal. Views differ about the most effective measures to prevent iodine deficiency in Australia. We 
propose that women planning a pregnancy, and pregnant and lactating women should be advised to take an 
iodine supplement. Women with pre-existing thyroid disease should exercise caution and seek medical advice 
before taking a supplement. 

 
Micronutrients and women of reproductive potential: required dietary intake and consequences of dietary 

deficienty or excess. Part II - Vitamin D, Vitamin A, Iron, Zinc, Iodine, Essential Fatty Acids. J Matern Fetal 
Neonatal Med. 2010 Apr 14. Part II of this review considers additional micronutrients. … To assure adequate 
iodine, food is fortified worldwide with iodated salt. If urinary iodine levels are low, supplementation is 
needed. Essential fatty acids requirements can be met by one to two portions of fish per week. 

 
 CB Note:  The iodine-related section of the above report says that “To assure adequate iodine, food is fortified 

worldwide with iodated salt. If urinary iodine levels are low, supplementation is needed.”  It  sounds a bit like things 
are OK because “food is fortified worldwide with iodated salt.”  As described elsewhere in this paper, many places 
that have low iodine in the soil still do not have access to iodized salt.  Additionally, the newest evaluations are 
showing that the amount added to salt is insufficient for many women and especially for pregnant and lactating 
women.  And the likelihood is quite low that women around the world (and here) normally get their urinary 
iodine level evaluated in order to determine whether “supplementation is needed.” 
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Iodine intake in Portuguese pregnant women: results of a countrywide study. Eur J Endocrinol. 2010 

Oct;163(4):631-5. …urine iodine concentration (UIC) was evaluated 3631 pregnant women followed in 17 
maternity hospitals from hinterland and coastal areas in Continental Portugal and the Portuguese islands of Açores 
and Madeira. Results: Median UIC value was 84.9 μg/l (range 67.6-124.1) in Continental Portugal, 69.5 μg/l in 
Madeira, and 50.0 μg/l in Açores. The percentage of satisfactory values (>150 μg/l) was 16.8, ranging from 8.8 to 
34.1 in the Continent, and being 8.2 in Madeira and 2.3 in Açores. The percentage of values below 50 μg/l was 23.7, 
ranging from 14.0 to 37.4 in the Continent, 33.7 in Madeira, and 50.0 in Açores. Conclusions: Our results point 
to an inadequate iodine intake in pregnant women assisted in most Portuguese maternity hospitals. 
Considering the potential deleterious effects of inadequate iodine supply in pregnancy, iodine 
supplementation is strongly recommended in this period of life. 

 
Iodine intake and maternal thyroid function during pregnancy. Epidemiology. 2010 Jan;21(1):62-9. Background: 

An adequate iodine intake during pregnancy is essential for the synthesis of maternal thyroid hormones and normal 
brain development in the fetus. Scant evidence is available on the effects and safety of iodine supplementation 
during pregnancy in areas with adequate or mildly deficient iodine intake. We examined the association of maternal 
iodine intake and supplementation with thyroid function before 24 weeks of gestation in population-based samples 
from 3 different areas in Spain. Methods: A cross-sectional study of 1844 pregnant women (gestational age range 
8-23 weeks) was carried out in 3 areas in Spain (Guipúzcoa, Sabadell, Valencia), during the period 2004-2008. We 
measured levels of free thyroxine and thyroid-stimulating hormone (TSH) in serum, iodine in a spot urine sample, 
and questionnaire estimates of iodine intake from diet, iodized salt and supplements. Adjusted associations were 
assessed by multiple linear regression and logistic regression analyses. Results: There was an increased risk of 
TSH above 3 muU/mL in women who consumed 200 microg or more of iodine supplements daily compared 
with those who consumed less than 100 microg/day (adjusted odds ratio = 2.5 [95% confidence interval = 1.2 to 
5.4]). We observed no association between urinary iodine and TSH levels. Pregnant women from the area 
with the highest median urinary iodine (168 microg/L) and highest supplement coverage (93%) showed the 
lowest values of serum free thyroxine. (geometric mean = 10.09 pmol/L [9.98 to 10.19]). CONCLUSIONS: 
Iodine supplement intake in the first half of pregnancy may lead to maternal thyroid dysfunction in iodine-
sufficient or mildly iodine-deficient populations. 

 
Thyroid disorders and pregnancy.  Internist (Berl). 2010 May;51(5):620-4. Disorders of the thyroid in women are 

common during the reproductive years. Incorrect or delayed treatment during pregnancy can adversely affect the 
health of mother and child. Knowledge of the physiological changes during this time is essential. … [CB note: This 
paper is looking at women who have medical conditions involving the thyroid gland, and not at public health 
iodine-in-pregnancy issues.]. 

 
Lifestyle factors in people seeking infertility treatment - A review. Aust N Z J Obstet Gynaecol. 2010 Feb;50(1):8-

20. Background: Clinical infertility is a prevalent problem with significant financial and psychosocial costs. 
Modifiable lifestyle factors exist that may affect a person's time to conception and their chance of having a healthy, 
live birth. … Results: A person's time to pregnancy and their chance of having a healthy, live birth may be 
affected by factors such as weight, vitamin and iodine intake …  Conclusion: Advice on modifiable lifestyle 
factors should be given to people presenting for infertility treatment to help them make positive changes that may 
improve their chances of pregnancy and delivering a healthy, live baby. Developing a guideline for this would be a 
prudent step towards helping clinicians to implement this aspect of preconception care. 

 
The challenges of iodine supplementation: a public health programme perspective. Best Pract Res Clin Endocrinol 

Metab. 2010 Feb;24(1):89-99. An adequate iodine intake during pregnancy, lactation and early childhood is 
particularly critical for optimal brain development of the foetus and of children 7-24 months of age. While the 
primary strategy for sustainable elimination of iodine deficiency remains universal salt iodisation, the World 
Health Organization and the United Nations Children's Fund recommend a complementary strategy of 
iodine supplements as a temporary measure when salt iodisation could not be implemented. This article aims 
to review current evidence on efficacy and implications of implementing iodine supplementation as a public health 
measure to address iodine deficiency. Iodine supplementation seems unlikely to reach high coverage in a rapid, 
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equitable and sustained way. Implementing the programme requires political commitment, effective and efficient 
supply, distribution and targeting, continuous education and communication and a robust monitoring system. Thus, 
universal salt iodisation should remain the primary strategy to eliminate iodine deficiency. 

 
Cretinism revisited. Best Pract Res Clin Endocrinol Metab. 2010 Feb;24(1):39-50. Endemic cretinism includes two 

syndromes: a more common neurological disorder with brain damage, deaf mutism, squint and spastic 
paresis of the legs and a less common syndrome of severe hypothyroidism, growth retardation and less severe 
mental defect. Both conditions are due to dietary iodine deficiency and can be prevented by correction of 
iodine deficiency before pregnancy. Endemic cretinism is now included in the spectrum of the effects of iodine 
deficiency in a population termed the 'iodine deficiency disorders (IDDs)', which also includes a wide range of lesser 
degrees of cognitive defect that can be prevented by the correction of iodine deficiency. Iodine deficiency is now 
recognised by the World Health Organization (WHO) as the most common preventable cause of brain 
damage with in excess of 2 billion at risk from 130 countries. A global United Nations (UN) programme of 
prevention has achieved 68% household usage of iodised salt by the year 2000 compared with less than 20% 
prior to 1990. 

 
Iodine intake as a determinant of thyroid disorders in populations. Best Pract Res Clin Endocrinol Metab. 2010 

Feb;24(1):13-27. Depending on the availability of iodine, the thyroid gland is able to enhance or limit the use of 
iodine for thyroid hormone production. When compensation fails, as in severely iodine-deficient populations, 
hypothyroidism and developmental brain damage will be the dominating disorders. This is, out of all comparison, 
the most serious association between disease and the level of iodine intake in a population. In less severe iodine 
deficiency, the normal thyroid gland is able to adapt and keep thyroid hormone production within the normal range. 
However, the prolonged thyroid hyperactivity associated with such adaptation leads to thyroid growth, and during 
follicular cell proliferation there is a tendency to mutations leading to multifocal autonomous growth and function. 
… Monitoring and adjusting of iodine intake in a population is an important part of preventive medicine. 

 
Epidemiology of iodine deficiency: Salt iodisation and iodine status. Best Pract Res Clin Endocrinol Metab. 2010 

Feb;24(1):1-11. Universal salt iodisation (USI) and iodine supplementation are highly effective strategies for 
preventing and controlling iodine deficiency. USI is now implemented in nearly all countries worldwide, and two-
thirds of the world's population is covered by iodised salt. The number of countries with iodine deficiency as a 
national public health problem has decreased from 110 in 1993 to 47 in 2007. Still one-third of households 
lack access to adequately iodised salt. Iodine deficiency remains a major threat to the health and development 
of populations around the world, particularly in children and pregnant women in low-income countries. Data 
on iodine status are available from 130 countries and approximately one-third of the global population is estimated 
to have a low iodine intake based on urinary iodine (UI) concentrations. Insufficient control of iodine fortification 
levels has led to excessive iodine intakes in 34 countries. The challenges ahead lie in ensuring higher coverage of 
adequately iodised salt, strengthening regular monitoring of salt iodisation and iodine status in the population, 
together with targeted interventions for vulnerable population groups. 

 
Iodine deficiency in the prenatal period may form learning ability deficiency in the postnatal period. 

Georgian Med News. 2010 Jan;(178):65-8. The present study analysis the changes in learning ability of the progeny 
of rats suffered from iodine deficiency. …  We can conclude that the diet with very low iodine content results in 
a low level of thyroxin in maternal serum and neurological deficiency in progeny manifested by learning 
disability during maze testing. Addition of the iodine to the diet prevents development of mentioned 
neurological deficiency. 
 

Suboptimal iodine status of Australian pregnant women reflects poor knowledge and practices related to iodine 
nutrition. Nutrition. 2010 Oct;26(10):963-8.  OBJECTIVE: To assess the iodine status and knowledge and 
practices related to iodine nutrition of Australian women during pregnancy. …CONCLUSION: Public health 
strategies, including nutritional education and supplementation, are urgently required to improve the iodine 
status of pregnant women. Currently, no readily accessible information on iodine is available to women 
attending antenatal clinics in Australia. 
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The influence of dietary status on the cognitive performance of children. . Mol Nutr Food Res. 2010 Apr;54(4):457-
70. The rapid rate of growth of the brain during the last third of gestation and the early postnatal stage 
makes it vulnerable to an inadequate diet, although brain development continues into adulthood and 
micronutrient status can influence functioning beyond infancy. Certain dietary deficiencies during the first 2 
years of life, for example iodine and iron, create problems that are not reversed by a later adequate diet. …. 
In particular, attention has been directed to protein-calorie malnutrition and more specifically the intake of iron, 
iodine and vitamin A … 

 
Iodine intake is still inadequate among pregnant women eight years after mandatory iodination of salt in Turkey. 

J Endocrinol Invest. 2010 Jul-Aug;33(7):461-4. … Conclusion: Our study revealed that iodine deficiency still 
remains a serious problem for pregnant women. Based on our results, antenatal follow-up protocols in the 
primary care setting in Turkey must include iodine supplementation. 

Iodine deficiency in pregnancy, infancy and childhood and its consequences for brain development. 
Best Pract Res Clin Endocrinol Metab. 2010 Feb;24(1):29-38. Iodine deficiency during foetal development and 
early childhood is associated with cognitive impairment. Randomised clinical studies in school-aged children 
encountered in the literature indicate that cognitive performance can be improved by iodine supplementation, but 
most studies suffer from methodological constraints. Tests to assess cognitive performance in the domains that are 
potentially affected by iodine deficiency need to be refined. Maternal iodine supplementation in areas of mild-to-
moderate iodine deficiency may improve cognitive performance of the offspring, but randomised controlled studies 
with long-term outcomes are lacking. Studies in infants or young children have not been conducted. The best 
indicators for iodine deficiency in children are thyroid-stimulating hormone (TSH) in newborns and thyroglobulin 
(Tg) in older children. Urinary iodine may also be useful but only at the population level. Adequate salt iodization 
will cover the requirements of infants and children as well as pregnant women. However, close monitoring remains 
essential.  
 
[CB note: This particular discussion is about research design and the need for more research.  Of course more 
research is always needed. However, as most of the people who read my materials are not epidemiologists (nor am I) 
some fine points of interpretation of this report may be helpful.   
 
First, the type of research designs described here as “lacking” are “randomized controlled studies with long-term 
outcomes” including “studies in infants or young children.”  Although desirable from a statistical confidence 
level sense, obtaining the results of this kind of study design with infants, children, or ANYBODY would most 
likely be unethical and therefore not likely to ever become available. (If we are pretty darn sure that iodine 
deficiency is not good for people, we can never do the kind of study where some folks are randomly assigned 
to not receive the supplemental amount presumed to provide adequacy … especially for “long-term” outcome 
measures.)   
 
I think it is important to realize that although we will likely never have this kind of definitive data, there is a ton of 
other kinds of research evidence that the problem of Iodine Deficiency Disorders (IDD) is huge and that correcting it 
to the best of our ability is worthwhile.   
 
Second is a comment about the interpretation of the second to the last statement: “Adequate salt iodization will 
cover the requirements of infants and children as well as pregnant women.”  My reaction is, well, of course 
“ADEQUATE” salt iodization will cover everyone’s requirements. That’s like saying “taking in enough food 
prevents starvation.” It sounds like there is no problem.  Here’s the problem: 
 
1)  Many people who need additional iodine do not get it for many reasons even if local iodization levels in 
salt are “adequate.” The reasons for this are discussed in detail in several of my other papers.  
2)  It is apparent by the recent upward adjustment in the amount of iodine now recommended by the WHO that the 

previous (recent) iodization level has in fact been “INadequate” for pregnant women in particular.  
 
3)  About 1/3 of the world’s population still does not have access to iodized salt. “Epidemiology of iodine deficiency: 

Salt iodisation and iodine status.” Best Pract Res Clin Endocrinol Metab. 2010 Feb;24(1):1-11. 
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Neonatal TSH screening: is it a sensitive and reliable tool for monitoring iodine status in populations? Best Pract 
Res Clin Endocrinol Metab. 2010 Feb;24(1):63-75.  Conclusion … these researchers do not think it is very useful and 
they explain why they think this. 

 
 
Thyroid function at the third trimester of pregnancy in a Northern French population. Ann Endocrinol (Paris). 

2010 Sep 29.  … Conclusion: The hypothyroxinemia at the third trimester of pregnancy was more prominent in 
the Parisian population and insufficient iodine intake could be responsible for the deficient increase in TT4. It is 
therefore concluded that the inability of the thyroid to establish the required equilibrium could be corrected 
by systematic iodine supplementation before pregnancy. Finally, the strong correlation between FT4 and FTI 
suggests that the quality of FT4 test immunoassay is appropriate for estimating FT4 serum levels during pregnancy. 

 
Inadequacy of nutrients intake among pregnant women in the Deep South of Thailand. BMC Public Health. 2010 

Sep 24;10(1):572.  
 
Universal screening detects two-times more thyroid disorders in early pregnancy than targeted high-risk case 

finding. Eur J Endocrinol. 2010 Oct;163(4):645-50.  … CONCLUSIONS: Over half (55%) of pregnant women 
with abnormalities suggestive of autoimmune thyroiditis and/or hypothyroidism would be missed if only those with 
high-risk criteria were examined. A more extensive screening of thyroid autoimmunity and dysfunction seems 
warranted. 

 
An approach to a sanitary and social problem: urinary iodine excretion in pregnant women from a iodine 

deficient region.  Arch Latinoam Nutr. 2009 Dec;59(4):378-82. The urinary iodine excretion (UIE) assay is an 
effective method to detect reduced iodine intake. … 45% of pregnant women with UIE < 100 ug/l showed impaired 
thyroid function. … 

 
Post-production losses in iodine concentration of salt hamper the control of iodine deficiency disorders: a case 

study in northern Ethiopia. J Health Popul Nutr. 2010 Jun;28(3):238-44.  
 
Parameters of thyroid function throughout and after pregnancy in an iodine-deficient population.  

Thyroid. 2010 Sep;20(9):995-1001. Background: The thyroid hormone milieu is of crucial importance for the 
developing fetus. Pregnancy induces physiological changes in thyroid homeostasis that are influenced by the iodine 
status. However, longitudinal studies addressing thyroid function during pregnancy and after delivery are still 
lacking in mild-to-moderate iodine-deficient populations. Here we characterize the serum parameters of thyroid 
function throughout pregnancy, and until 1 year after delivery, in a population of pregnant women whom we have 
previously reported to be iodine deficient (median urinary iodine levels below 75 microg/L). … Conclusion: The 
pregnant women in this study had an absence of the usual free T(4) spike and a smaller than expected increment in 
total T(4), described during pregnancy in iodine-sufficient populations. A greater number of women had subclinical 
hypothyroidism compared with iodine-sufficient populations. This hormonal profile, most likely due to iodine 
insufficiency, may result in inadequate thyroid hormone supply to the developing fetus. We conclude that 
care should be taken when reviewing the results of thyroid hormone tests in iodine-insufficient populations 
and when no gestation-specific reference values have been established. In addition, we recommend iodine 
supplementation in our population and populations with similar iodine status, particularly during pregnancy 
and lactation. 

 
Perinatal iron and copper deficiencies alter neonatal rat circulating and brain thyroid hormone concentrations.  

Endocrinology. 2010 Aug;151(8):4055-65. Copper (Cu), iron (Fe), and iodine/thyroid hormone (TH) deficiencies 
lead to similar defects in late brain development, suggesting that these micronutrient deficiencies share a common 
mechanism contributing to the observed derangements. … These results indicate that at least some of the brain 
defects associated with neonatal Fe and Cu deficiencies are mediated through reductions in circulating and brain TH 
levels. 
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Effect of selenium on hypothyroidism induced by methimazole (MMI) in lactating rats and their pups. Acta Biol 
Hung. 2010 Jun;61(2):145-57. The present study was undertaken to assess the effect of selenium (Se) on 
hypothyroidism induced by methimazole (MMI) in lactating rats and their pups. … In the MMI-treated group, 
thyroid iodine contents and plasma thyroid hormone levels significantly decreased, while plasma TSH levels 
increased in pups and their mothers. These biochemical modifications corresponded histologically to closed 
follicles, increased vascularity and a reduction in colloid volume. Co-treatment with Se ameliorated these 
parameters. We concluded that the supplementation of Se in diet had beneficial effects on hypothyroidism 
during a critical period of life.  

 
CB Note: Both Selenium and iodine are required for production of thyroxine, and both are quite variable in foods 

depending on the content in the soil in which the foods are grown.  In some areas of the world, particularly 
mountainous areas, selenium deficiency is common. Examples of areas that automatically supplement selenium 
include New Zealand and the Alpine region of Europe.  It is likely that people with a combination of iodine AND 
selenium deficiency would experience much greater thyroid –related problems. 

 
        [Selenium status, thyroid volume and multiple nodule formation in an area with mild iodine deficiency. Eur J Endocrinol. 2011 Jan 17.  Trace 

elements status in multinodular goiter. J Trace Elem Med Biol. 2010 Apr;24 (2):106-10.  The impact of common micronutrient deficiencies on 
iodine and thyroid metabolism: the evidence from human studies. Best Pract Res Clin Endocrinol Metab. 2010 Feb;24(1):117-32. Selenium and 
thyroid. Best Pract Res Clin Endocrinol Metab. 2009 Dec;23(6):815-27. Selenium and the thyroid: a close-knit connection. J Clin Endocrinol 
Metab. 2010 Dec;95(12):5180-8. Fenvalerate exposure alters thyroid hormone status in selenium- and/or iodine-deficient rats. Biol Trace Elem 
Res. 2010 Jun;135(1-3):233-41.Selenium & iodine supplementation: effect on thyroid function of older New Zealanders. Am J Clin Nutr. 2009 
Oct;90(4):1038-46. Role of iodine, selenium and other micronutrients in thyroid function and disorders. Endocr Metab Immune Disord Drug 
Targets. 2009 Sep;9(3):277-94. Selenium levels in first-degree relatives of diabetic patients. Biol Trace Elem Res. 2009 May;128(2):144-51.  
Effect of trace elements on thyroid structural and functional state (a review).  Gig Sanit. 2008 Sep-Oct;(5):79-81.On the importance of selenium 
and iodine metabolism for thyroid hormone biosynthesis and human health. Mol Nutr Food Res. 2008 Nov;52(11):1235-46.Environmental 
factors and autoimmune thyroiditis. Nat Clin Pract Endocrinol Metab. 2008 Aug;4(8):454-60. Environmental triggers of autoimmune thyroiditis. 
J Autoimmun. 2009 Nov-Dec;33(3-4):183-9. Trace element levels in hashimoto thyroiditis patients with subclinical hypothyroidism. . Biol Trace 
Elem Res. 2008 Summer;123(1-3):1-7.  Trace elements in growth: iodine and selenium status of Turkish children. .  J Trace Elem Med Biol. 
2007;21 Suppl 1:40-3.] 

 
 
The impact of transient hypothyroidism on the increasing rate of congenital hypothyroidism in the United States. 

Pediatrics. 2010 May;125 Suppl 2:S54-63.  
 
Therapeutic drug monitoring during pregnancy and lactation: thyroid function assessment in pregnancy-

challenges and solutions. Ther Drug Monit. 2010 Jun;32(3):265-8.  
 
 
Iodine intake in a population of pregnant women: INMA mother and child cohort study, Spain. 

J Epidemiol Community Health. 2010 Aug 15. Background Monitoring iodine status during pregnancy is essential 
to prevent iodine-related disorders. The objectives of this study are to estimate iodine intake and excretion, to assess 
their association and to evaluate the compliance of the recommendations in a multicentre cohort of pregnant women. 
…. Results 1522 women were included in the study. Median UIC was 134 (IQR 80-218) mug/l in Valencia, 168 
(IQR 108-272) mug/l in Gipuzkoa and 94 (IQR 57-151) mug/l in Sabadell. 48.9% of Valencian women consumed 
iodine supplements, 93.3% in Gipuzkoa and 11.0% in Sabadell. Prevalence of iodised salt consumption was 50.5% 
in the whole sample. UIC was associated with intake of supplements, iodised salt, dietary iodine and water. UIC 
levels were lower than expected according to the estimated iodine intake. Conclusion Median UIC reflected iodine 
deficiency according to WHO reference levels, except in Gipuzkoa where supplements are widely consumed. 
It is necessary to strengthen iodised salt consumption since it is already far from the objective proposed of 
coverage of 90% of households. More data would be valuable to assess the correspondence between iodine 
intake and excretion during pregnancy. 

 
Iodine intake and maternal thyroid function during pregnancy. Epidemiology. 2010 Jan;21(1):62-9. [Data from 

same study in Spain as above.]Background: An adequate iodine intake during pregnancy is essential for the 
synthesis of maternal thyroid hormones and normal brain development in the fetus. Scant evidence is available on 
the effects and safety of iodine supplementation during pregnancy in areas with adequate or mildly deficient iodine 
intake. We examined the association of maternal iodine intake and supplementation with thyroid function before 24 
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weeks of gestation in population-based samples from 3 different areas in Spain. Methods: A cross-sectional study 
of 1844 pregnant women (gestational age range 8-23 weeks) was carried out in 3 areas in Spain (Guipúzcoa, 
Sabadell, Valencia), during the period 2004-2008. We measured levels of free thyroxine and thyroid-stimulating 
hormone (TSH) in serum, iodine in a spot urine sample, and questionnaire estimates of iodine intake from diet, 
iodized salt and supplements. Adjusted associations were assessed by multiple linear regression and logistic 
regression analyses. Results: There was an increased risk of TSH above 3 muU/mL in women who consumed 200 
microg or more of iodine supplements daily compared with those who consumed less than 100 microg/day 
(adjusted odds ratio = 2.5 [95% confidence interval = 1.2 to 5.4]). We observed no association between urinary 
iodine and TSH levels. Pregnant women from the area with the highest median urinary iodine (168 microg/L) 
and highest supplement coverage (93%) showed the lowest values of serum free thyroxine. (geometric mean = 
10.09 pmol/L [9.98 to 10.19]). CONCLUSIONS: Iodine supplement intake in the first half of pregnancy 
may lead to maternal thyroid dysfunction in iodine-sufficient or mildly iodine-deficient populations. 

 
 
Plenary Lecture 3: Food and the planet: nutritional dilemmas of greenhouse gas emission reductions through 

reduced intakes of meat and dairy foods. Proc Nutr Soc. 2010 Feb;69(1):103-18.   Legally-binding legislation is 
now in place to ensure major reductions in greenhouse gas emissions in the UK. Reductions in intakes of meat and 
dairy products, which account for approximately 40% of food-related emissions, are an inevitable policy option. The 
present paper assesses, as far as is possible, the risk to nutritional status of such a policy in the context of the part 
played by these foods in overall health and well-being and their contribution to nutritional status for the major 
nutrients that they supply. … However, overall protein intakes would probably fall, with the potential for intakes to 
be less than current requirements for the elderly. Whether it is detrimental to health is uncertain and controversial. 
Zn intakes are also likely to fall, raising questions about child growth that are currently unanswerable. Milk and 
dairy products, currently specifically recommended for young children and pregnant women, provide 30-40% of 
dietary Ca, iodine, vitamin B12 and riboflavin. Population groups with low milk intakes generally show low intakes 
and poor status for each of these nutrients. Taken together it would appear that the reductions in meat and 
dairy foods, which are necessary to limit environmental damage, do pose serious nutritional challenges for 
some key nutrients. These challenges can be met, however, by improved public health advice on alternative 
dietary sources and by increasing food fortification. 

 
Symposium on 'Geographical and geological influences on nutrition': Iodine deficiency in industrialised countries. 

Proc Nutr Soc. 2010 Feb;69(1):133-43. Iodine deficiency is not only a  problem in developing regions; it also 
affects many industrialised countries. Globally, two billion individuals have an insufficient iodine intake, and 
approximately 50% of continental Europe remains mildly iodine deficient. Iodine intakes in other 
industrialised countries, including the USA and Australia, have fallen in recent years. Iodine deficiency has 
reappeared in Australia, as a result of declining iodine residues in milk products because of decreased iodophor use 
by the dairy industry. In the USA, although the general population is iodine sufficient, it is uncertain whether iodine 
intakes are adequate in pregnancy, which has led to calls for iodine supplementation. The few available data suggest 
that pregnant women in the Republic of Ireland and the UK are now mildly iodine deficient, possibly as a result of 
reduced use of iodophors by the dairy industry, as observed in Australia. Representative data on iodine status in 
children and pregnant women in the UK are urgently needed to inform health policy. In most industrialised countries 
the best strategy to control iodine deficiency is carefully-monitored salt iodisation. However, because 
approximately 90% of salt consumption in industrialised countries is from purchased processed foods, the 
iodisation of household salt only will not supply adequate iodine. Thus, in order to successfully control iodine 
deficiency in industrialised countries it is critical that the food industry use iodised salt. The current push to 
reduce salt consumption to prevent chronic diseases and the policy of salt iodisation to eliminate iodine 
deficiency do not conflict; iodisation methods can fortify salt to provide recommended iodine intakes even if 
per capita salt intakes are reduced to <5 g/d. 

 
The current salt iodization strategy in Kyrgyzstan ensures sufficient iodine nutrition among school-age children 

but not pregnant women.Public Health Nutr. 2010 May;13(5):623-30. Although goitre and cretinism were brought 
under control in Kyrgyzstan during the 1960s by centrally directed iodized salt supplies, iodine-deficiency disorders 
(IDD) had made a comeback when the USSR broke up in 1991. Upon independence, Kyrgyzstan started developing 
its own salt processing industry and by 2001 the Government enacted a law on IDD elimination, mandating 
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universal salt iodization (USI) at 25-55 mg/kg. The present study [in 2007] aimed to evaluate the effectiveness of the 
USI strategy on the iodine consumption, iodine status and burden of IDD in the population of Kyrgyzstan. …  
CONCLUSIONS: The iodine nutrition status of the Kyrgyz population is highly responsive to household 
salt iodization. Although the results in children suggest adequate iodine nutrition, the iodine consumption 
among pregnant women did not assure their dietary requirements. In-depth analysis of the survey data 
suggest that excess iodine intake is not likely to become a public health concern in Kyrgyzstan when the salt 
supply meets agreed standards. 

 
Iodine: it's important in patients that require parenteral nutrition. Gastroenterology. 2009 Nov;137(5 Suppl):S36-

46. Iodine deficiency has multiple adverse effects on growth and development because of inadequate thyroid 
hormone production. Four methods are generally recommended for assessment of iodine nutrition: urinary iodine 
concentration, thyroid size, and blood concentrations of thyroid-stimulating hormone and thyroglobulin. Iodine 
intakes < or = 1 mg/d are well tolerated by most adults, because the thyroid is able to adjust to a wide range of 
intakes. A daily dose of 1 microg iodine/kg body weight is recommended for infants and children receiving 
parenteral nutrition (PN), but this is far below their requirement. Daily iodine requirements in adults 
receiving enteral nutrition or PN are estimated to be 70-150 microg, but most PN formulations do not contain 
iodine. Despite this, deficiency is unlikely because absorption from iodine-containing skin disinfectants and other 
adventitious sources can provide sufficient iodine. However, if chlorhexidine replaces iodine-containing 
disinfectants for catheter care, iodine deficiency may occur during long-term PN, and periodic testing of 
thyroid functions may be prudent. Infants may be particularly vulnerable because of their small thyroidal 
iodine store, but available data do not yet support routine supplementation of preterm infants with iodine. 
Adults may be less vulnerable because thyroidal iodine stores may be able to support thyroid hormone production 
for several months. More studies to clarify this issue would be valuable. 

 
Fetal and neonatal thyroid function: review and summary of significant new findings. Curr Opin Endocrinol 

Diabetes Obes. 2010 Feb;17(1):1-7. The purpose of this review is to briefly summarize current knowledge of fetal 
and neonatal thyroid function, and then to summarize the most significant new findings over the last year that add to 
our knowledge of the cause, diagnosis, and management of fetal and neonatal thyroid disorders…. [CB note: This is 
about managing certain types of thyroid disorders in newborns, and not generally about iodine intake issues in 
pregnancy.] 

 
Impact of pregnancy on prevalence of goitre and nodular thyroid disease in women living in a region of 

borderline sufficient iodine supply. Horm Metab Res. 2010 Feb;42(2):137-42. An interplay of genetic, epigenetic, 
and environmental factors contributes to thyroid disease. In a cross-sectional study, we aimed to determine the 
influence of parity in combination with other risk factors on the prevalence of goitre and nodular thyroid disease 
(NTD) in women living in a region of previous overt iodine deficiency, which experienced a continuous 
improvement in alimentary iodine supply in the last two decades. Thyroid ultrasonography (7.5 MHz; Merck 
Thyromobil) was performed by the same investigator in 736 women living in Thuringia and Saxony [Germany].. 
Goitre prevalence was 19.1%. Solitary thyroid nodules were detected in 21.5%, and multiple nodules in 23.8% of 
women. In a multivariate analysis, neither age nor parity was positively correlated with goitre prevalence and NTD. 
A significant correlation was detected between BMI and goitre and multinodular disease. Goitre was found in 
25.3% of women with a positive family history for thyroid disease, as opposed to 16.1% goitre in women with 
a negative family history. Neither goitre nor NTD were associated with a history of smoking in the whole 
study population. Thyroid nodules and/or goitre are present in up to 45% of women in an area of previous 
overt iodine deficiency. Whereas BMI and family history are positively correlated with the presence of NTD and 
goitre, no such correlation could be detected for pregnancy and smoking after processing our data with multivariate 
analyses. 

 
Clin Endocrinol (Oxf). 2010 Jan;72(1):81-6. Iodine sources and iodine levels in pregnant women from an area 

without known iodine deficiency. An adequate iodine intake during pregnancy is essential for normal development 
of the foetus. The World Health Organization (WHO) recommends that the median urinary iodine 
concentration (UIC) in a population of pregnant women should range between 150 and 249 microg/l. The aim 
of this study was to evaluate iodine status and to examine the main sources of iodine in pregnant women from an 
apparently iodine-sufficient area. Methods: Six hundred pregnant women in the third trimester completed a food 
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frequency questionnaire, and iodine was measured in urine samples. Urinary iodine concentrations were described in 
the whole population and in subgroups according to their frequency of intake of milk, fish, eggs, bread and iodized 
salt, as iodine supplements. Results: The median UIC was 104 microg/l (n = 600), however, the median was higher 
among women who had a high milk intake (117 microg/l), used iodized salt (117 microg/l) or who were 
supplemented with iodine (141 microg/l). Women receiving iodine supplementation who also consumed more than 
one cup of milk per day had median UIC higher than 150 microg/l. In multivariate models, women with moderate 
and high milk intake had lower risk of having UIC below 150 microg/l [OR (95% CI): 0.42 (0.22-0.82) and 0.29 
(0.15-0.55) respectively], after adjustment for potential confounders. Conclusions: On the basis of WHO 
criteria, the iodine status of pregnant women was inadequate in this area. Milk was the most important 
dietary source of iodine, and iodine supplementation was also an important source of iodine, although not 
enough to reach the current recommendations. 

  

 
2009 

 
Prevalence of iodine deficiency in pregnant women in the health area of Palencia (Spain). Endocrinol Nutr. 2009 

Dec;56(10):452-7. BACKGROUND: Iodine deficiency in pregnant women may result in substantial and 
irreversible impairment in fetal brain development, even from the first few weeks of pregnancy. 
OBJECTIVE: To assess the nutritional iodine status of pregnant women in our health area and its relationship 
with dietary factors and thyroid function and to suggest treatment guidelines. … CONCLUSIONS: 
Seventy-eight percent of pregnant women in our health area were iodine deficient. Iodized salt intake is 
related to iodine sufficiency and to increased urinary iodine concentrations. Measures to increase intake of 
iodized salt among the population should be implemented. Iodized salt supplements should be systematically 
prescribed in women from the beginning of pregnancy. 

 
A framework to explore micronutrient deficiency in maternal and child health in Malawi, Southern Africa. 

Environ Health. 2009 Dec 21;8 Suppl 1:S13. Global food insecurity is associated with micronutrient deficiencies 
and it has been suggested that 4.5 billion people world-wide are affected by deficiencies in iron, vitamin A and 
iodine. Zinc has also been identified to be of increasing concern. The most vulnerable are young children and 
women of childbearing age. …  

 
Perinatal goiter with increased iodine uptake and hypothyroidism due to excess maternal iodine ingestion. Horm 

Res. 2009;72(6):344-7. AIMS: To review cases of fetal/newborn goiter due to excess maternal iodine ingestion. … 
We reviewed the medical records of all patients that presented with congenital goiter in 2003. We used the PubMed 
search engine to conduct a review of publications addressing congenital goiter and excessive iodine intake.  
…Maternal ingestion of large amounts of iodine due to an error in the manufacturing of a prenatal vitamin 
caused a goiter in her fetus. Seven other women who received the same prenatal vitamin had newborn children with 
goiters. Three of these children were hypothyroid at the time of initial examination. Three patients (2 hypothyroid 
and 1 euthyroid) had thyroid scans with radioactive iodine; iodine uptake was elevated (>80%) in all 3, and in 1 the 
perchlorate washout test was positive.  …The finding of congenital goiter and increased iodine uptake in a newborn 
is considered diagnostic of dyshormonogenesis, a permanent form of hypothyroidism. Our description is important 
because it demonstrates that iodine excess during pregnancy may mimic some forms of dyshormonogenesis. 
The differentiation between the two causes of newborn goiter may prevent the lifelong use of supplemental 
levothyroxine in patients with a transient abnormality. 

 
Breastfeeding and maternal and infant iodine nutrition. Clinical Endocrinology. 70(5):803-9, 2009 May.  

Adequate concentration of iodine in breast milk is essential to provide for optimal neonatal thyroid hormone 
stores and to prevent impaired neurological development in breast-fed neonates. In many countries of the world, 
low iodine content of the breast milk indicates less than optimum maternal and infant iodine nutrition. The 
current WHO/ICCIDD/UNICEF recommendation for daily iodine intake (250 microg for lactating mothers) has 
been selected to ensure that iodine deficiency dose not occur in the postpartum period and that the iodine 
content of the milk is sufficient for the infant's iodine requirement 
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Iodine status and thyroid function of pregnant, lactating women and infants (0-1 yr) residing in areas with an  
effective Universal Salt Iodization program.  Asia Pacific Journal of Clinical Nutrition. 18(1):34-40, 2009.  
Pregnant women, lactating women and infants were selected randomly in the regions where iodized salt 
coverage rate is more than 90% since 2000. Median Urinary Iodine (MUI) of infants, three groups of pregnant 
women (first, second and third trimester) and two groups lactating women (breastfeeding less than or more than 
six months) were 233, 174, 180, 147, 126 and 145 microg/L, respectively. Median milk iodine of lactating 
women was 163 microg/L. Percentage of milk iodine < 150 microg/L of early lactating women was 40% 
less than that of late lactating women (p < 0.01). There was a positive correlation between urine iodine of 
infants and milk iodine of lactating women (r = 0.526, p = 0.000)…. Total 15.4% women's TSH were 
abnormal. Most of these women's urinary iodine were lower than 150 microg/L.  

Iodine Content of prenatal multivitamins in the United States. NEJM. 2009;360:939-940.  The amount of iodine 
on the label was found not to be a good indicator of the amount in the product;  in most cases it was less than 
stated and in some cases more. Kelp-based products were less reliable than products using potassium iodide. 
127 non-prescription and 96 prescription prenatal vitamins were identified. 69% of non-prescription but only 
28% of prescription products contained iodine at all, according to the label. 13 brands contained levels that were 
discordant by 50% or more with the amount on the label.  

Iodine levels and thyroid hormones in healthy pregnant women and birth weight of their offspring. 
Eur J Endocrinol. 2009 Mar;160(3):423-9.  Studied 239 women who had thyroid function and UIC at the first 
and third trimesters available. Conclusions: The present study suggests that iodine status during pregnancy may 
be related to prenatal growth in healthy women. 

A study for maternal thyroid hormone deficiency during the first half of pregnancy in China. Eur J Clin Invest. 
2009 Jan;39(1):37-42.  

Prenatal induced chronic dietary hypothyroidism delays but does not block adult-type Leydig cell development. 
Am J Physiol Endocrinol Metab. 2009 Feb;296(2):E305-14.  

Iodine deficiency in pregnancy and the effects of maternal iodine supplementation on the offspring: a review.  
Am J Clin Nutr. 2009 Feb;89(2):668S-72S. The World Health Organization (WHO) recently increased 
their recommended iodine intake during pregnancy from 200 to 250 microg/d and suggested that a 
median urinary iodine (UI) concentration of 150-249 microg/L indicates adequate iodine intake in 
pregnant women. Thyrotropin concentrations in blood collected from newborns 3-4 d after birth may be a 
sensitive indicator of even mild iodine deficiency during late pregnancy; a <3% frequency of thyrotropin values 
>5 mU/L indicates iodine sufficiency. New reference data & a simple collection system may facilitate use of the 
median UI concentration as an indicator of iodine status in newborns. In areas of severe iodine deficiency, 
maternal & fetal hypothyroxinemia can cause cretinism and adversely affect cognitive development in children; 
to prevent fetal damage, iodine should be given before or early in pregnancy. Whether mild-to-moderate 
maternal iodine deficiency produces more subtle changes in cognitive function in offspring is unclear; no 
controlled intervention studies have measured long-term clinical outcomes. Cross-sectional studies have, with 
few exceptions, reported impaired intellectual function & motor skills in children from iodine-deficient areas, 
but many of these studies were likely confounded by other factors that affect child development. In countries or 
regions where <90% of households are using iodized salt & the median UI concentration in school-age children 
is <100 microg/L, the WHO recommends iodine supplementation in pregnancy and infancy. 

Iodine status of pregnant women and their progeny in the Minho Region of Portugal. Thyroid. 2009 
Feb;19(2):157-63. … in Portugal, a country that the International Council for Control of Iodine Deficiency 
Disorders considered, in 2004, to have probably reached iodine sufficiency. … [Results of this study]   suggest 
that iodine supplementation should be implemented throughout pregnancy and lactation in Portugal. 

Gestational thyroid function abnormalities in conditions of mild iodine deficiency: early screening versus 
continuous monitoring of maternal thyroid status Eur J Endocrinol. 2009 Jan 29. Conclusions: In mildly ID 
areas thyroid function testing early in gestation seems to be only partly effective in identifying thyroid 
underfunction in pregnant women. Indeed, in our series more than 40% hypothyroid women would not have 
been diagnosed had we limited our observation to early thyroid function tests alone. Although thyroid 
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autoimmunity carried a 5-fold increased risk of hypothyroidism, iodine deficiency seems to be a major 
determinant in the occurrence of thyroid underfunction. Adequate iodine supplementation should be strongly 
recommended to meet the increased hormone demand over gestation.  

Colostrum iodine and perchlorate concentrations in Boston-area women: a cross-sectional study. Clin Endocrol 
(Oxf). 2009 Feb;70(2):326-30 OBJECTIVE: To measure levels of colostrum iodine, which has not been previously 
measured… RESULTS: Sufficient colostrum was obtained to measure iodine in 61 samples … . Median colostrum 
iodine content was 51.4 micromol/l (range 21.3-304.2 microg/l)., CONCLUSIONS: Iodine is present in human 
colostrum and thus available for breastfeeding infants immediately after birth.  

CB Note:  
These researchers report that the median colostrum iodine content was 51.4 micromol/l, with a very wide range 
(21.3-304.2). As described earlier (Breastfeeding and maternal and infant iodine nutrition. Clin Endocrinol (Oxf). 
2008 Oct 6.) in areas of iodine sufficiency breast milk iodine concentration should be in the range of 100-150 
mug/dL. That means that we must interpret this research as indicating that colostrum can and does contain iodine, 
but the amount is generally often well below the level found in the milk of women who are iodine sufficient. It 
would be interesting to evaluate the colostrum iodine content among women who have biochemical evidence of 
being iodine sufficient versus those who are not. In any case, it appears that like milk, the iodine content of 
colostrums varies significantly, most likely depending on the mother’s state of adequacy or inadequacy. Iodine is 
clearly one more nutrient for which we must not assume that mother’s milk or colostrum will automatically 
deliver the necessary level to the baby if mother’s own iodine status is poor.  At the same time, it is also now 
clear that we must not assume that her iodine status is adequate. This will require some serious re-thinking of 
our current maternal-child nutrition recommendations in order to assure iodine adequacy for all.  

Thyroid disorders during pregnancy .Dtsch Med Wochenschr. 2009 Jan;134(3):83-6. 

Is maternal diet supplementation beneficial? Optimal development of infant depends on mother's diet. 
Am J Clin Nutr. 2009 Feb;89(2):685S-7S . … Whatever the limitations of our current state of knowledge, it is 
apparent that pregnancy and lactation are periods during which good nutrition is exceptionally important. The infant 
is not protected from the inadequate diet of the mother. 

Maternal milk concentration of zinc, iron, selenium, and iodine and its relationship to dietary intakes. Biol Trace 
Elem Res. 2009 Jan;127(1):6-15. … Rio Grande WIC: The lactating mothers consumed significantly less Zn, Se, 
and I when compared to the Recommended Dietary Allowances (RDA) even though Fe intake was higher than the 
RDA value. Breast milk concentration of Zn, Fe, and Se were in agreement within the range of representative values 
for Constituents of Human Milk but Iodine was at significantly lower concentration than the representative value. 

 

2008 

Iodine status of the U.S. population, National Health and Nutrition Examination Survey 2003-2004. Thyroid. 2008 
Nov;18(11):1207-14. BACKGROUND: Since 1971, the general U.S. population has been monitored for dietary 
iodine sufficiency by urinary iodine (UI) measurements through the National Health and Nutrition Examination 
Survey (NHANES). This report presents the UI levels for the population participating in NHANES 2003-2004. It is 
the third assessment of the U.S. population since NHANES III (1988-1994), when the median UI level was observed 
to decrease from NHANES I (1971-1974). METHODS: In 2003-2004, a stratified, multistage, probability sample of 
approximately 5000 participants per year were selected to participate in NHANES Household interviews, and 
specimen collection were performed. UI level was measured by inductively coupled plasma mass spectrometry on a 
random subsample of 2526 participants aged 6 years and older. RESULTS: The median UI level for the general 
U.S. population in 2003-2004 was 160 microg/L (95% confidence interval [CI] 146-172), and 11.3 +/- 1.8% of the 
population had a UI level below 50 microg/L. Children had a higher UI level than adolescents and adults. Among 
all (pregnant and nonpregnant) women of reproductive age, the median UI level was 139 microg/L (95% CI 



 15

117-156), 15.1 +/- 3.2% women had a UI level <50 microg/L, and Non-Hispanic blacks in this group had a lower 
UI level than other racial/ethnic groups. CONCLUSIONS: These findings affirm the stabilization of the UI level 
and the adequate iodine nutrition in the GENERAL U.S. population since 2000. Future surveys designed to 
achieve UI levels representative of pregnant women can improve the estimate of iodine sufficiency in this 
population subgroup. Continued monitoring of the population for iodine sufficiency is warranted because of 
groups at risk for iodine deficiency disorders.   

CB note:  

Some key points from the above report that I don’t want to get lost:  Although the average UI in this large US study 
(160 mcg/L) was interpreted as reflecting adequacy of iodine, the median UI level for women  was 139;  in 
several studies a UI of <150 is described as indicating iodine deficiency.  There are many issues about how 
iodine sufficiency is assessed, but it looks like an important observation to mark that even if the “general” US 
population is fine, women (pregnant or not) are much less likely to achieve the value the NHANES researchers 
describe as adequate iodine status. Additionally, note that they also report that about 15% of women had a UI of 
<50!  Fifteen percent of the women is a lot of people (some at reproductive age) with seriously poor iodine status.  

Iodine status and thyroid volume changes during pregnancy: results of a survey in Aran Valley (Catalan Pyrenees, 
Spain.) J Endocrinol Invest. 2008 Oct;31(10):851-5  The Aran Valley has a long-standing history of iodine 
deficiency. … As of 2000,  iodine deficiency among pregnant women in the Aran Valley was still very high…    
preconceptional supplements with iodine are required for its prevention. 

Perinatal and chronic hypothyroidism impair behavioural development in male and female rats. Exp Physiol. 2008 
Nov;93(11):1199-209.  

Perinatal iodine deficiency in the Far East.  Vopr Pitan. 2008;77(5):65-8. 

Maternal and infant thyroid disorders and cerebral palsy.  Semin Perinatol. 2008 Dec;32(6):438-4. … A major 
research priority should be to assess the effects on CP risk of thyroid supplementation in transient hypothyroxinemia 
of prematurity. Iodine deficiency can be addressed by inexpensive and well-established public health measures, and 
thyroid hormone deficiency can be addressed by inexpensive and well-established clinical measures. If a causal 
chain can be established that links iodine and thyroid hormone to risk of CP, the potential for introducing very cost-
effective ways of reducing the burden of CP will be considerable. 

Iodine balance, iatrogenic excess, and thyroid dysfunction in premature newborns. Semin Perinatol. 2008 Dec;32(6): 
407-12 … The iodine intake of newborns is entirely dependent on the iodine content of breast milk and the formula 
preparations used to feed them. An inadequate iodine supply (deficiency and excess) might be especially dangerous 
in the case of premature babies. The minimum recommended dietary allowance is different depending on age 
groups. The iodine intake required is at least 15 microg/kg/d in full-term infants and 30 microg/kg/d in 
preterms. Premature infants are in a situation of iodine deficiency, precisely at a stage of psychomotor and neural 
development that is extremely sensitive to alterations of thyroid function. 

Iodine deficiency in 2007: global progress since 2003. Food Nutr Bull. 2008 Sep;29(3):195-202  Conclusions: Global 
progress in controlling iodine deficiency has been made since 2003, but efforts need to be accelerated in order to 
eliminate this debilitating health issue that affects almost one in three individuals globally. Surveillance systems 
need to be strengthened to monitor both low and excessive intakes of iodine. 

Micronutrient status, cognition and behavioral problems in childhood. Eur J Nutr. 2008;47 Suppl 3:38-50.  

Reference values for neonatal thyroid volumes in a moderately iodine-deficient area. J Endocrinol Invest. 2008 
Jul;31(7):642-6. The reference ranges of thyroid volumes in neonates vary according to the iodine status of a 
specific region. In different studies, it ranged between 0.47 and 1.62 ml. It has been previously shown that Bursa 
city was a moderately iodine-deficient area. We therefore aimed at determining normal reference ranges of neonatal 
thyroid volumes in our moderately iodine-deficient area. … Conclusion: Normal thyroid volumes in neonates vary 
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between different regions. Local reference values should be used in thyroid volume assessment. Our results are in 
concordance with the literature and can be used as reference values for our region.   

CB note:  

These researchers (above) found that in their “moderately iodine -deficient area” neonates have evidence of poorer 
iodine status (i.e. larger thyroid volume) than elsewhere.  They appear to suggest using a local regional average to 
assess inadequacy to better reflect their population. However, just re-labeling poor iodine status as “OK for around 
here” is unlikely to be helpful.  Establishing lower iodine reference values as regionally “normal” because they 
are commonly seen seems like a recipe for missing infants at risk.  It reminds me of the old vitamin D tables that 
gave significantly lower blood levels as “normal” if the measurement was done in the winter. It was “normal” only 
in the mathematical sense of the word because deficiency was in fact very common in the winter especially. 
However, as we have been learning in the vitamin D world, “averages” and “normal values” in this situation are not 
the same thing as “healthiest” values.   

 

Iodine deficiency, more than cretinism and goiter. Med Hypotheses. 2008 Nov;71(5):645-8. Recent reports of the World 
Health Organization show iodine deficiency to be a worldwide occurring health problem. … iodine deficiency may 
give rise to clinical symptoms of hypothyroidism without abnormality of thyroid hormone values. [Hypothesis 
discussed here that there may be a relationship] between iodine deficiency and obesity, attention deficit 
hyperactivity disorder (ADHD), psychiatric disorders, fibromyalgia, and malignancies.     

Iodine prophylaxis using iodized salt and risk of maternal thyroid failure in conditions of mild iodine deficiency. 
J Clin Endocrinol Metab. 2008 Jul;93(7):2616-21. 

Inadequate iodine nutrition of pregnant women from Extremadura [Spain] Eur J Endocrinol. 2008 Oct;159(4):439-45. 

Iodine deficiency disorders and their prevention in India. Rev Endocr Metab Disord. 2008 Sep;9(3):237-44. New 
insights on the high prevalence of functional decompensation of the thyroid among newborn and children from 
several states of India as well as neighbouring countries of Nepal and Bhutan helped to prevent nutritional iodine 
deficiency and iodine deficiency disorders through country-wide iodized salt prophylaxis. Presently on the basis of 
scientific studies, salt iodization in India is saving millions of children from neonatal hypothyroidism related 
psycho-physical retardation. 

Can neonatal TSH screening reflect trends in population iodine intake. Thyroid. 2008 Aug;18(8):883-8. The 
distribution of neonatal blood thyroid-stimulating hormone (TSH) concentrations has been used as an index 
reflecting population dietary iodine intake, with higher concentrations being indicative of lower iodine intake. We 
examined this distribution in neonates born in Ireland, where the pregnant population has shown a recent decline in 
urinary iodine (UI) excretion. … Conclusions: These data support a link between fetal thyroid function and a fall in 
maternal iodine intake. While the findings of the proportion of blood TSH values >5.0 mIU/L exclude severe 
maternal or fetal iodine deficiency, a trend toward increasing TSH may provide an early indication of impending 
iodine deficiency. The findings assume greater importance in the context of declining UI reported from many 
developed countries even where the proportion of blood TSH values >5.0 mIU/L is <3%, thus excluding severe 
maternal and fetal iodine deficiency. 

Neurodevelopmental and neurophysiological actions of thyroid hormone. J Neuroendocrinol. 2008 Jun;20(6):784-94   
For over 100 years, thyroid hormones have been known to be essential for neonatal neurodevelopment but whether 
they are required by the foetal brain remains a matter  of controversy. For decades, the prevailing view was that 
thyroid hormones are not necessary until after birth because circulating levels in the foetus are very low and the 
placenta forms an efficient barrier to their transfer from the mother. …  It is now clear that thyroid hormones are 
essential for both foetal and post-natal neurodevelopment and for the regulation of neuropsychological function in 
children and adults. … 
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Methods to assess iron and iodine status. Br J Nutr. 2008 Jun;99 Suppl 3:S2-9. Four methods are recommended for 
assessment of iodine nutrition: urinary iodine concentration, the goitre rate, and blood concentrations of thyroid 
stimulating hormone and thyroglobulin. These indicators are complementary, in that urinary iodine is a sensitive 
indicator of recent iodine intake (days) and thyroglobulin shows an intermediate response (weeks to months), 
whereas changes in the goitre rate reflect long-term iodine nutrition (months to years). Spot urinary iodine 
concentrations are highly variable from day-to-day and should not be used to classify iodine status of individuals. 
International reference criteria for thyroid volume in children have recently been published and can be used for 
identifying even small goitres using thyroid ultrasound. Recent development of a dried blood spot thyroglobulin 
assay makes sample collection practical even in remote areas. Thyroid stimulating hormone is a useful indicator 
of iodine nutrition in the newborn, but not in other age groups.  

Iodine: deficiency and therapeutic considerations. Altern Med Rev. 2008 Jun;13(2):116-27.  … The safety of 
therapeutic doses of iodine above the established safe upper limit of 1 mg is evident in the lack of toxicity in the 
Japanese population that consumes 25 times the median intake of iodine consumption in the United States. … 

The many reasons why goiter is seen in old paintings. Thyroid. 2008 Apr;18(4):387-93. 
 
The results of the "tiromobil" epidemiological trial of pregnant women in the Russian Federation. Ter Arkh. 

2008;80(2):78-81. CONCLUSION: Most of the pregnant women in the regions studied were at risk of diseases 
associated with iodine deficiency. Prevention of iodine deficiency is not adequate. 

Analysis of food supplements containing iodine: a survey of Italian market[in Italy]. Clin Toxicol (Phila). 2008 
Apr;46(4):282-6. Aim: Compare claimed concentrations of iodine with measured ones in various iodine-
supplemented products …  Analytical values resembled those declared in the label in fewer than half of the 
examples… Labeling of iodine-rich food supplements appears to be unreliable … 

Iodine in breast milk of nursing mother in normal and with premature birth. Vopr Pitan. 2008;77(6):75-8. Iodine 
content in breast milk depends on the consumption level of iodine. Iodine deficiency in mothers results in 
inadequate iodine status of neonates. Iodine supplements at any gestation stage normalized iodine content in breast 
milk. [Study done in Russia.] 

Naturally occurring iodine in humic substances in drinking water in Denmark is bioavailable and determines 
population iodine intake. Br J Nutr. 2008 Feb;99(2):319-25.    

Breastfeeding and maternal and infant iodine nutrition. Clin Endocrinol (Oxf). 2008 Oct 6. Thirty six MEDLINE 
studies between 1960 – 2007.Conclusions: Adequate concentration of iodine in breast milk is essential to provide for 
optimal neonatal thyroid hormone stores and to prevent impaired neurological development in breastfed neonates. In 
many countries of the world, low iodine content of the breast milk indicates less than optimum maternal and infant 
iodine nutrition. The current WHO/ICCIDD/UNICEF recommendation for daily iodine intake (250 mug for 
lactating mothers) has been selected to ensure that iodine deficiency does not occur in the postpartum period and 
that the iodine content of the milk is sufficient for the infant's iodine requirement. 

Intake of iodine and perchlorate and excretion in human milk. Environ Sci Technol. 2008 Nov 1;42(21):8115-21.   

Treating iodine deficiency: long-term effects of iodine repletion on growth and pubertal development in school-age 
children. Thyroid. 2008;18(4):449-54.[Azerbaijan] Long-term correction of severe ID leads to sustained improvement 
of linear growth accompanied by a normalization of the time of onset of pubertal development for both sexes. 

The complex hygienic characteristics preventive iodine deficiency in population of Siberia.  Vopr Pitan. 2008;77(2):59-
63. … The study showed that 58.3-88.1% of examined children … suffer from iodine deficiency. …Preventable iodine 
deficiency … is the reason for many illnesses.  It is an important and until now an unresolved problem of the 
Krasnoyarsk areas. 

Status of iodine nutrition of children until 1 year: consequences on the thyroid function. Arch Pediatr. 2008 Aug;15 
(8):1276-82. Iodine status is not optimal in French population of hospitalized children in the first year. They also 
found no clear relationship between iodine status and thyroid function. 
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Intake of  iodine and perchlorate and excretion in human milk. Environ Sci Technol. 2008 Nov 1;42(21):8115-21.  

Iodine prophylaxis using iodized salt and risk of maternal thyroid failure in conditions of mild iodine deficiency. J 
Clin Endocrinol Metab. 2008 Apr 15 

 
Transient neonatal hypothyroidism due to amiodarone administration during pregnancy--two cases report and 

review of literature. Arq Bras Endocrinol Metabol. 2008 Feb;52:126-30. 
 
Iodine deficiency in pregnant women residing in an area with adequate iodine intake. Nutrition. 2008 May;24(5):458-

61.Conclusion: This observational study demonstrated that, despite the adequate supplementation of iodine intake, 
most pregnant women appear not to be protected against iodine deficiency. If confirmed in larger case studies, this 
finding claims the attention of relevant professionals to monitor iodine nutrition during gestation, assuming that 
ordinary supplementation of iodine intake seems to be sufficient only in non-gestational conditions. 

 
Establishment of reference range for thyroid hormones in normal pregnant Indian women. BJOG. 2008 

Apr;115(5):602-6 
 
Iodide concentrations in matched maternal serum, cord serum, and amniotic fluid from preterm and term human 

pregnancies. Reprod Toxicol. 2008 Jan;25(1):129-32. 
 
The influence of gestational stage on urinary iodine excretion in pregnancy. J Clin Endocrinol Metab. 2008 

May;93(5):1737-42. 
 
Association of first-trimester thyroid function test values with thyroperoxidase antibody status, smoking, and 

multivitamin use. Endocr Pract. 2008 Jan-Feb;14(1):33-9. 
 
Hypothyroidism and pregnancy: impact on mother and child health.  Ann Biol Clin (Paris). 2008;66(1):43-51. 
 
Amniotic fluid iodine concentrations do not vary in pregnant women with varying iodine intake. Br J Nutr. 2008 

21:1-4 
 
2007 
 
Reaching optimal iodine nutrition in pregnant and lactating women and young children: programmatic 

recommendations. Public Health Nutr. 2007 Dec;10(12A):1527-9. 
 
Prevention and control of iodine deficiency in pregnant and lactating women and in children less than 2-years-old: 

conclusions and recommendations of the technical consultation. Public Health Nutr. 2007 Dec;10(12A):1606-11 
 
The goitre rate, its association with reproductive failure, and the knowledge of iodine deficiency disorders (idd) 

among women in ethiopia: cross-section community based study. BMC Public Health. 2007 Nov 8;7(147):316.  
 
The impact of iodised salt or iodine supplements on iodine status during pregnancy, lactation and infancy. Public 

Health Nutr. 2007 Dec;10(12A):1584-95. 
 
Reproductive age in the United States Of America. Public Health Nutr. 2007 Dec;10:1532-9; Discuss  1540-1. 
 
The importanceof iodine nutrition during pregnancy. Public Health Nutr. 2007 Dec;10(12A):1542-6. Conclusions: 

Iodine prophylaxis should be given systematically to women during pregnancy. In most public health programmes 
dealing with the correction of iodine deficiency disorders, iodised salt has been used as the preferred means to 
deliver iodine to households. Iodised salt, however, is not the ideal means of delivering iodine in the specific 
instances of pregnancy, breast-feeding and complementary feeding because of the need to limit salt intake during 
these periods. In European countries, presently it is proposed that iodine is given to pregnant women and breast-
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feeding mothers by systematically administering multivitamin tablets containing iodine in order to reach the 
recommended dietary allowance of 250 microg iodine day-1. 

  
Iodine requirements during pregnancy, lactation and the neonatal period and indicators of optimal iodine Nutrition. 

Public Health Nutr. 2007;10(12A):1571-80; Discussion 1581-3.Conclusions: Pregnant women and young infants, 
but especially the second group, are more sensitive to the effects of an iodine deficiency (ID) than the general 
population because their serum thyroid-stimulating hormone (TSH) and thyroxine are increased and decreased, 
respectively, for degrees of ID that do not seem to affect thyroid function in the general population. Systematic 
neonatal thyroid screening using primary TSH could be the most sensitive indicator to monitor the process of ID 
control. 

  
Iodine deficiency and brain development in the first half of pregnancy. public health nutr. 2007;10 (12A): 1554-70. An 

inadequate supply of iodine during gestation results in damage to the foetal brain that is irreversible by mid-
gestation unless timely interventions can correct the accompanying maternal hypothyroxinemia. Even mild to 
moderate maternal hypothyroxinemia may result in suboptimal neurodevelopment. This review mainly focuses on 
iodine and thyroid hormone economy up to mid-gestation, a period during which the mother is the only source for 
the developing brain of the foetus. The cerebral cortex of the foetus depends on maternal thyroxine (T4) for the 
production of the 3',3,5-tri-iodothyronine (T3) for nuclear receptor-binding and biological effectiveness.Maternal 
hypothyroxinemia early in pregnancy is potentially damaging for foetal brain development. Direct evidence has 
been obtained from experiments on animals: even a relatively mild and transient hypothyroxinemia during 
corticogenesis, which takes place mostly before mid-gestation in humans, affects the migration of radial neurons, 
which settle permanently in heterotopic locations within the cortex and hippocampus. Behavioural defects have also 
been detected.The conceptus imposes important early changes on maternal thyroid hormone economy that 
practically doubles the amount of T4 secreted something that requires a concordant increase in the availability of 
iodine, from 150 to 250-300 microg I day- 1. Women who are unable to increase their production of T4 early in 
pregnancy constitute a population at risk for having children with neurological disabilities. As a mild to moderate 
iodine deficiency is still the most widespread cause of maternal hypothyroxinemia, the birth of many children with 
learning disabilities may be prevented by advising women to take iodine supplements as soon as pregnancy starts, or 
earlier if possible, in order to ensure that their requirements for iodine are met. 

 
Iodine deficiency, iodine content of salt and knowledge of iodine supplementation in the Dominican Republic. 

J Trop Pediatr. 2007 Jun;53(3):214-6. 
The declaration of nutrition, health, and intelligence for the child-to-be. Nutr Health. 2007;19:85-102. 
 
Increase in congenital hypothyroidism in new york state and in the United States.  Mol Genet Metab. 2007 

Jul;91(3):268-77. Mandated screening of newborns for congenital hypothyroidism (CH) in NYS was initiated in 
l978. Currently, every newborn screening program in the U.S. includes CH in its panel. Between 1978 and 2005, 7.4 
million newborns were screened for CH in NYS. In NYS, between 1978 and 2005, the incidence of CH has 
increased by 138%. Nationwide (excluding NYS data), with nearly 58 million infants screened between 1987 and 
2002, the incidence has increased 73% between 1987 and 2002. These data and possible reasons for the increases 
are discussed, though no definitive causes are identified. 

 
Iodine supplementation during pregnancy: a public health challenge. Trends Endocrinol Metab. 2007 Nov;18(9): 338-

43. Iodine deficiency remains the most frequent cause worldwide, after starvation, of preventable mental retardation 
in children. It causes maternal hypothyroxinemia, which affects pregnant women even in apparently iodine-
sufficient areas, and often goes unnoticed because L-thyroxine (T4) levels remain within the normal range, and 
thyroid-stimulating hormone (TSH) is not increased. Even a mild hypothyroxinemia during pregnancy increases the 
risk of neurodevelopmental abnormalities, and experimental data clearly demonstrate that it damages the cortical 
cytoarchitecture of the fetal brain. The American Thyroid Association (ATA) recommends a supplement of 150 
microg iodine/day during pregnancy and lactation, in addition to the use of iodized salt. We discuss the importance 
of iodine supplementation to ensure adequate T4 levels in all women who are considering conception and 
throughout pregnancy and lactation. 

 
Evaluating iodine deficiency in pregnant women and young infants-complex physiology with a risk of 

misinterpretation. Public Health Nutr. 2007 Dec;10(12A):1547-52; Discussion 1553. 
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The adverse effects of mild-to-moderate iodine deficiency during pregnancy and childhood: a review. Thyroid. 2007 

Sep;17(9):829-35. Iodine is required for the production of thyroid hormones, which are essential for normal brain 
development, and the fetus, newborn, and young child are particularly vulnerable to iodine deficiency. The iodine 
requirement increases during pregnancy and recommended intakes are in the range of 220-250 microg/day. 
Monitoring iodine status during pregnancy is a challenge. New recommendations from World Health Organization 
suggest that a median urinary iodine concentration >250 microg/L and <500 microg/L indicates adequate iodine 
intake in pregnancy. Based on this range, it appears that many pregnant women in Western Europe have inadequate 
intakes. A recent Swiss study has suggested that thyroid-stimulating hormone concentration in the newborn is a 
sensitive indicator of mild iodine deficiency in late pregnancy. The potential adverse effects of mild iodine 
deficiency during pregnancy are uncertain. Controlled trials of iodine supplementation in mildly iodine-deficient 
pregnant women suggest beneficial effects on maternal and newborn serum thyroglobulin and thyroid volume, but 
no effects on maternal and newborn total or free thyroid hormone concentrations. There are no long-term data on the 
effect of iodine supplementation on birth outcomes or infant development. New data from well-controlled studies 
indicate that iodine repletion in moderately iodine-deficient school-age children has clear benefits: it improves 
cognitive and motor function; it also increases concentrations of insulin-like growth factor 1 and insulin-like growth 
factor-binding protein 3, and improves somatic growth. 

 
National trends in iodine nutrition: is everyone getting enough? Thyroid. 2007 Sep;17(9):823-7. Iodine deficiency is an 

important public health problem worldwide. Until the 1920s, endemic iodine deficiency disorders were prevalent in 
the Great Lakes, Appalachian, and Northwestern regions of the United States. Iodized salt was responsible for elim-
inating endemic goiter in the United States & remains the mainstay of iodine deficiency disorder eradication efforts 
worldwide. Although urinary iodine values have decreased by 50% since the early 1970s, the USA remains iodine 
sufficient. However, U.S. iodine nutrition, particularly among women of childbearing age, may remain an area 
worthy of public health concern. There is a wide amount of variation in the iodine content of some common foods, 
& the iodine content of foods is not well reflected by package labeling. There needs to be increased awareness of the 
importance of adequate iodine nutrition, particularly during pregnancy & lactation, among the U.S. public. 

 
Iodine nutrition in pregnancy and lactation in Iran. Public Health Nutr. 2007 Dec;10(12A):1596-9.  The currently 

recommended intake of iodine through universal salt iodization may not be adequate for pregnant & lactating 
women, & supplementation during pregnancy & lactation should be further considered in light of the latest 
recommendations. 

Iodine nutrition of pregnant and lactating women in Hong Kong, where intake is of borderline sufficiency. Public 
Health Nutr. 2007 Dec;10(12A):1600-1 The currently recommended intake of iodine through universal salt 
iodization may not be adequate for pregnant and lactating women, and supplementation during pregnancy and 
lactation should be further considered in light of the latest recommendations. 

 
Obstetric management of thyroid disease. Obstet Gynecol Surv. 2007 Oct;62(10):680-8; Quiz 691. 
 
Thyroid disorders in pregnancy and after delivery. Przegl Lek. 2007;64(3):159-64. 
 
Reaching optimal iodine nutrition in pregnant and lactating women and young children: programmatic 

recommendations. Public Health Nutr. 2007 Dec;10(12A):1527-9. 

Reflections on mental retardation and congenital hypothyroidism: effects of trace mineral deficiencies.  Sante. 2007 
Jan-Mar;17(1):41-50. 

 
Assessment of intertrimester and seasonal variations of urinary iodine concentration during pregnancy in an iodine-

replete area. Clin Endocrinol (Oxf). 2007 Oct;67(4):577-81. 
 
Chronic maternal dietary iodine deficiency but not thiocyanate feeding affects maternal reproduction and postnatal 

performance of the rat. Indian J Exp Biol. 2007 Jul;45:603-9. 
 
Thyroid hormones, learning and memory. Genes Brain Behav. 2007 Jun;6 Suppl 1:40-4. Thyroid hormones (THs), T3 

& T4, have many physiological actions & are essential for normal behavioral, intellectual & neurological 
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development. THs have a broad spectrum of effects on the developing brain & mediate important effects within the 
CNS throughout life. Insufficient maternal iodine intake during gestation & TH deficiency during human 
development are associated to pathological alterations such as cretinism & mental retardation. In adulthood, thyroid 
dysfunction is related to neurological & behavioral abnormalities, including memory impairment. Analysis of 
different experimental models suggests that most of the effects on cognition as a result of thyroid dysfunction rely 
on hippocampal modifications. Insufficiency of THs during development thus alters hippocampal synaptic function 
and impairs behavioral performance of hippocampal-dependent learning and memory tasks that persist in euthyroid 
adult animals. In the present review, we summarize the current knowledge obtained by clinical observations & 
experimental models that shows the importance of THs in learning & mnemonic processes. 

 
Iodine and thyroid hormones during pregnancy and postpartum. Gynecol Endocrinol. 2007  Jul;23:414-28. Iodine is a 

trace element essential for synthesis of the thyroid hormones, triiodothyronine & thyroxine. These hormones play a 
vital role in the early growth & development stages of most organs, especially the brain. The World Health Organi-
zation has declared that, after famine, iodine deficiency is the most avoidable cause of cerebral lesions including 
different degrees of mental retardation & cerebral paralysis. The main function of iodine in vertebrates is to interact 
with the thyroid hormones. During pregnancy sufficient quantities of iodine are required to prevent the appearance 
of hypothyroidism, trophoblastic & embryonic or fetal disorders, neonatal & maternal hypothyroidism, & permanent 
sequelae in infants. Thyroid hormone receptors &  iodothyronine deiodinases are present in placenta & central 
nervous tissue of the fetus. A number of environmental factors influence the epidemiology of thyroid disorders, & 
even relatively small abnormalities & differences in the level of iodine intake in a population have profound effects 
on the occurrence of thyroid abnormalities. The prevalence of disorders related to iodine deficit during pregnancy & 
postpartum has increased. Iodine supplementation is an effective measure in the case of pregnant & lactating 
women. However, it is not implemented & the problem is still present even in societies with theoretically advanced 
health systems. During pregnancy & postpartum, the WHO recommends iodine intake be increased to at least 200 
mcg/day. Side-effects provoked by iodine supplementation are rare during pregnancy at the recommended doses. 

 
Iron deficiency predicts poor maternal thyroid status during pregnancy. J Clin Endocrinol Metab. 2007 Sep;92 

(9):3436-40. Pregnant women are often iron deficient, and iron deficiency has adverse effects on thyroid 
metabolism. Impaired maternal thyroid function during pregnancy may cause neurodevelopmental delays in the 
offspring. Our objective was to investigate whether maternal iron status is a determinant of TSH and/or total T(4) 
(TT4) concentrations during pregnancy. …Conclusion: Poor maternal iron status predicts both higher TSH and 
lower TT4 concentrations during pregnancy in an area of borderline iodine deficiency. 

To correct iodine deficiency in pregnancy: another salutary lesson from Tasmania. Med J Aust. 2007 Jun 
4;186(11):574-6. 

 
The diagnostic criteria of graves' disease and especially the thyrotropin receptor antibody; our own experience. Hell 

J Nucl Med. 2007 May-Aug;10(2):89-94. 
 
Subclinical hypothyroidism and pregnancy. J Gynecol Obstet Biol Reprod (Paris). 2007 Nov;36(7):688-93. 
 
Iodine supplementation for pregnancy and lactation: United States and Canada: recommendations of the american 

thyroid association. Thyroid. 2007 May;17(5):483-4. 
 
Placental tissue iodine level and blood magnesium concentration in pre-eclamptic and normal pregnancy. Int J 

Gynaecol Obstet. 2007 Aug;98(2):100-4. Results: Placental tissue iodine levels were lower in women with severe 
pre-eclampsia than in healthy pregnant …as were blood magnesium levels ….There was a positive correlation 
between placental tissue iodine levels and blood magnesium levels in women with severe pre-eclampsia (r=0.55, 
P<0.05), but no such correlation was observed in healthy pregnant women (r=0.23, P=0.41). Conclusion: Mg 
assimilation is known to be defective when iodine levels are insufficient. In northeast Anatolia, where iodine 
deficiency is common, clinical trials of iodine supplementation should be considered for pre-eclamptic therapy. 

 
Clinical and biological consequences of iodine deficiency during pregnancy. Endocr Dev. 2007;10:62-85. The main 

change in thyroid function associated with the pregnant state is the requirement of an increased production of 
thyroid hormone that depends directly upon the adequate availability of dietary iodine & integrity of the glandular 
machinery. In healthy pregnant women, physiological adaptation takes place when the iodine intake is adequate, 
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while this is replaced by pathological alterations when there is a deficient iodine intake. Pregnancy acts typically, 
therefore, as a revelator of underlying iodine restriction. Iodine deficiency has important repercussions for both the 
mother & the fetus, leading to hypothyroxinemia, sustained glandular stimulation & finally goitrogenesis. Further-
more, because severe iodine deficiency may be associated with an impairment in the psychoneurointellectual out-
come in the progeny, because both mother & offspring are exposed to iodine deficiency during gestation (& the 
postnatal period), & because iodine deficiency is still prevalent today in several large regions of the world, iodine 
supplements should be given systematically to pregnant & breastfeeding mothers. Particular attention is required to 
ensure that pregnant women receive an adequate iodine supply, in order to reach the ideal recommended nutrient 
intake of 250 mcg iodine/day. 

 
Autism: transient in utero hypothyroxinemia related to maternal flavonoid ingestion during pregnancy and to other 

environmental antithyroid agents. J Neurol Sci. 2007 Nov 15;262(1-2):15-26.  
 
Smoking and environmental iodine as risk factors for thyroiditis among parous women. Eur J Epidemiol. 

2007;22(7):467-72. 
 

Local blood flow in the dorsal hippocampus and cerebellar cortex in the offspring of iodine-deficient rats. Neurosci 
Behav Physiol. 2007 Jun;37(5):495-8. 

  
Short-term changes in maternal and neonatal urinary iodine excretion. Thyroid. 2007 Mar;17(3):219-22. 
 
General background on the hypothalamic-pituitary-thyroid (hpt) axis. Crit Rev Toxicol. 2007;37(1-2):11-53. 
 
Evaluating the roles of follicle-stimulating hormone receptor polymorphisms in gonadal hyperstimulation 

associated with severe juvenile primary hypothyroidism.  J Clin Endocrinol Metab. 2007 Jun;92(6):2312-7. 
 
Nutrition and the developing brain: nutrient priorities and measurement.  Am J Clin Nutr. 2007;85(2):614S-620S 
 
Effect of the level of iodine in the diet of pregnant ewes on the concentration of  immunoglobulin g in the plasma of 

neonatal lambs following the consumption of colostrum. Br J Nutr. 2007 Feb;97:315-20. 
 
Urine iodine measurements, creatinine adjustment, and thyroid deficiency in an Adult United States population.  J 

Clin Endocrinol Metab. 2007 Mar;92(3):1019-22.Hypothyroidism: From the Desire for Pregnancy to Delivery. 
Gynecol Obstet Fertil. 2007 Mar;35(3):240-8. 

 
Maternal smoking and infant feeding: breastfeeding is better and safer. Matern Child Health J. 2007;11(3):287-91. 
 

2006 
 
Urinary iodide assessment of the adult population in Catalonia. Med Clin (Barc). 2006 Nov 18;127:730-3. 
 
Iodine excretion with urine and thyrotrophic hormone concentration in normal and complicated pregnancies in the 

industrial region of iodine deficiency. Wiad Lek. 2006;59(9-10):612-7. 
 
Radioiodine therapy for women with graves' disease and the risk of foetal hypothyroidism if  they are later found to 

be pregnant. Ned Tijdschr Geneeskd. 2006 Dec 30;150(52):2845-8.   
 

Food restriction induced thyroid changes and their reversal after refeeding in female rats and their pups. Acta Biol 
Hung. 2006 Dec;57(4):391-402. 

 
Effect of environmental iodine deficiency (eid) on foetal growth in Nigeria. Indian J Med Res.2006;124(5):535-44. 
 
Selenium and goiter prevalence in borderline iodine sufficiency. Eur J Endocrinol. 2006 Dec;155(6):807-12. 
 
Brain MR spectroscopy findings in neonates with hypothyroidism born to mothers living in iodine-deficient areas. 

AJNR Am J Neuroradiol. 2006 Nov-Dec;27(10):2083-7. 
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Status of iodine nutrition n france: prevention of iodine deficiency in pregnant and lactating women. Ann Endocrinol 

(Paris). 2006 Sep;67(4):281-6. 
 
Thyroid function and thyroid autoimmunity at the late pregnancy: data from 664 pregnant women.  Zhonghua Fu 

Chan Ke Za Zhi. 2006 Aug;41(8):529-32. 
 
Effects of nutrients (in food) on the structure and function of the nervous system: Update on dietary requirements 

for brain. Part 1: Micronutrients. J Nutr Health Aging. 2006 Sep-Oct;10(5):377-85. 
 
Iodine supplementation for pregnancy and lactation-United States and Canada: Recommendations of the American 

Thyroid Association. Thyroid. 2006;16(10):949-51. The fetus is totally dependent in early pregnancy on maternal 
thyroxine for normal brain development. Adequate maternal dietary intake of iodine during pregnancy is essential 
for maternal thyroxine production & later for thyroid function in the fetus. If iodine insufficiency leads to inadequate 
production of thyroid hormones & hypothyroidism during pregnancy, then irreversible fetal brain damage can result. 
In the USA, the median urinary iodine (UI) was 168 mcg/L in 2001-2, well within the range of normal established 
by the World Health Organization (WHO), but whereas the UI of pregnant women (173 mcg/L; 95% CI 75-229 
mcg/L) was within the range recommended by WHO (150-249 mcg/L), the lower 95% CI was less than 150 mcg/L. 
Therefore, until additional physiologic data are available to make a better judgment, the American Thyroid 
Association recommends that women receive 150 mcg iodine supplements daily during pregnancy and lactation and 
that all prenatal vitamin/mineral preparations contain 150 mcg of iodine. 

 
The function of thyroid gland during the course of pregnancy. Georgian Med News. 2006 Sep;(138):68-70. 
 
Micronutrients in women's reproductive health: II. Minerals and trace elements.  Int J Fertil Womens Med. 2006  

May-Jun;51(3):116-24. 
 

2005 
 
Thyroid hormones and fetal brain development. Minerva Ginecol. 2005 Aug;57(4):367-78. 
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