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Down syndrome and thyroid dysfunction: Should
nutritional support be the first-line treatment?
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Summary Individuals with Down syndrome (DS) not only have increased risk of hypothyroidism, they also tend to
develop a relatively novel mild form of neonatal hypothyroidism. One problem that may predispose those with trisomy
21 to hypothyroidism is the overexpression of the gene DYRK1A, which may have an affect on the thyroid. While
thyroxine supplementation (such as Synthroid) is increasingly being advised for those with DS, this treatment may have
both positive and negative effects. Nutritional support for hypothyroidism offers some of the same benefits as drug
therapy but without the likely negative long-term effects. Early 20th century practitioners used bovine glandulars for
those with DS children, which were believed to help support thyroid function. Some doctors in more recent times have
also included iodine, L-tyrosine, selenium, and zinc. As nutrition for those with DS has been safely used by some
practitioners for many decades, it is suggested that nutritional thyroid support, and not necessarily thyroxine, should
be considered for use as a first line treatment for those with trisomy 21. This paper also hypothesizes that nutritional
interventions begun prenatally by the mother, may possibly also be of benefit.
c 2007 Elsevier Ltd. All rights reserved.



Introduction
People with Down syndrome (DS) are much more
likely to have or develop hypothyroidism than the
general public [1]. Furthermore, it appears that
even neonatates with DS tend to be mildly hypothyroid [2].
In DS (also known as trisomy 21), there is an
extra copy of the 21st chromosome. Many enzymes that are encoded on the extra 21st chromosome are known to be actively transcribed,
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which results in overexpression of these enzymes.
It has been speculated that there is a direct
relationship with the overexpression of the
twenty-first chromosome and the development
of hypothyroidism, perhaps, through genetic
interference with thyroid hormone production
[2] or through oxidative stress [3], which is
increased in those with DS.
Because of the high occurrence of even mild
hypothyroidism, some have advocated thyroxine
therapy for those with DS (e.g. [2,4]).
One clinical manifestation of trisomy 21 is that
both males and females with DS tend to be much
shorter than the non-DS population, even into
adulthood [5]. Interestingly, van Trotsenburg
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et al. have reported that thyroxine (T-4) therapy
begun for neonates appears to improve the growth
and development for those with DS [6].
While there appears to be benefits associated
with thyroxine therapy for those with DS, there
are also a few risks. Since the hormone TSH (thyroid stimulating hormone, also called thyrotropin)
is released when lower levels of T-4 are in the
blood, the taking of thyroxine artificially elevates
serum T-4 levels and hence reduces the anterior
pituitary gland’s production of TSH. Actually one
of the claimed benefits of taking synthetic thyroxine is that it ‘‘is also effective in the suppression of
pituitary TSH secretion. . .’’ [7], but this ‘‘benefit’’
comes with a cost.
Ultimately, the reduction of TSH means that the
thyroid is getting less stimulation to make any of
its hormones, including calcitonin (also referred
to as thyrocalcitonin), monoiodotyrosine (T-1),
and diiodotyrosine (T-2). Triiodothyronine (T-3) is
less of a factor as certain tissues, (especially the
liver) converts T-4 back into T-3 (T-4 can also convert into rT-3, which is believed to be inactive). In
addition to T-4 and T-3, the thyroid also secretes
small amounts of calcitonin and thyroglobin into
the blood – thyroglobin contains T-1, T-2, T-3,
and T-4 [8,9]. The hypothalamus is also be involved
with the thyroid as it secretes the thyrotropinreleasing hormone in response to both TSH and
T-4 [9].
The hormone calcitonin helps prevent calcium
losses from the bones [1] and long-term use of thyroxine-containing medications has been suspected
in increasing the frequency of osteoporosis by some
researchers (i.e. [10–12]), but the results are considered to be inconclusive for men. (Vitamin D variations are also suspect in that hypothyrioid/
hypometabolic people have an aerobic deficit that
counteracts D-disorders of vitamin D metabolic
have been suspected in DS.)
Although T-1 and T-2 are often considered to be
of no metabolic use on their own, some doctors
have long believed that supporting the production
of them nutritionally can improve weakened brain
activity, fatigue, and depression [13] and even assist in weight control. In addition, recent research
is concluding that T-1 and T-2 actually do have biological importance [14].
Thyroxine therapy is relatively safe (though if it
converts to rT-3, it can be ineffective). Yet, it is
accepted that thyroxine therapy can decrease bone
density for women and increase the risk of occult
cardiac disease in older patients with cardiovascular disease (nearly 1/2 of those with DS have some
type of cardiac disorder) [7]. ‘‘Generally, replacement therapy is to be taken for life’’ [7], because
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thyroxine therapy can contribute to thyroid atrophy through interfering with TSH production.
The most common form of thyroid replacement
medicine is Synthroid. Synthroid is composed of
synthetic crystalline tetraiodothyronine (thyroxine, T-4), plus the herb acacia, confectioner’s sugar (with corn starch), lactose monohydrate, talc,
various artificial colors, and other presumed inert
substances [7]. Recognized side effects of thyroxine therapy can include fatigue, increased appetite, weight loss, heat intolerance, excessive
sweating, headache, nervousness, anxiety, irritability, insomnia, tremors, muscle weakness, heart
failure, angina, myocardial infarction, dyspnea,
diarrhea, vomiting, abdominal cramps, hair loss,
decreased bone mineral density, menstrual irregularities, and fever [7].
The prescribing of thyroxine-containing medication is intended to directly replace or supplement
the body’s production of T-4 [7] and indirectly
support the levels of T-3. Thus the prescribing of
thyroxine normally (unless the intention is thyroid-suppression) presupposes that the body is
somehow incapable of producing sufficient quantities of T-4 and T-3 on its own.
But is that presupposition true?
While thyroid support may be beneficial for
nearly every person with DS, it is not clear that thyroxine-containing medications are always the best
option available.
What if the problem is simply one of a deficiency
of key nutrients and/or enzymes needed by the
thyroid?
If so, might nutrition be something to consider?

Nutrition as an intervention strategy
The idea of using nutrition to support the thyroid is
not a new one. Actually, the Chinese have been
using kelp (a high iodine-containing food) as a specific treatment for hypothyroidism, for thousands
of years [15].
The physiological basis of the use of nutrition for
the thyroid is relatively clear as its hormones involve certain key nutrients. T-1 is called monoiodotyrosine (or simply iodotyrosine). T-1 is composed
of iodine and tyrosine that normally come together
after the iodine has been associated with an iodinase enzyme [8]. After it undergoes metabolic processes, which involve more iodine it becomes T-2,
and then some type of coupling occurs to form
T-3 and T-4 [8,9]. The later conversion of T-4 into
T-3 requires a selenium-containing enzyme. Zinc is
also involved. The conversion of T-4 into reverse
T-3 (rT-3) also utilizes selenium.
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Selected thyroid nutrients
Iodine
Many foods contain iodine (such as sea vegetables).
Recent research has confirmed that seaweed
sources do provide bioavailable iodine [16], and
that seaweeds are probably the primary source of
iodine in countries such as Japan [9]. The thyroid
must trap about 60 mcg of iodine each day to maintain an adequate amount of thyroxine and at least
one billion people living in developing countries are
currently believed to be deficient in iodine [17].
The daily RDA for iodine is 150 mcg for adults,
90 mcg for children 1–8, 120 mcg for children from
9–13 [9] and ‘‘the thyroid is the only organ known
to organify iodine’’ [18].
Iodine is the densest of the common halogens
[9]. In one study, van Trotsenburg et al. concluded
that iodine exposure preceding their neonatal
screening was not a cause of mild hypothyroidism
in DS neonatates [19]. Yet, it needs to be understood that iodine is the easiest of the halides to
oxidize, and over-expression of superoxide dismutase (SOD-1) results in decreased superoxide anion
(the enzyme substrate) and increased hydrogen
peroxide (the enzyme byproduct). Hence, for those
with DS, it is likely that more than iodine exposure
needs to be considered. In addition, higher-thannormal demands on selenium reserves caused by
glutathione-peroxidase induction may compromise
selenium-containing deiodination enzymes that
are responsible for peripheral conversion of T-4
into either T-3 or reverse T-3, either of which
might be involved in mild hypothyroidism.

L-Tyrosine
L-Tyrosine

is essential for certain thyroid and
adrenal hormones [8]. It is considered to be a
non-essential amino acid, which means that if
everything is working correctly in the body (which
is not always the case with DS), it can convert
phenylalanine into tyrosine. However, since it has
a synthesis component limited by phenylalanine
oxidation, there appears to be more problems
producing sufficient quantities of L-tyrosine than
other non-essential amino acids [20,21]. And this
is more of a problem in those with DS, probably
because the activity of phenylalanine hydroxylase
is impaired in the liver of those with DS [20].
There are apparently also other tyrosine issues
for those with DS. Even in utero those with DS have
a 50% overexpression of the kinase DYRK1A (DYRK1A is an abbreviation for dual-specificity tyrosine
(Y) regulated kinase 1A), which is partially regulated by tyrosine [22] – it may be that this overex-
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pression of DYRK1A further reduces the available
tyrosine for those with DS. DYRK1A is considered
to be a candidate for causing the mental retardation and some of the other negative side effects
associated with DS [23,24]. It is possible that consumption of supplemental tyrosine or certain peptides might result in reduced DYRK1A levels (as
one such peptide has been successfully tested,
[24]), and hence be of benefit to the DS population—but this needs more study.
Selenium
DS patients may have below-normal plasma levels
of selenium [3,25,26]. This may be a direct consequence of increased incorporation of selenium into
glutathione peroxidase, which is induced to higherthan-normal levels by excessive SOD-mediated
hydrogen peroxide production. Selenium may be
beneficial in DS by protecting the biosynthesis of
thyroxine from free radical attack [3]. Because of
its demonstrated abilities to reduce oxidative
stress, high selenium yeast may be the preferred
form for those with DS [27,28].
‘‘The iodothyronine deiodinases, types I–III are
all selenoproteins. These enzymes catalyze the
deiodination of thyroxine. . .{into} triiodothyronine,
and reverse triiodothyronine and thereby regulate
the concentration of the active hormone triiodothyronine’’ [29]. Kanavin et al. have suggested that
it is the oxidative stress present with DS that reduces available selenium levels and thus is a major
contributor to hypothyroidism in the DS population
[3]. Since selenium is essential for the production
of proper thyroid hormone levels, supplementation
with it may be doubly helpful for those with DS.
Zinc
Reports suggest that DS patients have belownormal plasma levels of zinc [30,31]. Zinc is often
recommended to assist with oxidative stress [32].
‘‘Circulating triiodothyronine and thyroxine are decreased in zinc deficiency, as is the hypothalamic
thyroid-releasing hormone’’ [33]. One found that
zinc reduced TSH by 34% for hypothyroid Down syndrome patients [34], Zinc deficiency may thus account for some of the hypothyroidism in DS.
Other substances: glandulars
While the late Turkel is often considered to have
pioneered the use of nutrition for those with DS,
the fact is that doctors who used glandular nutrition preceded his work by decades. Early practitioners specifically used glandulars for children with
DS to help support thyroid function (including TSH
production) as well as to improve overall development [35].
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Some doctors in more recent times, like the late
Jack Warner (who claimed to have been Turkel’s
selected successor for following his approach for
using nutrition for those with DS) have included
glandulars in their nutritional approaches for those
with DS. It may be of interest to note that Warner,
like van Trotsenberg, claimed that his approach
(which was primarily nutritional) improved delayed
development associated with DS [36]. An independent study by one of this paper’s authors found
that Warner’s protocol did improve the height of
children with DS [37]. Whether this was due to
the glandulars and/or the thyroid-supporting nutrients in Warner’s protocol such as iodine, L-tyrosine, selenium, and zinc was not clear. But it is
interesting to note that both Warner’s nutritionally-based intervention [37] and van Trotsenburg’s
thyroxine-based intervention [6] did result in statistically significant improvements in height for
those with DS.
Regarding glandulars, evidence suggests that
with oral consumption of glandular extracts, a
small percentage (5–10%) of their peptides are
not broken down into their constituent amino acids
but are available for intact absorption in the small
intestine [38–41]. A small amount of these absorbed peptides then circulate and some of them
appear to assist the human body (especially for ill
persons) in performing various anabolic and catabolic processes [38–42]. Howell and others have
reported that the amount of enzymes that pass
through the stomach is between 40% and 50% [43].
Although the use of glandulars has its critics
[4,18,44], a study in the Journal of Surgery showed
that oral pancreatic supplementation resulted in
improved enzyme and growth levels for children
who had a pancreaticoduodenectomy [45]. Oral
consumption of a bovine thymus extract has been
shown to reduce the frequency of recurrent respiratory infections and increase salivary IgA in children [46]. Other glandular substances are used
regularly by the medical community. Additionally,
papers have suggested that bovine glandulars may
be helpful for thyroid support [47], myoclonic seizures [47], anti-inflammatory activities [18], and
immune response [18,48].
It has been specifically claimed that glandulars
may work by having a protective ability against
autoimmune reactions against the related organs,
‘‘Glandulars, said Lee, neutralize such attacks’’
[49,50]. Autoimmune reactions are believed to be
the major cause of primary hypothyroidism in the
non-DS population [1].
It should be noted that many substances contained within animal tissues are similar or identical
to their human counterparts [51–54], including
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certain enzymes [52], hormone biological activities
[54], necessary trace minerals [50,55], and even
T-cell gene regions [53], though commercially
available bovine thyroid (as often used by one of
the authors, 47) does not contain detectable
amounts of T-4 [18]. This is helpful since the highly
prescribed porcine thyroid medication does contain
T-4 and, similarly to thyroxine, can artificially
cause lowered TSH. Perhaps, it should be noted
that no negative long-term side effects are known
to occur with bovine (cow) or ovine (sheep) glandular extracts [56]. Note: research performed a century ago concluded that because of immune
response and other factors, extracts from ruminants (cows/sheep) were often preferable over
other sources for humans [50,57].
The reason that the best most commercially available bovine thyroid tissue is low-temperature dried
is so it will contain its natural thyroid enzymes
[49]. These thyroid enzymes would be expected to
play a role in the organification of iodine, the utilization of tyrosine, and the production of all the known
thyroid hormones. Few metabolic processes occur in
the human body without specific enzymes [43]. It
may be that thyroid glandulars contain substances
that may help normalize DYRK1a levels, but this
needs much further investigation.
While it is true that the world would benefit
from further elucidation on precisely all the reasons why glandulars work, the simple fact is that
certain clinical practitioners long claimed to have
successfully used glandulars for many decades for
those with DS and other health concerns.

Discussion
In one of the author’s clinical experience, unless a
thyroid has been surgically-removed and/or ablated, thyroid glands are capable of producing T-4
on their own if properly supported nutritionally.
And this has been true whether or not patients have
DS.
Thyroxine therapy often does result in a reduced
production of calcitonin, T-1, and T-2. Is this something that should become standard therapy for DS
infants when other alternatives exist?
Since, there are issues related to the lack of
available tyrosine and/or available iodine in DS, it
is likely that nutrition contributes to the wide prevalence of hypothyroidism in the DS population. This
also may be compounded by low selenium and zinc
levels, which have been noted for this population.
Because these factors are known, it may make
sense for pregnant women to supplement with thyroid-related nutrients in an effort to possibly
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reduce the mild hypothyroidism that most with DS
seem to be born with.
While it is true that prescribed thyroxine levels
are normally monitored with TSH to try to keep
TSH in a predetermined range [1] (and this is only
true when neuroendocrine feedback systems are
normal, which is highly arguable), it is not clear
that this is still optimal for health, especially the
health of those with DS.
While some may conclude that there are too
many nutritional factors to be considered and that
thyroxine medication is an easier fix, the reality is
that the long-term consequences of artificially suppressing thyroid function through thyroxine therapy poses greater potential future complications.
Should any human be required to live their entire
life with externally affected TSH levels when it
may not be necessary?
And if not, then nutrition does offer the logical
alternative for those with DS. (It perhaps should
be noted that many of the comments in this paper
are also applicable to those hypothyroid patients
without DS.)
It perhaps should be noted that the efficacy of
multi-nutrients in DS alone, though advocated by
some (i.e. [28,58,59]), has been discounted by others (i.e. [60–62])—but none have apparently focused on the possible efficacy of certain nutrients
related to the thyroid in this population. Although
it has been claimed regarding hypothyroidism that,
‘‘supplemental thyroid products are not useful for
this purpose’’ [18], this is not consistent with the
clinical experience of various practitioners
[13,35,36,39–41,49,50,56] nor one of the authors.
One of this paper’s authors found that using bovine
thyroid glandulars and/or other nutrients for the
thyroid reported in symptomatic improvement for
217 of 220 non-DS patients presenting symptoms
associated with hypothyroidism [63] and that bovine thyroid glandulars have also been helpful for
those with DS [47].
Irrespective of these controversies, a review of
the nutrients, enzymes, and other substances associated with the thyroid suggests that it is logical
that certain nutrients, which are helpful for the
thyroid may also be preventive for some of the negative metabolic processes involved in DS. Nutrition
for hypothyroidism is something that is frequently
missed by doctors in clinical practice as medications are most often emphasized (e.g. [64]).
Considering the relative safety and theoretical
benefits of the above-mentioned nutrients, as well
as the inevitability of thyroid issues in the untreated DS population, it seems wise to seriously
consider such supplementation. It seems equally
wise to undertake additional research long-term
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research to verify the safety and efficacy in providing DS neonatals thyroxine therapy for an entire lifetime, beginning at birth. This is not to
say that the risks of thyroxine therapy for the
DS population always exceed the benefits, only
that nutrition seems to be a wiser, and more universally appropriate, thyroid therapy for those
with DS.
Since, reasonable levels of nutrient supplementation directed towards the thyroid is safe and
without likely long-term negative consequences,
it makes sense to consider thyroid nutrition as
the first-line treatment for those with DS.

References
[1] Beers MK, Berkow R, editors. The Merck manual, 17th ed.
Whitehouse Station (NJ): Merck Research Laboratories;
1999.
[2] van Trotsenburg AS, Kempers MJ, Endert E, Tijssen JG, de
Vijlder JJ, Vulsma T. Trisomy 21 causes persistent congenital hypothyroidism presumably of thyroidal origin. Thyroid
2006;16(7):671–80.
[3] Kanavin OJ, Aaseth J, Birketvedt GS. Thyroid hypofunction
in Down’s syndrome. Is it related to oxidative stress? Biol
Trace Elem Res 2000;78:35–42.
[4] Van Dyke DC, van Duyne S, Lowe O, Heide F. Alternative
and controversial therapies. In: Clinical perspectives in the
management of Down syndrome. NY: Springer-Verlag;
1990. p. 208–16.
[5] Toldeo C, Alembik Y, Aguirre JA, Stoll C. Growth curves of
children
with
Down
syndrome.
Ann
Genet
1999;42(2):81–90. 6.
[6] van Trotsenburg AS, Vulsma T, van Rozenburg-Marres SL,
van Baar AL, Ridder JC, Heymans HS, et al. The effect of
thyroxine treatment started in the neonatal period on
development and growth of two-year-old Down syndrome
children: a randomized clinical trial. J Clin Endocrinol
Metab 2005;90(6):3304–11.
[7] Murray L, editor. Physician’s desk reference, 60th ed.
Montvale (NJ): Thompson PDR; 2006.
[8] Guyton AC, Hall JE. Textbook of medical physiology, 9th
ed. PA: W.B. Saunders; 1996.
[9] Dunn JT. Iodine. In: Modern nutrition in health and disease,
10th ed. PA: Lippincott Williams & Wilkins; 2006. p.
300–11.
[10] Kosinska A, Syrenicz A, Kosinski B, Garanty-Bogacka B,
Syrenicz M, Gromniak E. Osteoporosis in thyroid diseases.
Endokrynol Pol 2005;56(2):185–93.
[11] Langdahl BL. Is skeletal responsiveness to thyroid hormone
altered in primary osteoporosis or following estrogen
replacement therapy? J Bone Min Res 1997;12(1):78–88.
[12] Fowler PB, McIvor J, Sykes L, Macrae KD. The effect of
long-term thyroxine on bone mineral density and serum
cholesterol. J Roy Coll Phys Lond 1996;30(6):527–32.
[13] Versendaal DA. Contact reflex analysis and applied trophology, 18th ed. Holland (MI): D.A. Versandall; 1990.
[14] Wu SY, Green WL, Huang WS, Hays MT, Chopra IJ. Alternate
pathways of thyroid hormone metabolism. Thyroid
2005;15(8):943–58.
[15] Ensminger AH, Ensminger ME, Konlande JE, Robson JRK.
Food & nutrition encyclopedia, 2nd ed. New York: CRC
Press; 1993.

814
[16] Aquaron R, Delange F, Marchal P, Lognone V,
Ninane L. Bioavailability of seaweed iodine in human
beings. Cell Mol Biol (Noisy-le-grand) 2002;48(5):
563–9.
[17] Hetzel BS, Clugston GA. Iodine. In: Modern nutrition in
health and disease, 9th ed. Baltimore, MD: Williams &
Wilkins; 1999. p. 253–64.
[18] Hendlor SS, Rorvik D, editors. PDR for nutritional supplements. Montvale (NJ): Medical Economics; 2001.
[19] van Trotsenburg AS, Vulsma T, van Santen HM, Cheung W,
de Vijlder JJ. Lower neonatal screening thyroxine concentrations in down syndrome newborns. J Clin Endocrinol
Metab 2003;88(4, Apr):1512–5.
[20] Shaposhnikov AM, Khal’chitskii SE, Shvarts EI. Disorders of
phenylalanine and tyrosine metabolism in Down’s syndrome. Vopr Med Khim 1979;25(1):15–9.
[21] Shils ME, Olson JA, Shike M, Ross AC, editors. Modern
nutrition in health and disease, 9th ed. Baltimore, MD:
Williams & Wilkins; 1999.
[22] Kim EJ, Sung JY, Lee HJ, Rhim H, Hasegawa M, Iwatsubo T,
et al. Dyrk1A phosphorylates alpha-synuclein and enhances
intracellular inclusion formation. J Biol Chem. 2006(September 7) [E-published ahead of print].
[23] Galceran J, de Graaf K, Tejedor FJ, Becker W. The MNB/
DYRK1A protein kinase: genetic and biochemical properties. J Neural Transm Suppl 2003(67):139–48.
[24] Kim D, Won J, Shin DW, Kang J, Kim YJ, Choi SY, et al.
Regulation of Dyrk1A kinase activity by 14-3-3. Biochem
Biophys Res Commun 2004;323(2):499–504.
[25] Kadrobova J, Madaric A, Sustrova M, Ginter E. Changed
serum element profile in Down’s syndrome. Biol Trace Elem
Res 1996;54(3):201–6.
[26] Monteiro CP, Varela A, Pinto M, Neves J, Felisberto GM,
Vaz C, et al. Effects of an aerobic training program on
magnesium, trace elements and antioxidant systems in
Down syndrome population. Magnes Res 1997;10(1):
65–71.
[27] El-Bayoumy K, Richie Jr JP, Boyiri T, Komninou D,
Prokopczyk B, Trushin N, et al. Influence of seleniumenriched yeast supplementation on biomarkers of oxidative
damage and hormone status in healthy adult males: a
clinical pilot study. Cancer Epidemiol Biomarkers Prev
2002;11:1459–65.
[28] Thiel RJ, Fowkes SW. Can cognitive deterioration associated with Down syndrome be reduced? Med Hypotheses
2005;64(3):524–32.
[29] Burk R, Levander O. Selenium. In: Modern nutrition in
health and disease, 10th ed. PA: Lippincott Williams &
Wilkins; 2006. p. 312–25.
[30] Purice M, Maximillan C, Dumitru I, Ioan D. Zinc and copper
in plasma and erythrocytes of Down’s syndrome children.
Endocrinologie 1988;26(2):113–7.
[31] Stehbens WE. Oxidative stress, toxic hepatitis, and antioxidants with particular emphasis on zinc. Exp Mol Pathol
2003;75(3):265–76.
[32] Sherman AR. Zinc, copper and iron nurtiture and immunity.
J Nutr 1992;122:604–9.
[33] Cunnane S. Zinc: clinical and biological significance. Boca
Raton: CRC Press; 1988.
[34] Bucci I, Napolitano G, Giuliani C, Lio S, Minnucci A, Di
Giacomo F, et al. Zinc sulfate supplementation improves
thyroid function in hypozincemic Down children. Biol Trace
Elem Res 1999;67(3):257–68.
[35] Harrower H. Practical organotherapy, 3rd ed. Hammond
(Indiana): W.B. Conkey Co.; 1921. p. 31–6.
[36] Warner FJ. Nutrition and Down syndrome. In: Presentation
at the Third Annual Convention of the California State

Thiel and Fowkes

[37]

[38]

[39]
[40]
[41]
[42]

[43]
[44]

[45]

[46]

[47]

[48]

[49]
[50]

[51]
[52]

[53]

[54]

[55]

[56]
[57]

Buena Park. Naturopathic Medical Association; 2001.
February 11.
Thiel R. Growth effects of the Warner protocol for
children with Down syndrome. J Orthomolec Med
2002;17(1):42–9.
Gardner M. Intestinal assimilation of intact peptides and
protein from the diet – a neglected field? Cambridge
Philosophical Society, Biological Reviews 1984;59:
289–331.
Popov IM et al. Cell therapy. J Int Acad Prevent Med
1977;3:74–82.
Burns D. Accumulating scientific evidence supports glandular therapy. Digest Chiropr Econ 1987:74–9.
Schwartz EF. Glandular therapy. Am Chiropr 1983(January/
February): 14–8.
Neumann C. Serious nutrition: incorporating clinically
effective nutrition into your practice. Kelowna (BC): Source
Graphics; 2005.
Howell E. Enzyme nutrition. Wayne (NJ): Avery Publishing
Group; 1985. p. 11–29.
Green S. A critique of the rationale for cancer treatment
with coffee enemas and diet. JAMA 1992;268(22):
3224–7.
Shamberger RC, Hendron WH, Leictner AM. Long-term
nutritional and metabolic consequences of pancreaticoduodenectomy in children. Surgery 1994;115(3):
382–8.
Fiocchi A, Borella E, Riva E, Arensi D, Travaglini P,
Cazzola P, et al. A double-blind clinical trial for the
evaluation of the therapeutical effectiveness of a calf
thymus derivative (Thymomodulin) in children with
recurrent respiratory infections. Thymus 1986;8(6):
331–9.
Thiel R. Might disorders of calcium cause or contribute
to myoclonic seizures? Med Hypotheses 2006;66(5):
969–74.
Schulof RS et al. Phase I/II trial of thymosin fraction 5 and
thymosin alpha one on HTLV-III seropositive subjects. J Biol
Resp Modif 1986;5:429–43.
Balch JF, Balch PA. Prescription for a nutritional healing.
Garden City Park (NY): Avery Publishing; 1997.
Lee R, Hanson W. Protomorphology: the Principles of cell
auto-regulation. Milwaukee: Lee Foundation for Nutritional
Research; 1947.
Hulsey MG, Martin RJ. The role of animals in nutritional
research. Nutr Today 1993;28(5):1993.
McCarren M. Animals in research: researchers use animals
to learn more about human diabetes. Diabetes Forecast
1993;46(8):26.
California Institute of Technology. Large genome comparison reveals details of genomic evolution. Cancer Weekly,
February 10, 1992;6:3.
Boretti FS, Sieber-Ruckstuhl NS, Willi B, Lutz H, HofmannLehmann R, Reusch CE. Comparison of the biological
activity of recombinant human thyroid-stimulating hormone with bovine thyroid-stimulating hormone and evaluation of recombinant human thyroid-stimulating hormone
in healthy dogs of different breeds. Am J Vet Res
2006;67(7):1169–72.
Beef, variety meats and by-products, brain, raw. USDA
national nutrient database for standard reference, release
19; 2006.
DeCava JA. Glandular supplements. Nutr News Views
1997;1(3):1–10.
Nuttal. Blood immunity and blood relationship. London:
Cambridge University Press; 1904. as cited in;
Lee R, Hanson W. Protomorphology: the principles of cell

Down syndrome and thyroid dysfunction: Should nutritional support be the first-line treatment?
auto-regulation. Milwaukee: Lee Foundation for Nutritional
Research; 1947.
[58] Turkel H, Nusbaum I. Medical treatment of Down syndrome
and genetic diseases, 4th ed. Southfield (MI): Ubiotica;
1985.
[59] Rimland B. Vitamin/mineral supplementation for Down
syndrome. Lancet 1983;2:1255.
[60] Bumbalo TS, Morelewicz HV, Berens DL. Treatment of
Down’s syndrome with the ‘‘U’’ series of drugs. JAMA
1964;187:361.

815

[61] Harrell RF, Capp RH, Davis DR, Peerless, Ravitz LR. Can
nutritional supplements help mentally retarded children?
Proc Natl Acad Sci 1981;78:574–8.
[62] Pruess JB, Fewell RR, Bennett FC. Vitamin therapy and
children with Down syndrome: a review of the research.
Except Child 1989;55:336–41.
[63] Thiel R. Nutritional interventions for the thyroid. ANMA
Monit 2000;4(1):6–14.
[64] Clarke N, Kabadi UM. Optimizing treatment of hypothyroidism. Treat Endocrinol 2004;3(4):217–21.

