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VITAMINS

Vitamin A is a group of fat-soluble vitamins 
which includes retinol, retinal, retinoic acid, and 
several provitamin A carotenoids, among which 
beta-carotene is the most important. 
Vitamin A has multiple functions including:  
growth and development in infants, children 
and adolescents, maintenance of the immune 
system, and healthy vision. 
Vitamin A is needed by the retina of the eye for 
both low-light and color vision. 
Vitamin A also functions as retinoic acid, an 
important hormone-like growth factor for 
epithelial and other cells. 
Other important roles that vitamin A plays in 
the body include: gene transcription, 
haematopoiesis, and antioxidant activity.

A

Physiological Function

How it gets depleted 

9LWDPLQ�$�GHĆFLHQF\�PD\�RFFXU�ZLWK�FKURQLF�
DOFRKROLVP��]LQF�GHĆFLHQF\��K\SRWK\URLGLVP��
and use of laxatives. 

9LWDPLQ� $� GHĆFLHQF\� PD\� UHVXOW� LQ� QLJKW� EOLQGQHVV��
impaired immunity, impaired healing, increased risk of 
infection, thyroid disorders, leukoplakia or keratosis. 

$VVHVV�]LQF� VWDWXV� WR�DVVHVV� LI� ]LQF�GHĆFLHQF\�KDV� OHG� WR�
VHFRQGDU\�IXQFWLRQDO�GHĆFLHQF\�RI�YLWDPLQ�$�UHOHDVH�IURP�
liver stores.

Clinical Manifestations of Depletion  

Food sources of vitamin A include: cod liver oil, liver 
�WXUNH\�� EHHI�� SRUN�� ĆVK� DQG� FKLFNHQ��� GDQGHOLRQ� JUHHQV��
IRUWLĆHG� FHUHDOV� DQG� PLON�� EXWWHU�� HJJV�� VZHHW� SRWDWR��
pumpkin, carrot, cantaloupe, mango, spinach, broccoli leaf 
�EURFFROL� ćRUHWV� KDYH� PXFK� OHVV��� NDOH�� DQG� EXWWHUQXW�

Food Sources 

The RDA for vitamin A is 700mcg RAE/day for women and 
900 mcg RAE/day for men. This is the amount needed to 
SUHYHQW� FKURQLF� GHĆFLHQF\�� EXW�PRUH�PD\�EH� QHHGHG� IRU�
optimal health. 
These measurements are the equivalent of 2500 IU/day 
for women and 3000 IU/day for men of pre-formed vitamin 
$�VRXUFHV��DQLPDO�VRXUFHV��
7KH�XSSHU�LQWDNH�OHYHO��8/��IRU�YLWDPLQ�$�LQ�DGXOWV�LV�VHW�DW�
3,000 µg RAE/day.
Vitamin A toxicity can occur from taking pre-formed 
vitamin A from sources other than plant sources. 

.

Supplement Options

Physiological Function

Vitamin B1 aids in energy transformation and 
production of ATP.  It acts a coenzyme in the 
breakdown of carbohydrates, fats and proteins to 
produce energy. B1

Physiological Function

How it gets depleted 

7KLDPLQ� FDQ� EHFRPH� GHSOHWHG� RU� GHĆFLHQW� IURP�
frequent consumption of  thiaminases present in 
KLJKHU�DPRXQWV�LQ�UDZ�ĆVK�DQG�WDQQLQV�WDQQLF�DFLG�
(tea and coffee).

Thiamin is vulnerable to loss during cooking. Can 
be depleted with excessive or chronic alcohol 
intake. There may be higher risk of depletion with 
gastric bypass surgery.

7KLDPLQ� GHĆFLHQF\� FDQ� OHDG� WR� QHUYRXV� V\VWHP� DQG�
cardiac abnormalities.

7KH�PRVW� VHYHUH� IRUP� RI� WKLDPLQ� GHĆFLHQF\� LV� FDOOHG�
beri beri, a condition commonly resulting in weakness, 
fatigue,  confusion, irritability, weight loss, muscle 
wasting, and peripheral neuropathy.

Clinical Manifestations of Depletion  

Food sources of thiamin include: 
pork, organ meats, legumes, sweet potato, brown 
ULFH�� EUHZHUèV� \HDVW�� SLQH� QXWV�� VXQćRZHU� VHHGV��
enriched grains*

Food Sources 

7KH�5'$�IRU�WKLDPLQ�LV�����PJ�GD\�IRU�IHPDOHV�DQG�����
PJ�GD\�IRU�PDOHV�
7KH�5'$�IRU�WKLDPLQ�GXULQJ�SUHJQDQF\�ODFWDWLRQ�LV�����
PJ�GD\�
Therapeutic intake of thiamin is commonly
������PJ�GD\�
No UL for thiamin has been set.
7KLDPLQ� LV� FRPPRQO\� IRXQG� LQ� PXOWL�%� YLWDPLQ�
products. 

Supplement Options
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Two very important coenzymes involved in 
HQHUJ\�PHWDEROLVP�DUH�GHULYHG�IURP�ULERćDYLQ�
to participate in oxidation/reduction reactions. 

5LERćDYLQ� LV� DOVR� HVVHQWLDO� IRU� 126� HQ]\PH�
(nitric oxide synthase) and glutathione reductase 
which regenerates glutathione, and which is very 
LPSRUWDQW�IRU�DQWLR[LGDWLRQ�GHWR[LĆFDWLRQ�� B2

Physiological Function

How it gets depleted 

5LERćDYLQ� LV�FRPPRQO\�GHSOHWHG�E\�H[FHVVLYH�
RU� FKURQLF� DOFRKRO� FRQVXPSWLRQ�� 1HHG� IRU�
ULERćDYLQ�LV�LQFUHDVHG�LQ�WKH�HOGHUO\�

)UDQN�GHĆFLHQF\�RI�ULERćDYLQ�LV�UDUH��KRZHYHU��PDUJLQDO�
GHĆFLHQF\�LV�FRPPRQ��

'HĆFLHQF\�RI�ULERćDYLQ�LV�DVVRFLDWHG�ZLWK�
fatigue/weakness.

Clinical Manifestations of Depletion  

)RRG�VRXUFHV�KLJK�LQ�ULERćDYLQ�LQFOXGH��RUJDQ�PHDWV��GDLU\�
foods, eggs, leafy greens (spinach), broccoli, and liver.


(QULFKHG�JUDLQV�LQFOXGH�ULERćDYLQ

Food Sources 

7KH�5'$�IRU�ULERćDYLQ�LV�����PJ�GD\�

&RPPRQ� OHYHOV� RI� WKHUDSHXWLF� LQWDNH� RI� ULERćDYLQ� DUH�
25-50 mg/day.

1R�8/�IRU�ULERćDYLQ�KDV�EHHQ�VHW�

Supplement Options

Vitamin B5 is part of the structural component of 
coenzyme A. It is also important for synthesis of 
red blood cells, sex hormones, adrenal hormones, 
DQG�YLWDPLQ�'��$QRWKHU�VLJQLĆFDQW�IXQFWLRQ�RI�%��
is to work with carnitine and CoQ10 for fatty acid 
oxidation/metabolism. B5
How it gets depleted 

It is possible to block absorption of B5 in the 
intestines by taking high doses of supplemental 
biotin .
 

'HĆFLHQF\�RI�%��LV�YHU\�UDUH��KRZHYHU��LQ�D�GLHW�WKDW�LV�
high in biotin, or if high dose biotin supplementation 
RFFXUV��%��PD\�EHFRPH�FRQGLWLRQDOO\�GHĆFLHQW�GXH�WR�
competition for the same uptake receptor in the 
intestine.  
 

Clinical Manifestations of Depletion  

)RRG�VRXUFHV�RI�%��LQFOXGH��EHHI��SRUN��FKLFNHQ��ĆVK��
egg yolks, whole grains, legumes, lentils. 

Food Sources 

There is currently no RDA established for B5.

The AI for B5 is 5 mg/day in adults, 6 mg/day during 
pregnancy, and 7 mg/day during lactation.

Because breakdown of B5 is metabolicallyslow, and 
GHĆFLHQF\� LV� WUDUH�� WKHUH� LV� SUREDEO\� QR� QHHG� IRU�
supplementation.

Supplement Options

Physiological Function

  Page 6 of 29



Vitamin C has a major function of being an 
antioxidant. It boosts immunity through 
increasing white blood cells, in addition to 
supporting regeneration of vitamin E. Vitamin 
C can also reduce atherosclerosis, stroke and 
KLJK�EORRG�SUHVVXUH��DQG�LQćDPPDWLRQ��

Because of its role in the generation of 
connective tissue, it is necessary for optimal 
collagen production. Vitamin C is also an 
important component of l-carnitine, which is 
necessary for breakdown of fats into energy. c
Physiological Function

How it gets depleted 

Vitamin C is most commonly depleted in the 
DEVHQFH�RI�VXIĆFLHQW�GLHWDU\�LQWDNH��

Vitamin C levels can be depleted during times 
of severe oxidative stress.

Low levels of vitamin C have been associated with reduced 
bone density.
6LJQV� RI� GHĆFLHQF\� LQFOXGH�� EOHHGLQJ� JXPV�� HDV\� EUXLVLQJ��
anemia, fatigue, weakness and joint pain. These symptoms 
DUH�WKH�UHVXOW�RI�ZHDNHQHG�RU�GHĆFLHQW�FRQQHFWLYH�WLVVXHV�
throughout the body.
6HYHUH�FDVHV�RI�YLWDPLQ�&�GHĆFLHQF\�DUH�FDOOHG�VFXUY\�
  
 

Clinical Manifestations of Depletion  

)RRG� VRXUFHV� RI� YLWDPLQ� &� LQFOXGH�� R\VWHUV�� WURSLFDO� IUXLWV�
such as guava, papaya, pineapple, oranges, kiwi, and 
cantaloupe; leafy greens such as kale and spinach;  
cruciferous vegetables such as broccoli, brussel sprouts, 
FDXOLćRZHU�� DQG� FDEEDJH�� EHUULHV�� VXFK� DV� VWUDZEHUULHV��
raspberries, blueberries, blackberries, bell peppers, and 
amaranth.

Food Sources 

The RDA for vitamin C is 75 mg/day for women and 90 mg/day 
for men. 120 mg/day is recommended during pregnancy and 
lactation. 
The half-life of vitamin C in circulation after supplementation 
is about 30 minutes, therefore, large singular doses of vitamin 
C may not be as therapeutic as smaller, more frequent doses of 
vitamin C.
In addition to taking supplemental vitamin C, ɲ-Lipoic acid 
helps restore vitamin C levels when depleted.

Supplement Options

  Page 7 of 29



Folate is the naturally occurring form found in 
ĨŽŽĚƐ͖� ĨŽůŝĐ� ĂĐŝĚ� ŝƐ� ƚŚĞ� ƐƵƉƉůĞŵĞŶƚͬƐǇŶƚŚĞƟĐ�
form. Folate is more bioavailable. 

KŶĐĞ�ŝŶ�ĐŝƌĐƵůĂƟŽŶ͕�ĨŽůĂƚĞ�ŐĞƚƐ�ŵĞƚŚǇůĂƚĞĚ͘�

Methyl-tetrahydrofolate is the most abundant 
ĨŽůĂƚĞ�ŝŶ�ĐŝƌĐƵůĂƟŽŶ�ĂŶĚ�ŝƚ�ĨƵŶĐƟŽŶƐ�ǁŝƚŚ�ǀŝƚĂŵŝŶ�
�ϭϮ� ŝŶ� ŵĞƚŚǇůĂƟŽŶ� ƌĞĂĐƟŽŶƐ� ƚŽ� ƌĞĚƵĐĞ�
ŚŽŵŽĐǇƐƚĞŝŶĞ͕� ďƵƚ� ŝƐ� ĂůƐŽ� ŝŶǀŽůǀĞĚ� ŝŶ� �E��
ƐǇŶƚŚĞƐŝƐ͕�ĂŶĚ�ƌĞĚ�ďůŽŽĚ�ĐĞůů�ƐǇŶƚŚĞƐŝƐ͘� B9

Physiological Function

How it gets depleted 

&ŽůĂƚĞ�ĐĂŶ�ďĞ�ĚĞƉůĞƚĞĚ�ďǇ�ƵƐĞ�ŽĨ��ŵĞƚŚŽƚƌĞǆĂƚĞ͕�
ĂŶƟĐŽŶǀƵůƐĂŶƚƐ͕�ĂŶƚĂĐŝĚƐ͕�ĂŶĚ�ŽƌĂů�ĐŽŶƚƌĂĐĞƉƟǀĞƐ͘
 

�ĞĮĐŝĞŶĐǇ� ŽĨ� ĨŽůĂƚĞ� ĐĂŶ� ŵĂŶŝĨĞƐƚ� ĂƐ� ĂŶĞŵŝĂ͘� DĞŐŽďůĂƐƟĐ�
ĂŶĞŵŝĂ�ǁŝůů�ĂůƐŽ�ŝŶǀŽůǀĞ�ǀŝƚĂŵŝŶ��ϭϮ͘��

KŌĞŶ� ĨŽůĂƚĞ� ĚĞĮĐŝĞŶĐǇ� ŝƐ� ƐĞĐŽŶĚĂƌǇ� ƚŽ� ǀŝƚĂŵŝŶ� �ϭϮ�
ĚĞĮĐŝĞŶĐǇ� ďĞĐĂƵƐĞ� ĐŽŶǀĞƌƐŝŽŶ� ƚŽ� ϱͲŵĞƚŚǇů� ĨŽůĂƚĞ� ŝƐ� �ϭϮ�
dependent.

^ǇŵƉƚŽŵƐ� ŽĨ� �ϭϮ� ĚĞĮĐŝĞŶĐǇ� ĐĂŶ� ŝŶĐůƵĚĞ͗� ĞůĞǀĂƚĞĚ�
ŚŽŵŽĐǇƐƚĞŝŶĞ� ;ŚǇƉĞƌŚŽŵŽĐǇƐƚĞŝŶĞŵŝĂͿ͕� ŶĞƵƌĂů� ƚƵďĞ�
ĚĞĨĞĐƚƐ� ŝĨ� ŵŽƚŚĞƌ� ŝƐ� ĚĞĮĐŝĞŶƚ� ĚƵƌŝŶŐ� ƉƌĞŐŶĂŶĐǇ͕ � ŵŽŽĚ�
ĚŝƐŽƌĚĞƌƐ�ƐƵĐŚ�ĂƐ�ĂŶǆŝĞƚǇ�ĂŶĚ�ĚĞƉƌĞƐƐŝŽŶ͕�ƉĂƌƟĐƵůĂƌůǇ�ŝŶ�ƚŚĞ�
ĞůĚĞƌůǇ͕ � ĂŶĚ� ĨĂƟŐƵĞ͕� ŝŵƉĂŝƌĞĚ� ŝŵŵƵŶĞ� ĨƵŶĐƟŽŶ͕� ĂŶĚ��
cardiovascular disease.  
 

Clinical Manifestations of Depletion  

&ŽŽĚ� ƐŽƵƌĐĞƐ� ŽĨ� ĨŽůĂƚĞ� ŝŶĐůƵĚĞ͗� � ŐƌĞĞŶ� ůĞĂĨǇ� ǀĞŐĞƚĂďůĞƐ͕�
ůĞŐƵŵĞƐ� ;ĞƐƉĞĐŝĂůůǇ� ďůĂĐŬͲĞǇĞĚ�ƉĞĂƐͿ� ĂŶĚ� ůĞŶƟůƐ͕� ďƌĞǁĞƌ Ɛ͛�
ǇĞĂƐƚ͕�ĂŶĚ�ďƌŽǁŶ�ƌŝĐĞ͘�&ŽůĂƚĞ�ŝƐ�ĞĂƐŝůǇ�ĚĞƐƚƌŽǇĞĚ�ďǇ�ĐŽŽŬŝŶŐ͘�

*Enriched grains are a supplemental source of folate

Food Sources 

dŚĞ� Z��� ĨŽƌ� ĨŽůĂƚĞ� ŝƐ� ϰϬϬ� ŵĐŐͬĚĂǇ� ĨŽƌ� ĂĚƵůƚƐ� ĂŶĚ� ϲϬϬ�
ŵĐŐͬĚĂǇ�ŝŶ�ƉƌĞŐŶĂŶƚ�ǁŽŵĞŶ͘
�ŽŶƐŝĚĞƌ�Dd,&Z�ŵƵƚĂƟŽŶƐ� ďĞĨŽƌĞ� ƐƵƉƉůĞŵĞŶƟŶŐ͘� �ǀĞŶ� ŝŶ�
ƚŚĞ�ƉƌĞƐĞŶĐĞ�ŽĨ�Dd,&Z�ŵƵƚĂƟŽŶƐ͕�ŝŶĚŝǀŝĚƵĂůƐ�ĐĂŶ�ďĞ�ĞŝƚŚĞƌ�
ƵŶĚĞƌͲ� Žƌ� ŽǀĞƌͲŵĞƚŚǇůĂƚĞĚ͕� ĂŶĚ� ƐƵƉƉůĞŵĞŶƚĂƟŽŶ� ƐŚŽƵůĚ�
ŝŶĐůƵĚĞ�Ă�ƚŚŽƌŽƵŐŚ�ƌĞǀŝĞǁ�ŽĨ� ůĞǀĞůƐ�ŽĨ�ŽƚŚĞƌ�ĐŽͲĨĂĐƚŽƌƐ�ĂŶĚ�
ŶƵƚƌŝĞŶƚƐ�ŝŶǀŽůǀĞĚ�ŝŶ�ŵĞƚŚǇůĂƟŽŶ�ĐǇĐůĞƐ͘
�ŽƐĞƐ�ŽĨ� ĨŽůĂƚĞ� ƌĂŶŐŝŶŐ� ĨƌŽŵ�ϰϬϬ�ŵĐŐ�ƚŽ�ϭϬ�ŵŐ�ŚĂǀĞ�ďĞĞŶ�
ƵƐĞĚ�ĐůŝŶŝĐĂůůǇ͘���ŵŽƌĞ�ĐŽŵŵŽŶ�ƚŚĞƌĂƉĞƵƟĐ�ƌĂŶŐĞ�ŝƐ�ϰϬϬ�ƚŽ�
ϭϬϬϬ�ŵĐŐ�ƉĞƌ�ĚĂǇ͘
Supplemental doses have been recommended not to exceed 
ϰϬϬ�ŵĐŐͬĚĂǇ͕ �ďĞĐĂƵƐĞ�ĨŽůŝĐ�ĂĐŝĚ�ƐƵƉƉůĞŵĞŶƚĂƟŽŶ�ŵĂǇ�ŵĂƐŬ�
ƚŚĞ�ƐǇŵƉƚŽŵƐ�ŽĨ��ϭϮ�ĚĞĮĐŝĞŶĐǇ͘

Supplement Options

MINERALS
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Calcium stores in the blood are not depleted 
metabolically, however, calcium stores elsewhere in 
ƚŚĞ�ďŽĚǇ�ŵĂǇ�ďĞĐŽŵĞ�ĚĞƉůĞƚĞĚ͕�ĐŽŶĚŝƟŽŶĂůůǇ͕ �ĚƵĞ�ƚŽ�
increased demand. 

>Žǁ�ĚŝĞƚĂƌǇ�ŝŶƚĂŬĞ�ŽĨ�ĐĂůĐŝƵŵ�ĚƵƌŝŶŐ�ƟŵĞƐ�ŽĨ�ŐƌŽǁƚŚ�
or stress may result in low stores of calcium. Evaluate 
vitamin D and magnesium levels alongside calcium 
status.

/ƌŽŶ� ƐƵƉƉůĞŵĞŶƚĂƟŽŶ� ŵĂǇ� ŝŶƚĞƌĨĞƌĞ� ǁŝƚŚ� ĐĂůĐŝƵŵ�
ĂďƐŽƌƉƟŽŶ͕� ĂŶĚ� ŝƚ� ŝƐ� ƌĞĐŽŵŵĞŶĚĞĚ� ƚŽ� ƚĂŬĞ� ŝƌŽŶ�
supplements at least 2 hours apart from a meal 
containing calcium-rich foods. 

��ĚĞĮĐŝĞŶĐǇ�ŽĨ�ĐĂůĐŝƵŵ�ĐĂƵƐĞƐ�ŽƐƚĞŽƉŽƌŽƐŝƐ͘�^ŽŵĞ�ƌĞƐĞĂƌĐŚ�
connects low calcium intake to increased risks of high blood 
pressure, colon cancer and preeclampsia (high blood 
pressure and excess protein in the urine of a woman more 
than 20 weeks pregnant).

 

Good sources of calcium are: dairy foods, salmon, turnip 
greens, *Chinese cabbage, kale, bok choy and broccoli. 
^ĂƌĚŝŶĞƐ� ĂŶĚ� ŽƚŚĞƌ� ĐĂŶŶĞĚ� ĮƐŚ� ǁŝƚŚ� ďŽŶĞƐ� ĂƌĞ� ĂĚĚŝƟŽŶĂů�
ƐŽƵƌĐĞƐ͘� ^ŽŵĞ� ĨŽŽĚƐ� ƐƵĐŚ� ĂƐ� ŽƌĂŶŐĞ� ũƵŝĐĞ� ĂŶĚ� ďƌĞĂĚ� ĂƌĞ�
ĨŽƌƟĮĞĚ�ǁŝƚŚ�ĐĂůĐŝƵŵ͘
*Chinese cabbage, kale and turnip greens contain 
ĂďƐŽƌďĂďůĞ� ĐĂůĐŝƵŵ͘� ^ƉŝŶĂĐŚ� ĂŶĚ� ƐŽŵĞ� ŽƚŚĞƌ� ǀĞŐĞƚĂďůĞƐ�
contain calcium that is poorly absorbed.

The AI for adults aged 19 to 50 is 1000 mg/day. Because 
ĐĂůĐŝƵŵ�ŝƐ�ƐŽ�ĐƌŝƟĐĂů�ƚŽ�ƉƌĞǀĞŶƟŶŐ�ďŽŶĞ�ĚŝƐĞĂƐĞ�ůĂƚĞƌ�ŝŶ�ůŝĨĞ͕�
the AI is higher for adolescents. 
The AI for males and females aged nine to 18 is 1300 mg/day. 
For those aged 51 and older, the AI is 1200mg/day. 
The UL for calcium is 2,500 milligrams. Excess calcium may 
cause mineral imbalances because it interferes with the 
ĂďƐŽƌƉƟŽŶ�ŽĨ�ŝƌŽŶ͕�ŵĂŐŶĞƐŝƵŵ͕�ǌŝŶĐ�ĂŶĚ�ŽƚŚĞƌ�ŵŝŶĞƌĂůƐ͘
&ŽƌŵƐ�ŽĨ�ĐĂůĐŝƵŵ�ƐƵƉƉůĞŵĞŶƚĂƟŽŶ�ĂǀĂŝůĂďůĞ�ŝŶĐůƵĚĞ�ĐĂůĐŝƵŵ�
carbonate, calcium citrate, calcium citrate malate, calcium 
gluconate, and calcium lactate.
Calcium citrate is the preferred form of calcium for 
ŝŶĚŝǀŝĚƵĂůƐ� ǁŝƚŚ� ŚǇƉŽͲ� Žƌ� ĂĐŚůŽƌŚǇĚƌŝĂ� ;ůŽǁ� Žƌ� ŝŶƐƵĸĐŝĞŶƚ�
stomach acid). 
/Ŷ� ŽƌĚĞƌ� ƚŽ� ŵĂǆŝŵŝǌĞ� ĂďƐŽƌƉƟŽŶ� ŽĨ� ĐĂůĐŝƵŵ� ƐƵƉƉůĞŵĞŶƚƐ͕�
limit doses to no more than 500mg/dose.
^ƵƉƉůĞŵĞŶƚĂƟŽŶ� ŽĨ� ĐĂůĐŝƵŵ� ƐŚŽƵůĚ� ďĞ� ĂĐĐŽŵƉĂŶŝĞĚ� ďǇ�
ĐŽŶĐƵƌƌĞŶƚ� ĂĚĞƋƵĂƚĞ� ǀŝƚĂŵŝŶ� �� ƐƵƉƉůĞŵĞŶƚĂƟŽŶ� ĚƵĞ� ƚŽ�
ŝŶƐƵĸĐŝĞŶƚ� ǀŝƚĂŵŝŶ� �� ůĞǀĞůƐ� ŝŵƉĂŝƌŝŶŐ� ĐĞůůƵůĂƌ� ĐĂůĐŝƵŵ�
ĂďƐŽƌƉƟŽŶ͕� ǁŚŝĐŚ� ĐĂŶ� ůĞĂĚ� ƚŽ� ĂƚŽƉŝĐ� ĐĂůĐŝƵŵ� ĚĞƉŽƐŝƚƐ� ŝŶ�
ĞƉŝĚĞƌŵĂů�ƟƐƐƵĞ͘
/ƌŽŶ� ƐƵƉƉůĞŵĞŶƚĂƟŽŶ� ŵĂǇ� ŝŶƚĞƌĨĞƌĞ� ǁŝƚŚ� ĐĂůĐŝƵŵ�
ĂďƐŽƌƉƟŽŶ͕�ĂŶĚ�ŝƚ�ŝƐ�ƌĞĐŽŵŵĞŶĚĞĚ�ƚŽ�ƚĂŬĞ�ŝƌŽŶ�ƐƵƉƉůĞŵĞŶƚƐ�
at least 2 hours apart from a meal containing calcium-rich 
foods.

Ca�ĂůĐŝƵŵ� ŝƐ� Ă� ŵŝŶĞƌĂů� ƚŚĂƚ� ŝƐ� Ă� ŵĂũŽƌ� ĐŽŵƉŽŶĞŶƚ� ŽĨ�
ďŽŶĞƐ�ĂŶĚ� ƚĞĞƚŚ͕� ŝƐ� ƌĞƋƵŝƌĞĚ� ĨŽƌ�ŵƵƐĐůĞ� ĐŽŶƚƌĂĐƟŽŶ͕�
nerve transmission, cellular metabolism, and aids in 
ďůŽŽĚ�ĐůŽƫŶŐ͘��

^ǇŵƉƚŽŵƐ�ĂŶĚ�ĐŽŶĚŝƟŽŶƐ�ƚŚĂƚ�ĂƌĞ�ĂƐƐŽĐŝĂƚĞĚ�ǁŝƚŚ�ĞǆĐĞƐƐ�
ĐĂůĐŝƵŵ� ŝŶĐůƵĚĞ͗� �ĂůĐŝĮĐĂƟŽŶ� ŽĨ� ƐŽŌ� ƟƐƐƵĞƐ� ;ŝŶĐůƵĚŝŶŐ�
heart and arteries); parathyroid disorders; kidney stones.

Causes of excess calcium in the blood include: low levels of 
PTH; high or excess intake of vitamin D2 or D3 
supplements (unlikely with D2, however); 
hyperparathyroidism; reduced conversion of 25-OHD to 
1,25-OHD in the kidneys; renal failure; parathyroid cancer.

�ĂƵƟŽŶ�ǁŝƚŚ�ĞǆĐĞƐƐ�ĐĂůĐŝƵŵ�^ƵƉƉůĞŵĞŶƚƐ͗�
Calcium supplements may cause an excess of calcium in 
ƚŚĞ� ďůŽŽĚ� ŝĨ� ŽŶĞ� ŚĂƐ� ƉĂƌĂƚŚǇƌŽŝĚ� ĚǇƐĨƵŶĐƟŽŶ� Žƌ� ƌĞŶĂů�
failure. It is not recommended to take calcium 
ƐƵƉƉůĞŵĞŶƚƐ� ŝĨ� ƚŚŽƐĞ� ĐŽŶĚŝƟŽŶƐ� ĞǆŝƐƚ͕� ƵŶůĞƐƐ� ƵŶĚĞƌ� ƚŚĞ�
ĚŝƌĞĐƟŽŶ�ŽĨ�Ă�ĚŽĐƚŽƌ͘ �

�ĂůĐŝƵŵ� ƐƵƉƉůĞŵĞŶƚĂƟŽŶ� ƐŚŽƵůĚ� ĂůŵŽƐƚ� ĂůǁĂǇƐ� ďĞ�
ĂĐĐŽŵƉĂŶŝĞĚ� ǁŝƚŚ� ƐƵƉƉůĞŵĞŶƚĂƟŽŶ� ŽĨ� sŝƚĂŵŝŶ� �� ĂŶĚ�
ƉŽƐƐŝďůǇ�sŝƚĂŵŝŶ�<Ϯ�ƚŽ�ĞŶƐƵƌĞ�ĐĂůĐŝƵŵ�ŝƐ�ĂƐƐŝŵŝůĂƚĞĚ� ŝŶƚŽ�
ďŽŶĞ�ĂŶĚ�ŶŽƚ�ĞĐƚŽƉŝĐĂůůǇ�ĚĞƉŽƐŝƚĞĚ�ŝŶƚŽ�ƐŽŌ�ƟƐƐƵĞ͘��

Physiological Function

How it gets depleted 

Clinical Manifestations of Depletion  

Food Sources 

Supplement Options

Clinical Manifestations of Excess/
Risk for Toxicity
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Manganese is important in many 
enzyme-mediated chemical reactions including 
enzymes involved in antioxidant actions in 
mitochondria and enzymes involved in the 
synthesis of cartilage in skin and bone.

Manganese also activates enzymes that 
participate in metabolism of carbohydrates, 
amino acids, and cholesterol. 

In addition, enzymes that incorporate 
manganese convert the neuro-excitatory 
glutamate to glutamine. 

How it gets depleted 

Iron supplementation may decrease absorption 
of dietary manganese. 
Intestinal absorption of manganese is reduced 
when iron stores (ferritin levels) are higher, and 
tends to be lower in men than women. 
Magnesium supplementation has been shown 
to decrease manganese levels through reduced 
intestinal absorption or increased urinary 
excretion.
 

0DQJDQHVH�GHĆFLHQF\�LV�UDUH��
6\PSWRPV� RI�PDQJDQHVH� GHĆFLHQF\� DUH� LPSDLUHG� JURZWK��
particularly skeletal abnormalities, and possibly glucose 
tolerance abnormalities.
Toxicity is also uncommon and is most frequently the result 
of exposure to airborne manganese dust. 
Symptoms of toxicity include multiple neurological 
problems that resemble Parkinson’s disease In children, 
exposure to elevated levels of manganese in drinking water 
has been associated with increased rates of attention 
GHĆFLW� K\SHUDFWLYLW\� GLVRUGHU�� FRJQLWLYH� GHFOLQH�� DQG�
behavioral problems. 
Individuals with liver failure are at risk for manganese 
toxicity-associated neurological symptoms. 

Clinical Manifestations of Depletion  

7HD�DQG�FRIIHH�DUH�VLJQLĆFDQW�VRXUFHV�RI�PDQJDQHVH�LQ�WKH�
American diet. Additional sources are nuts, whole grains, 
legumes and some fruits and vegetables, such as leafy 
greens.

Food Sources 

The AI for mangansese is 1.8 mg/day. 

The UL for manganese is 11 mg per day.

Supplementation of manganese is not generally necessary, 
and may result in toxicity. 
  

Supplement Options

Mn

Physiological Function
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Copper assists with the transport of iron, supports 
energy production within cells, supports 
methylation and gene transcription that affects 
FHOOXODU� GHWR[LĆFDWLRQ� PHFKDQLVPV, 
neurotransmitter generation, supports the myelin 
sheath around nerves, and aids in connective 
tissue development.
Copper is important for redox reactions and is a 
potent antioxidant for this reason.
Copper also supports melanin production in the 
cells of hair, skin, and nails. 
Most serum copper is found in ceruloplasmin and 
elevated levels may be an indicator of increase 
LQćDPPDWLRQ� DQG� R[LGDWLYH� VWUHVV�� UDWKHU� WKDQ�
VSHFLĆFDOO\�H[FHVV�FRSSHU�LQ�WKH�EORRG�

Physiological Function

How it gets depleted 

'HĆFLHQFLHV� RU� H[FHVVHV� RI� FRSSHU� DUH� UDUH� LQ�
KHDOWK\� SHRSOH�� KRZHYHU�� FRSSHU� GHĆFLHQF\� FDQ�
occur in the following populations:
infants or children fed only cow’s milk formula; 
premature infants and infants or children with 
recurring diarrhea; individuals with malabsorption 
syndromes such as celiac disease, bowel 
resections, Crohn’s disease, and ulcerative colitis; 
LQGLYLGXDOV� ZLWK� F\VWLF� ĆEURVLV�� LQGLYLGXDOV� ZLWK�
high supplemental zinc intake for prolonged 
periods of time.

Consider testing for the presence of celiac disease 
or neurological indications of demyelination to 
DVVHVV�LI�FRSSHU�GHĆFLHQF\�PD\�EH�DVVRFLDWHG�

 
.

&RSSHU�PD\�EHFRPH�GHĆFLHQW�RU�GHSOHWHG�LQ�WKH�SUHVHQFH�RI�
supplemental zinc intake at or above 60mg/day for prolonged 
periods of time. 
Because copper is critical to iron metabolism and red blood 
cell formation and function, anemia can be a clinical sign of 
FRSSHU�GHĆFLHQF\��DV�LURQ�EHFRPHV�WUDSSHG�LQ�WKH�OLYHU�ZLWKRXW�
adequate copper to facilitate transport.
Copper depletion is rare, but can be seen in Wilson’s disease, in 
which dietary copper intake does not affect copper status. 
6HYHUH� FRSSHU� GHĆFLHQF\� PD\� DOVR� OHDG� WR� FDUGLRYDVFXODU�
abnormalities and cardiomyopathy, however, some 
epidemiological studies suggest that elevated levels of copper 
may also be associated with increased atherosclerosis.
Low levels of neutrophils may be seen in individuals with 
FRSSHU�GHĆFLHQF\��DV�ZHOO�DV�DQHPLDV�WKDW�GR�QRW�UHVSRQG�WR�
iron supplementation. 
,Q� FKLOGUHQ�� FRSSHU� GHĆFLHQF\�PD\� OHDG� WR� LPSDLUHG� JURZWK��
neurological problems, and loss of skin pigmentation. 

Clinical Manifestations of Depletion  

5LFK� VRXUFHV� RI� FRSSHU� LQFOXGH� OLYHU�� VKHOOĆVK�� FDVKHZV��
hazelnuts, almonds, peanut butter, lentils, mushrooms, and 
VXQćRZHU�VHHGV�

Food Sources 

The RDA for copper in adults in 900 µg/day. 
The UL for copper is 10 mg/day, which has been shown not to 
produce liver damage in healthy individuals.
&RSSHU� VXSSOHPHQWDWLRQ� RI� ��PJ�GD\� LV� XVXDOO\� VXIĆFLHQW� WR�
FRUUHFW�GHĆFLHQFLHV�RI�FRSSHU��
Copper is most commonly available in the following 
supplemental forms: cupric oxide, copper gluconate, copper 
sulfate, copper amino acid chelates.
Some research suggests elevated blood levels of free unbound 
copper, which depletes zinc levels, may have an association 
with the onset of Alzheimer’s disease, and supplementation of 
FRSSHU�LQ�WKLV�SRSXODWLRQ�LV�QRW�UHFRPPHQGHG�LI�]LQF�GHĆFLHQF\�
is suspected. 
 
  

Supplement Options

Cu
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�ĞĮĐŝĞŶĐǇ� ŝƐ� ǀĞƌǇ� ƌĂƌĞ͕� ďƵƚ� ĐĂŶ� ŽĐĐƵƌ� ŝŶ�
ƉĂƟĞŶƚƐ� ƌĞĐĞŝǀŝŶŐ� /s� ƉĂƌĞŶƚĞƌĂů� ŶƵƚƌŝƟŽŶ͕�
ǁŝƚŚŽƵƚ�ƐƵƉƉůĞŵĞŶƚĂů�ĐŚƌŽŵŝƵŵ�ĂĚĚĞĚ͕�ĂŶĚ�
ŝŶĚŝǀŝĚƵĂůƐ� ǁŚŽ� ƌĞŐƵůĂƌůǇ� ƉĂƌƟĐŝƉĂƚĞ� ŝŶ�
ĞŶĚƵƌĂŶĐĞ�ĞǆĞƌĐŝƐĞ͘

͘

�ŚƌŽŵŝƵŵ� ĚĞĮĐŝĞŶĐǇ� ĐĂŶ� ĐŽŶƚƌŝďƵƚĞ� ƚŽ� ƚŚĞ�
ĚĞǀĞůŽƉŵĞŶƚ� ŽĨ� ĚŝĂďĞƚĞƐ� ĂŶĚ� ŵĞƚĂďŽůŝĐ�
ƐǇŶĚƌŽŵĞ͘� �ǀĞŶ� ŵŝůĚ� ĚĞĮĐŝĞŶĐŝĞƐ� ŽĨ�
ĐŚƌŽŵŝƵŵ� ĐĂŶ� ƉƌŽĚƵĐĞ� ƉƌŽďůĞŵƐ� ŝŶ� ďůŽŽĚ�
ƐƵŐĂƌ� ŵĞƚĂďŽůŝƐŵ͕� ĂŶĚ� ĐŽŶƚƌŝďƵƚĞ� ƚŽ� ŽƚŚĞƌ�
ƐǇŵƉƚŽŵƐ�ƐƵĐŚ�ĂƐ�ĂŶǆŝĞƚǇ�Žƌ�ĨĂƟŐƵĞ͘

�

&ŽŽĚ�ƐŽƵƌĐĞƐ�ŽĨ�ĐŚƌŽŵŝƵŵ�ŝŶĐůƵĚĞ͗�ďƌĞǁĞƌ Ɛ͛�
ǇĞĂƐƚ͕� ĞƐƉĞĐŝĂůůǇ� ďĞĞƌ͕ � � ďƌŽĐĐŽůŝ͕� ŐƌĂƉĞ� ũƵŝĐĞ͕�
ŵĞĂƚ�ĂŶĚ�ǁŚŽůĞͲŐƌĂŝŶ�ƉƌŽĚƵĐƚƐ͘�^ŽŵĞ�ĨƌƵŝƚƐ͕�
ǀĞŐĞƚĂďůĞƐ͕� ĂŶĚ� ƐƉŝĐĞƐ� ƉƌŽǀŝĚĞ� ĐŚƌŽŵŝƵŵ͘�
ZŽŵĂŝŶĞ� ůĞƩƵĐĞ͕� ƌĂǁ� ŽŶŝŽŶƐ� ĂŶĚ� ƌŝƉĞ�
ƚŽŵĂƚŽĞƐ�ĂƌĞ�Ăůů�ŐŽŽĚ�ƐŽƵƌĐĞƐ͘

dŚĞ��/�ĨŽƌ�ĐŚƌŽŵŝƵŵ�ŝƐ�ϯϱ�ђŐͬĚĂǇ�ĨŽƌ�ŵĞŶ�ĂŶĚ�
Ϯϱ�ђŐͬĚĂǇ�ĨŽƌ�ǁŽŵĞŶ͘
/ŶĐƌĞĂƐĞĚ� ŶĞĞĚƐ� ŵĂǇ� ďĞ� ƉƌĞƐĞŶƚ� ĚƵƌŝŶŐ�
ƉƌĞŐŶĂŶĐǇ�ĂŶĚ�ůĂĐƚĂƟŽŶ͘
^ƵƉƉůĞŵĞŶƚĂů� ĐŚƌŽŵŝƵŵ� ŝƐ� ŐĞŶĞƌĂůůǇ� ŶŽƚ�
ŶĞĞĚĞĚ� ĂƐ� ĚŝĞƚĂƌǇ� ĐŽŶƐƵŵƉƟŽŶ� ĞĂƐŝůǇ� ŵĞĞƚƐ�
ƉŚǇƐŝŽůŽŐŝĐĂů�ŶĞĞĚƐ͘�
^ƵƉƉůĞŵĞŶƚĂƟŽŶ� ŝƐ� ƉŽŽƌůǇ� ƐƚƵĚŝĞĚ� ĂŶĚ�
ŝŶƐƵĸĐŝĞŶƚ� ĞǀŝĚĞŶĐĞ� ĞǆŝƐƚƐ� ƚŽ� ƉƌŽǀŝĚĞ�
ƌĞĐŽŵŵĞŶĚĂƟŽŶƐ͕�ďƵƚ�ĐŚƌŽŵŝƵŵ�ƉŝĐŽůŝŶĂƚĞ�ŝƐ�Ă�
ĨŽƌŵ� ĐŽŵŵŽŶůǇ� ƵƐĞĚ� ŝŶ� ƚƌĞĂƚŵĞŶƚ� ŽĨ� ŝŶƐƵůŝŶ�
ƌĞƐŝƐƚĂŶĐĞ�ĂŶĚ�ĚŝĂďĞƚĞƐ͘

Cr�ŚƌŽŵŝƵŵ� ŝƐ� ĂŶ� ĞƐƐĞŶƟĂů� ŶƵƚƌŝĞŶƚ� ƵƐĞĚ� ŝŶ�
ƚƌĂĐĞ� ĂŵŽƵŶƚƐ� ŝŶ� ŚƵŵĂŶƐ� ƚŚĂƚ� ĂĐƚƐ� ĂƐ� Ă�
ĐŽĨĂĐƚŽƌ� ĨŽƌ� ĐŚƌŽŵŽĚƵůŝŶ͕� Ă� ƉĞƉƟĚĞ� ƚŚĂƚ�
ĞŶŚĂŶĐĞƐ� ƚŚĞ� ĞīĞĐƚ� ŽĨ� ŝŶƐƵůŝŶ� ŽŶ� ƚĂƌŐĞƚ�
ƟƐƐƵĞƐ͕� ǁŚŝĐŚ� ĂŝĚƐ� ŝŶ� ƌĞŐƵůĂƟŽŶ� ŽĨ� ďůŽŽĚ�
ƐƵŐĂƌ�ĂŶĚ�ůŝƉŝĚ�ŵĞƚĂďŽůŝƐŵ͘�

Physiological Function

How it gets depleted 

Clinical Manifestations of Depletion  

Food Sources 

Supplement Options

�ŚƌŽŵŝƵŵ�ŽĐĐƵƌƐ� ŝŶ�ƉƌŝŵĂƌŝůǇ� ƚǁŽ�ƐƚĂƚĞƐ͕� ƚƌŝǀĂůĞŶƚ�
ĐŚƌŽŵŝƵŵ� ;ĐŚƌŽŵŝƵŵ� ϯͿ� ƚǇƉŝĐĂůůǇ� ĨŽƵŶĚ� ŝŶ� ĨŽŽĚƐ�
ĂŶĚ� ŚĞǆĂǀĂůĞŶƚ� ĐŚƌŽŵŝƵŵ� ;ĐŚƌŽŵŝƵŵ� ϲͿ� ƚǇƉŝĐĂůůǇ�
ĨŽƵŶĚ� ŝŶ� ŝŶĚƵƐƚƌŝĂů� ƐŽƵƌĐĞƐ� ĂŶĚ� ƉŽůůƵƚĂŶƚƐ͘�
�ŚƌŽŵŝƵŵ� ϯ� ŝƐ�ŵƵĐŚ� ůĞƐƐ� ƚŽǆŝĐ� ƚŚĂŶ� ĐŚƌŽŵŝƵŵ� ϲ͘�
dŚĞ�ďŽĚǇ�ĐĂŶ�ĚĞƚŽǆŝĨǇ�ƐŽŵĞ�ĂŵŽƵŶƚ�ŽĨ�ĐŚƌŽŵŝƵŵ�ϲ�
ƚŽ� ĐŚƌŽŵŝƵŵ� ϯ� ƵƐŝŶŐ� ŐůƵƚĂƚŚŝŽŶĞ͕� ŚǇĚƌŽŐĞŶ�
ƉĞƌŽǆŝĚĞ͕�ŐůƵƚĂƚŚŝŽŶĞ�ƌĞĚƵĐƚĂƐĞ͕�ĂŶĚ�ĂƐĐŽƌďŝĐ�ĂĐŝĚ͘��
&Ğǁ� ƐĞƌŝŽƵƐ� ĂĚǀĞƌƐĞ� ĞīĞĐƚƐ� ŚĂǀĞ� ďĞĞŶ� ůŝŶŬĞĚ� ƚŽ�
ŚŝŐŚ� ŝŶƚĂŬĞƐ� ŽĨ� ĐŚƌŽŵŝƵŵ� ϯ͕� ƐŽ� ŶŽ� h>� ŚĂƐ� ďĞĞŶ�
ĞƐƚĂďůŝƐŚĞĚ� ĨŽƌ� ĐŚƌŽŵŝƵŵ� ϯ͘� KǀĞƌĞǆƉŽƐƵƌĞ� ƚŽ�
ĐŚƌŽŵŝƵŵ�ϲ�ĐĂŶ�ŽĐĐƵƌ�ŝŶ�ǁĞůĚĞƌƐ�ĂŶĚ�ŽƚŚĞƌ�ǁŽƌŬĞƌƐ�
ŝŶ� ƚŚĞ� ŵĞƚĂůůƵƌŐŝĐĂů� ŝŶĚƵƐƚƌǇ͕ � ƵƐĞ� ŽĨ�
ĐŚƌŽŵŝƵŵͲĐŽŶƚĂŝŶŝŶŐ� ƉĂŝŶƚƐ� ĂŶĚ� ƉƌŝŵĞƌƐ͕�
ŝŶĚŝǀŝĚƵĂůƐ� ǁŝƚŚ� ŵĞƚĂůůŝĐ� ƐƵƌŐŝĐĂů� ŝŵƉůĂŶƚƐ͕�
ŝŶĚŝǀŝĚƵĂůƐ�ǁŚŽ� ŝŶŐĞƐƚ� ĐŚƌŽŵŝƵŵ� ƐĂůƚƐ͘� �ŚƌŽŵŝƵŵ�
ƚŽǆŝĐŝƚǇ� ĐĂŶ� ŽĐĐƵƌ� ǀŝĂ� ŽƌĂů͕� ŝŶŚĂůĞĚ͕� Žƌ� ĚĞƌŵĂů�
ĂďƐŽƌƉƟŽŶ͘� �ŚƌŽŵŝƵŵ� ƚŽǆŝĐŝƚǇ͕ � ĚĞƉĞŶĚŝŶŐ� ƵƉŽŶ�
ƌŽƵƚĞ� ŽĨ� ĞǆƉŽƐƵƌĞ͕� ĐĂŶ� ĐĂƵƐĞ� ŶĂƵƐĞĂ͕� ǀŽŵŝƟŶŐ͕�
ĚŝĂƌƌŚĞĂ͕�ŵƵƐĐůĞ� ĐƌĂŵƉƐ͕� ƐŬŝŶ� ůĞƐŝŽŶƐ͕� ƐŝŶƵƐ͕�ŶĂƐĂů�
ĂŶĚ� ůƵŶŐ� ĐĂŶĐĞƌ͕ � ƌĞŶĂů� ĨĂŝůƵƌĞ͕� ůŝǀĞƌ� ĚĂŵĂŐĞ͕�
ĐŝƌĐƵůĂƚŽƌǇ�ĐŽůůĂƉƐĞ͕�ĐŽŵĂ�ĂŶĚ�ĚĞĂƚŚ͘
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/ƌŽŶ� ŝƐ� ƌĞƋƵŝƌĞĚ� ĨŽƌ� ƚŚĞ� ƉƌŽĚƵĐƟŽŶ� ŽĨ� ƌĞĚ� ďůŽŽĚ�
ĐĞůůƐ�;Ă�ƉƌŽĐĞƐƐ�ŬŶŽǁŶ�ĂƐ�ŚĞŵĂƚŽƉŽŝĞƐŝƐͿ͕�ďƵƚ�ŝƚΖƐ�
ĂůƐŽ�ƉĂƌƚ�ŽĨ�ŚĞŵŽŐůŽďŝŶ�;ƚŚĂƚ�ŝƐ�ƚŚĞ�ƉŝŐŵĞŶƚ�ŽĨ�ƚŚĞ�
ƌĞĚ� ďůŽŽĚ� ĐĞůůƐͿ� ďŝŶĚŝŶŐ� ƚŽ� ƚŚĞ� ŽǆǇŐĞŶ� ĂŶĚ� ƚŚƵƐ�
ĨĂĐŝůŝƚĂƟŶŐ� ŝƚƐ� ƚƌĂŶƐƉŽƌƚ� ĨƌŽŵ� ƚŚĞ� ůƵŶŐƐ� ǀŝĂ� ƚŚĞ�
ĂƌƚĞƌŝĞƐ�ƚŽ�Ăůů�ĐĞůůƐ�ƚŚƌŽƵŐŚŽƵƚ�ƚŚĞ�ďŽĚǇ͘�KŶĐĞ�ƚŚĞ�
ŽǆǇŐĞŶ� ŝƐ� ĚĞůŝǀĞƌĞĚ͕� ƚŚĞ� ŝƌŽŶ� ;ĂƐ� ƉĂƌƚ� ŽĨ�
ŚĞŵŽŐůŽďŝŶͿ� ďŝŶĚƐ� ƚŚĞ� ĐĂƌďŽŶ� ĚŝŽǆŝĚĞ� ǁŚŝĐŚ� ŝƐ�
ƚŚĞŶ�ƚƌĂŶƐƉŽƌƚĞĚ�ďĂĐŬ�ƚŽ�ƚŚĞ�ůƵŶŐ͕�ĨƌŽŵ�ǁŚĞƌĞ�ŝƚ�
ŐĞƚƐ�ĞǆŚĂůĞĚ͘�/ƌŽŶ�ŝƐ�ĂůƐŽ�ŝŶǀŽůǀĞĚ�ŝŶ�ƚŚĞ�ĐŽŶǀĞƌƐŝŽŶ�
ŽĨ�ďůŽŽĚ�ƐƵŐĂƌ�ƚŽ�ĞŶĞƌŐǇ͘

dŚĞ�ƉƌŽĚƵĐƟŽŶ�ŽĨ�ĞŶǌǇŵĞƐ�;ǁŚŝĐŚ�ƉůĂǇ�Ă�ǀŝƚĂů�ƌŽůĞ�
ŝŶ� ƚŚĞ� ƉƌŽĚƵĐƟŽŶ� ŽĨ� ŶĞǁ� ĐĞůůƐ͕� ĂŵŝŶŽ� ĂĐŝĚƐ͕�
ŚŽƌŵŽŶĞƐ� ĂŶĚ� ŶĞƵƌŽƚƌĂŶƐŵŝƩĞƌƐͿ� ĂůƐŽ� ĚĞƉĞŶĚƐ�
ŽŶ� ŝƌŽŶ͕� ƚŚŝƐ� ĂƐƉĞĐƚ� ďĞĐŽŵĞƐ� ĐƌƵĐŝĂů� ĚƵƌŝŶŐ� ƚŚĞ�
ƌĞĐŽǀĞƌǇ� ƉƌŽĐĞƐƐ� ĨƌŽŵ� ŝůůŶĞƐƐĞƐ� Žƌ� ĨŽůůŽǁŝŶŐ�
ƐƚƌĞŶƵŽƵƐ�ĞǆĞƌĐŝƐĞ͘

dŚĞ� ŝŵŵƵŶĞ� ƐǇƐƚĞŵ� ŝƐ� ĚĞƉĞŶĚĞŶƚ�ŽŶ� ŝƌŽŶ� ĨŽƌ� ŝƚƐ�
ĞĸĐŝĞŶƚ� ĨƵŶĐƟŽŶŝŶŐ͘�WŚǇƐŝĐĂů� ĂŶĚ�ŵĞŶƚĂů� ŐƌŽǁƚŚ�
ƌĞƋƵŝƌĞ� ƐƵĸĐŝĞŶƚ� ŝƌŽŶ� ůĞǀĞůƐ͕� ƉĂƌƟĐƵůĂƌůǇ�
ŝŵƉŽƌƚĂŶƚ�ŝŶ�ĐŚŝůĚŚŽŽĚ�ĂŶĚ�ƉƌĞŐŶĂŶĐǇ͕ �ǁŚĞƌĞ�ƚŚĞ�
ĚĞǀĞůŽƉŝŶŐ� ďĂďǇ� ƐŽůĞůǇ� ĚĞƉĞŶĚƐ� ŽŶ� ŝƚƐ� ŵŽƚŚĞƌΖƐ�
ŝƌŽŶ�ƐƵƉƉůŝĞƐ͘

/ƌŽŶ�ŝƐ� ůŽƐƚ�ďǇ�ƚŚĞ�ďŽĚǇ�ƚŚƌŽƵŐŚ�Ă�ǀĂƌŝĞƚǇ�ŽĨ�ǁĂǇƐ�
ŝŶĐůƵĚŝŶŐ� ƵƌŝŶĂƟŽŶ͕� ĚĞĨĞĐĂƟŽŶ͕� ƐǁĞĂƟŶŐ͕� ĂŶĚ�
ĞǆĨŽůŝĂƟŶŐ�ŽĨ�ŽůĚ�ƐŬŝŶ�ĐĞůůƐ͘��ůĞĞĚŝŶŐ�ĐŽŶƚƌŝďƵƚĞƐ�ƚŽ�
ĨƵƌƚŚĞƌ� ůŽƐƐ� ŽĨ� ŝƌŽŶ�ǁŚŝĐŚ� ŝƐ� ǁŚǇ�ǁŽŵĞŶ� ŚĂǀĞ� Ă�
ŚŝŐŚĞƌ�ĚĞŵĂŶĚ�ĨŽƌ�ŝƌŽŶ�ƚŚĂŶ�ŵĞŶ͘�/Ĩ�ŝƌŽŶ�ƐƚŽƌĞƐ�ĂƌĞ�
ůŽǁ͕� ŶŽƌŵĂů� ŚĞŵŽŐůŽďŝŶ� ƉƌŽĚƵĐƟŽŶ� ƐůŽǁƐ� ĚŽǁŶ͕�
ǁŚŝĐŚ� ŵĞĂŶƐ� ƚŚĞ� ƚƌĂŶƐƉŽƌƚ� ŽĨ� ŽǆǇŐĞŶ� ŝƐ�
ĚŝŵŝŶŝƐŚĞĚ͕�ƌĞƐƵůƟŶŐ�ŝŶ�ƐǇŵƉƚŽŵƐ�ƐƵĐŚ�ĂƐ�ĨĂƟŐƵĞ͕�
ĚŝǌǌŝŶĞƐƐ͕�ůŽǁĞƌĞĚ�ŝŵŵƵŶŝƚǇ�Žƌ�ƌĞĚƵĐĞĚ�ĂďŝůŝƚǇ�ĨŽƌ�
ĂƚŚůĞƚĞƐ� ƚŽ� ŬĞĞƉ�ƵƉ�ǁŝƚŚ� ƚŚĞŝƌ� ƚƌĂŝŶŝŶŐ�ƉƌŽŐƌĂŵƐ͘�
^ŝŶĐĞ�ŽƵƌ�ďŽĚŝĞƐ�ĐĂŶ͛ƚ�ƉƌŽĚƵĐĞ�ŝƌŽŶ�ŝƚƐĞůĨ͕ �ǁĞ�ŶĞĞĚ�
ƚŽ�ŵĂŬĞ� ƐƵƌĞ�ǁĞ� ĐŽŶƐƵŵĞ� ƐƵĸĐŝĞŶƚ� ĂŵŽƵŶƚƐ� ŽĨ�
ŝƌŽŶ�ĂƐ�ƉĂƌƚ�ŽĨ�ŽƵƌ�ĚĂŝůǇ�ĚŝĞƚ͘

 
͘

^ǇŵƉƚŽŵƐ� ŽĨ� ŝƌŽŶ� ĚĞĮĐŝĞŶĐǇ� ĐĂŶ� ŽĐĐƵƌ� ĞǀĞŶ� ďĞĨŽƌĞ� ƚŚĞ�
ĐŽŶĚŝƟŽŶ� ŚĂƐ� ƉƌŽŐƌĞƐƐĞĚ� ƚŽ� ŝƌŽŶ� ĚĞĮĐŝĞŶĐǇ� ĂŶĞŵŝĂ͘�
^ǇŵƉƚŽŵƐ� ŽĨ� ŝƌŽŶ� ĚĞĮĐŝĞŶĐǇ� ĂƌĞ� ŶŽƚ� ƵŶŝƋƵĞ� ƚŽ� ŝƌŽŶ�
ĚĞĮĐŝĞŶĐǇ͘

/ƌŽŶ�ŝƐ�ŶĞĞĚĞĚ�ĨŽƌ�ŵĂŶǇ�ĞŶǌǇŵĞƐ�ƚŽ�ĨƵŶĐƟŽŶ�ŶŽƌŵĂůůǇ͕ �ƐŽ�Ă
ǁŝĚĞ�ƌĂŶŐĞ�ŽĨ�ƐǇŵƉƚŽŵƐ�ŵĂǇ�ĞǀĞŶƚƵĂůůǇ�ĞŵĞƌŐĞ͕�ĞŝƚŚĞƌ�ĂƐ�
ƚŚĞ� ƐĞĐŽŶĚĂƌǇ� ƌĞƐƵůƚ� ŽĨ� ƚŚĞ� ĂŶĞŵŝĂ͕� Žƌ� ĂƐ� ŽƚŚĞƌ� ƉƌŝŵĂƌǇ�
ƌĞƐƵůƚƐ� ŽĨ� ŝƌŽŶ� ĚĞĮĐŝĞŶĐǇ͘� ^ǇŵƉƚŽŵƐ� ŽĨ� ŝƌŽŶ� ĚĞĮĐŝĞŶĐǇ�
ŝŶĐůƵĚĞ͗� ĨĂƟŐƵĞ͕� ĚŝǌǌŝŶĞƐƐ͕� ƉĂůůŽƌ͕ � ŚĂŝƌ� ůŽƐƐ͕� ƚǁŝƚĐŚĞƐ͕�
ŝƌƌŝƚĂďŝůŝƚǇ͕ �ǁĞĂŬŶĞƐƐ͕�ƉŝĐĂ͕�ďƌŝƩůĞ�Žƌ�ŐƌŽŽǀĞĚ�ŶĂŝůƐ͘

DŝůĚ� ŝƌŽŶ� ĚĞĮĐŝĞŶĐǇ� ĐĂŶ� ďĞ� ƉƌĞǀĞŶƚĞĚ� Žƌ� ĐŽƌƌĞĐƚĞĚ� ďǇ�
ĞĂƟŶŐ� ŝƌŽŶͲƌŝĐŚ� ĨŽŽĚƐ� ĂŶĚ� ďǇ� ĐŽŽŬŝŶŐ� ŝŶ� ĂŶ� ŝƌŽŶ� ƐŬŝůůĞƚ͘�
�ĞĐĂƵƐĞ�ŝƌŽŶ�ŝƐ�Ă�ƌĞƋƵŝƌĞŵĞŶƚ�ĨŽƌ�ŵŽƐƚ�ƉůĂŶƚƐ�ĂŶĚ�ĂŶŝŵĂůƐ͕�
Ă� ǁŝĚĞ� ƌĂŶŐĞ� ŽĨ� ĨŽŽĚƐ� ƉƌŽǀŝĚĞ� ŝƌŽŶ͘� 'ŽŽĚ� ƐŽƵƌĐĞƐ� ŽĨ�
ĚŝĞƚĂƌǇ�ŝƌŽŶ�ŚĂǀĞ�ŚĞŵĞͲŝƌŽŶ�ĂƐ�ƚŚŝƐ�ŝƐ�ŵŽƐƚ�ĞĂƐŝůǇ�ĂďƐŽƌďĞĚ�
ĂŶĚ� ŝƐ� ŶŽƚ� ŝŶŚŝďŝƚĞĚ� ďǇ� ŵĞĚŝĐĂƟŽŶ� Žƌ� ŽƚŚĞƌ� ĚŝĞƚĂƌǇ�
ĐŽŵƉŽŶĞŶƚƐ͘�dǁŽ�ĞǆĂŵƉůĞƐ�ĂƌĞ�ƌĞĚ�ŵĞĂƚ͕�ĂŶĚ�ƉŽƵůƚƌǇ͘��

EŽŶͲŚĞŵĞ�ƐŽƵƌĐĞƐ�ĚŽ�ĐŽŶƚĂŝŶ�ŝƌŽŶ͕�ƚŚŽƵŐŚ�ŝƚ�ŚĂƐ�ƌĞĚƵĐĞĚ�
ďŝŽĂǀĂŝůĂďŝůŝƚǇ͘� �ǆĂŵƉůĞƐ� ĂƌĞ� ůĞŶƟůƐ͕� ďĞĂŶƐ͕� ůĞĂĨǇ�
ǀĞŐĞƚĂďůĞƐ͕�ƉŝƐƚĂĐŚŝŽƐ͕� ƚŽĨƵ͕� ĨŽƌƟĮĞĚ�ďƌĞĂĚ͕�ĂŶĚ� ĨŽƌƟĮĞĚ�
ďƌĞĂŬĨĂƐƚ� ĐĞƌĞĂůƐ͘� /ƌŽŶ� ĨƌŽŵ� ĚŝīĞƌĞŶƚ� ĨŽŽĚƐ� ŝƐ� ĂďƐŽƌďĞĚ�
ĂŶĚ�ƉƌŽĐĞƐƐĞĚ�ĚŝīĞƌĞŶƚůǇ�ďǇ�ƚŚĞ�ďŽĚǇ͖�ĨŽƌ�ŝŶƐƚĂŶĐĞ͕�ŝƌŽŶ�ŝŶ�
ŵĞĂƚ�;ŚĞŵĞ�ŝƌŽŶ�ƐŽƵƌĐĞͿ�ŝƐ�ŵŽƌĞ�ĞĂƐŝůǇ�ĂďƐŽƌďĞĚ�ƚŚĂŶ�ŝƌŽŶ�
ŝŶ� ŐƌĂŝŶƐ� ĂŶĚ� ǀĞŐĞƚĂďůĞƐ� ;ŶŽŶͲŚĞŵĞ� ŝƌŽŶ� ƐŽƵƌĐĞͿ� ďƵƚ�
ŚĞŵĞͬŚĞŵŽŐůŽďŝŶ� ĨƌŽŵ�ƌĞĚ�ŵĞĂƚ�ŚĂƐ�ĞīĞĐƚƐ�ǁŚŝĐŚ�ŵĂǇ�
ŝŶĐƌĞĂƐĞ�ƚŚĞ�ůŝŬĞůŝŚŽŽĚ�ŽĨ�ĐŽůŽƌĞĐƚĂů�ĐĂŶĐĞƌ͘ �DŝŶĞƌĂůƐ�ĂŶĚ�
ĐŚĞŵŝĐĂůƐ�ŝŶ�ŽŶĞ�ƚǇƉĞ�ŽĨ�ĨŽŽĚ�ŵĂǇ�ĂůƐŽ�ŝŶŚŝďŝƚ�ĂďƐŽƌƉƟŽŶ�
ŽĨ�ŝƌŽŶ�ĨƌŽŵ�ĂŶŽƚŚĞƌ�ƚǇƉĞ�ŽĨ�ĨŽŽĚ�ĞĂƚĞŶ�Ăƚ�ƚŚĞ�ƐĂŵĞ�ƟŵĞ͘�
&Žƌ� ĞǆĂŵƉůĞ͕� ŽǆĂůĂƚĞƐ� ĂŶĚ� ƉŚǇƟĐ� ĂĐŝĚ� ĨŽƌŵ� ŝŶƐŽůƵďůĞ�
ĐŽŵƉůĞǆĞƐ� ǁŚŝĐŚ� ďŝŶĚ� ŝƌŽŶ� ŝŶ� ƚŚĞ� ŐƵƚ� ďĞĨŽƌĞ� ŝƚ� ĐĂŶ� ďĞ�
ĂďƐŽƌďĞĚ͘

�ĞĐĂƵƐĞ� ŝƌŽŶ� ĨƌŽŵ� ƉůĂŶƚ� ƐŽƵƌĐĞƐ� ŝƐ� ůĞƐƐ� ĞĂƐŝůǇ� ĂďƐŽƌďĞĚ�
ƚŚĂŶ�ƚŚĞ�ŚĞŵĞ�ďŽƵŶĚ�ŝƌŽŶ�ŽĨ�ĂŶŝŵĂů�ƐŽƵƌĐĞƐ͕�ǀĞŐĞƚĂƌŝĂŶƐ�
ĂŶĚ�ǀĞŐĂŶƐ�ƐŚŽƵůĚ�ŚĂǀĞ�Ă�ƐŽŵĞǁŚĂƚ�ŚŝŐŚĞƌ�ƚŽƚĂů�ĚĂŝůǇ�ŝƌŽŶ�
ŝŶƚĂŬĞ�ƚŚĂŶ�ƚŚŽƐĞ�ǁŚŽ�ĞĂƚ�ŵĞĂƚ͕�ĮƐŚ�Žƌ�ƉŽƵůƚƌǇ͘�>ĞŐƵŵĞƐ�
ĂŶĚ� ĚĂƌŬͲŐƌĞĞŶ� ůĞĂĨǇ� ǀĞŐĞƚĂďůĞƐ� ůŝŬĞ� ďƌŽĐĐŽůŝ͕� ŬĂůĞ� ĂŶĚ�
ŽƌŝĞŶƚĂů� ŐƌĞĞŶƐ� ĂƌĞ� ĞƐƉĞĐŝĂůůǇ� ŐŽŽĚ� ƐŽƵƌĐĞƐ� ŽĨ� ŝƌŽŶ� ĨŽƌ�
ǀĞŐĞƚĂƌŝĂŶƐ�ĂŶĚ�ǀĞŐĂŶƐ͘�,ŽǁĞǀĞƌ͕ �ƐƉŝŶĂĐŚ�ĂŶĚ�^ǁŝƐƐ�ĐŚĂƌĚ�
ĐŽŶƚĂŝŶ�ŽǆĂůĂƚĞƐ�ǁŚŝĐŚ�ďŝŶĚ�ŝƌŽŶ�ŵĂŬŝŶŐ�ŝƚ�ĂůŵŽƐƚ�ĞŶƟƌĞůǇ�
ƵŶĂǀĂŝůĂďůĞ�ĨŽƌ�ĂďƐŽƌƉƟŽŶ͘�/ƌŽŶ�ĨƌŽŵ�ŶŽŶŚĞŵĞ�ƐŽƵƌĐĞƐ�ŝƐ�
ŵŽƌĞ� ƌĞĂĚŝůǇ� ĂďƐŽƌďĞĚ� ŝĨ� ĐŽŶƐƵŵĞĚ� ǁŝƚŚ� ĨŽŽĚƐ� ƚŚĂƚ�
ĐŽŶƚĂŝŶ�ĞŝƚŚĞƌ�ŚĞŵĞͲ�ďŽƵŶĚ�ŝƌŽŶ�Žƌ�ǀŝƚĂŵŝŶ��͘�

&ƌĞƋƵĞŶƚůǇ� ƵƐĞĚ� ĨŽƌŵƐ� ŽĨ� ŝƌŽŶ� ŝŶ� ƐƵƉƉůĞŵĞŶƚƐ� ŝŶĐůƵĚĞ�
ĨĞƌƌŽƵƐ�ĂŶĚ�ĨĞƌƌŝĐ�ŝƌŽŶ�ƐĂůƚƐ͕�ƐƵĐŚ�ĂƐ�ĨĞƌƌŽƵƐ�ƐƵůĨĂƚĞ͕�ĨĞƌƌŽƵƐ�
ŐůƵĐŽŶĂƚĞ͕� ĨĞƌƌŝĐ� ĐŝƚƌĂƚĞ͕� ĂŶĚ� ĨĞƌƌŝĐ� ƐƵůĨĂƚĞ͘��ĞĐĂƵƐĞ�ŽĨ� ŝƚƐ�
ŚŝŐŚĞƌ� ƐŽůƵďŝůŝƚǇ͕ � ĨĞƌƌŽƵƐ� ŝƌŽŶ� ŝŶ� ĚŝĞƚĂƌǇ� ƐƵƉƉůĞŵĞŶƚƐ� ŝƐ�
ŵŽƌĞ� ďŝŽĂǀĂŝůĂďůĞ� ƚŚĂŶ� ĨĞƌƌŝĐ� ŝƌŽŶ͘� ,ŝŐŚ� ĚŽƐĞƐ� ŽĨ�
ƐƵƉƉůĞŵĞŶƚĂů� ŝƌŽŶ� ;ϰϱ� ŵŐͬĚĂǇ� Žƌ� ŵŽƌĞͿ� ŵĂǇ� ĐĂƵƐĞ�
ŐĂƐƚƌŽŝŶƚĞƐƟŶĂů� ƐŝĚĞ� ĞīĞĐƚƐ͕� ƐƵĐŚ� ĂƐ� ŶĂƵƐĞĂ� ĂŶĚ�
ĐŽŶƐƟƉĂƟŽŶ͘� KƚŚĞƌ� ĨŽƌŵƐ� ŽĨ� ƐƵƉƉůĞŵĞŶƚĂů� ŝƌŽŶ͕� ƐƵĐŚ� ĂƐ�
ŚĞŵĞ� ŝƌŽŶ� ƉŽůǇƉĞƉƟĚĞƐ͕� ĐĂƌďŽŶǇů� ŝƌŽŶ͕� ŝƌŽŶ� ĂŵŝŶŽͲĂĐŝĚ�
ĐŚĞůĂƚĞƐ͕� ĂŶĚ� ƉŽůǇƐĂĐĐŚĂƌŝĚĞͲŝƌŽŶ� ĐŽŵƉůĞǆĞƐ͕�ŵŝŐŚƚ� ŚĂǀĞ�
ĨĞǁĞƌ� ŐĂƐƚƌŽŝŶƚĞƐƟŶĂů� ƐŝĚĞ� ĞīĞĐƚƐ� ƚŚĂŶ� ĨĞƌƌŽƵƐ� Žƌ� ĨĞƌƌŝĐ�
ƐĂůƚƐ͘� � DĂŶǇ� ŵĞĚŝĐŝŶĂů� ŚĞƌďƐ� ĐĂŶ� ŽīĞƌ� ŝƌŽŶ� ďŽŽƐƟŶŐ�
ƉƌŽƉĞƌƟĞƐ�ƚŽ�ƚŚŽƐĞ�ǁŚŽ�ƐƵīĞƌ�ĨƌŽŵ�ŝƌŽŶ�ĚĞĮĐŝĞŶĐǇ͘�dŚĞƐĞ�
ŵĞĚŝĐŝŶĂů� ƉƌŽƉĞƌƟĞƐ� ĐĂŶ� ĞĂƐŝůǇ� ďĞ� ĂƐƐŝŵŝůĂƚĞĚ� ŝŶƚŽ� ƚŚĞ�
ďůŽŽĚƐƚƌĞĂŵ�ĂƐ�Ă�ŚŽƚ�ǁĂƚĞƌ�ŝŶĨƵƐŝŽŶ�;ƚĞĂͿ͘�/ƌŽŶ�ĞŶŚĂŶĐŝŶŐ�
ŚĞƌďƐ� ŝŶĐůƵĚĞ� ǇĞůůŽǁ� ĚŽĐŬ͕� ƌĞĚ� ƌĂƐƉďĞƌƌǇ� ůĞĂĨ͕ � ŐĞŶƟĂŶ͕�
ǇĞůůŽǁ� ƌŽŽƚ͕� ƚƵƌŵĞƌŝĐ͕� ŵƵůůĞŝŶ͕� ŶĞƩůĞ͕� ƉĂƌƐůĞǇ͕ � ŐŝŶƐĞŶŐ͕�
ǁĂƚĞƌĐƌĞƐƐ͕�ĂŶĚ�ĚĂŶĚĞůŝŽŶ͘
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Clinical Manifestations of Excess/
Risk for Toxicity
/ƌŽŶ� ůĞǀĞůƐ� ĂƌĞ� ƚǇƉŝĐĂůůǇ� ĞǀĂůƵĂƚĞĚ� ŝŶ� ĐŽŶũƵĐŶƟŽŶ�
ǁŝƚŚ�ŽƚŚĞƌ�ŝƌŽŶ�ƚĞƐƚƐ�Žƌ�Ă�ĨƵůů�ĂŶĞŵŝĂ�ƉĂŶĞů͘��,ŝŐŚ�
ůĞǀĞůƐ� ŽĨ� ƐĞƌƵŵ� ŝƌŽŶ� ĐĂŶ� ŽĐĐƵƌ� ĂƐ� ƚŚĞ� ƌĞƐƵůƚ� ŽĨ�
ŵƵůƟƉůĞ� ďůŽŽĚ� ƚƌĂŶƐĨƵƐŝŽŶƐ͕� ĞǆĐĞƐƐŝǀĞ� ŝƌŽŶ�
ƐƵƉƉůĞŵĞŶƚĂƟŽŶ� Žƌ� ŝŶũĞĐƟŽŶƐ͕� ůĞĂĚ� ƉŽŝƐŽŶŝŶŐ͕�
ůŝǀĞƌ� Žƌ� ŬŝĚŶĞǇ� ĚŝƐĞĂƐĞ͘� � �ůĞǀĂƚĞĚ� ŝƌŽŶ� ůĞǀĞůƐ� ĐĂŶ�
ĂůƐŽ� ďĞ� ĚƵĞ� ƚŽ� ƚŚĞ� ŐĞŶĞƟĐ� ĚŝƐĞĂƐĞ�
ŚĞŵŽĐŚŽŵĂƚŽƐŝƐͲǁŚĞŶ� ƚŽŽ� ŵƵĐŚ� ŝƌŽŶ�
ĂĐĐƵŵƵůĂƚĞƐ�ŝŶ�ƚŚĞ�ďŽĚǇ�ĂŶĚ�ĐĂŶ�ĚĂŵĂŐĞ�ŽƌŐĂŶƐ͘��

,ŝŐŚ� ŝƌŽŶ� ůĞǀĞůƐ� ĨƌŽŵ�ĚŝĞƚĂƌǇ�Žƌ� ƐƵƉƉůĞŵĞŶƚĂƟŽŶ�
ĂƌĞ� ŵŽƌĞ� ůŝŬĞůǇ� ŝŶ� ŵĞŶ͕� ĂŶĚ� ǁŽŵĞŶ� ĂŌĞƌ�
ŵĞŶŽƉĂƵƐĞ�ďĞĐĂƵƐĞ�ƚŚĞǇ�ĚŽ�ŶŽƚ�ůŽƐĞ�ŝƌŽŶ�ŝŶ�ďůŽŽĚ͘

METABOLITES
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Choline is metabolized within cellular 
mitochondria resulting in production of 
trimethylglycine; TMG plays a role in supporting 
methyl donation processes either directly 
(methylating homocysteine) or indirectly 
through supporting production of S-adenosyl 
methionine (SAMe). Choline is converted into 
acetylcholine (ACh).

How it gets depleted 

Depletion of choline is typically not a concern, and 
limited information exists on how depletion would 
happen primarily, however, lower intake of choline 
PD\�OHDG�WR�LQHIĆFLHQW�PHWK\ODWLRQ�

'HĆFLHQF\� LQ�GLHWDU\�FKROLQH� LV�NQRZQ�WR� LQFUHDVH�KHSDWLF�
triglyceride accumulation. This results in lower blood 
triglycerides, but increased accumulation of triglycerides in 
the liver.

Subjects with a mutation in the MTHFR enzyme  seem to 
place more burden on choline in methylation cycles. 
Depletion of choline can also lead to muscle damage.

Clinical Manifestations of Depletion  

Eggs, liver, and peanuts are the best sources of choline. Poultry, 
ĆVK��DQG�FUXFLIHURXV�YHJJLHV�DUH�JRRG�VRXUFHV�RI�FKROLQH�

*Dietary choline sources, including lecithin 
(phosphatidylcholine), may increase serum TMAO in humans, 
although the evidence is mixed.

Food Sources 

The AI for choline is 425 mg/day for women and 550 mg/day 
for men.
The UL is 3,500 mg/day.
Choline bitartrate is the most common supplemental form of 
choline for most general purposes, such as liver health.
CDP-Choline and Alpha-GPC are commonly used for 
nootropic purposes.
Supplemental choline can enhance systemic methylation. 
([FHVVLYH� FRQVXPSWLRQ� RI� FKROLQH� ă������ PJ� KDV� EHHQ�
DVVRFLDWHG�ZLWK�ORZ�EORRG�SUHVVXUH��H[FHVVLYH�VZHDWLQJ��ĆVK\�
body odor, and gastrointestinal side effects. 

Supplement Options

Physiological Function

Choline 

Page 14 of 29



Inositol derivatives are used in the cellular 
signaling process after the insulin receptor is 
activated; it is crucial for the development of 
peripheral nerves,  helps move fats out of the liver, 
promotes the production of lecithin, and is 
anti-arteriosclerotic, and anti-atherogenic.

How it gets depleted 

Inositol can be released from phytate compounds 
via intestinal bacteria breaking phytate-degrading 
enzymes (Lactobacillus plantarum, Lactobacillus 
brevis, Lactobacillus curvatus, L. gasseri B. subtilis 
and Saccharomyces cerevisiae). 

If many courses of antibiotics are used, there may 
be some depletion of inositol from microbiome 
conversion. 

Inositol is  also stored in the liver, spinal cord 
QHUYHV��DQG�LQ�WKH�EUDLQ�DQG�FHUHEUDO�VSLQDO�ćXLG�

There do not appear to be any clinical manifestations of 
depletion of inositol. Inositol can be synthesized in the 
human body from glucose-6-phosphate, a derivative of 
JOXFRVH��WKHUHIRUH��GHĆFLHQF\�ZRXOG�EH�UDUH��
Urinary levels of inositol derivatives (D-chiro-inositols and 
myo-inositols) are seen as a biomarker for insulin 
resistance.
&RQGLWLRQV�DVVRFLDWHG�ZLWK�GHSOHWLRQ�RI� LQRVLWRO�� KRZHYHU��
are depression, anxiety, PCOS, diabetes, CVD, and obesity.

Clinical Manifestations of Depletion  

Good dietary sources of inositol include: oranges, cantaloupe, 
SUXQHV�� QDY\� EHDQV�� JUDSHIUXLW�� OLPHV�� EODFNEHUULHV�� NLZLV��
UXWDEDJDV�� IUHVK� JUHHQ� EHDQV�� XQUHĆQHG� PRODVVHV�� VWRQH�
JURXQG�ZKHDW��EUDQ�ćDNHV��DQG�SXPSHUNQLFNHO�

Food Sources 

There is currently no established RDA, AI, or UL for inositol. 
0\R�LQRVLWRO�LV�QRWHG�IRU�LWV�EHQHĆWV�WR�IHPDOH�IHUWLOLW\�DQG�
insulin sensitivity, and is used often in treatment for PCOS in 
dosages of 2-4g/day. 
Higher doses of inositol are used to treat psychiatric 
conditions like depression and anxiety/OCD in much higher 
doses of 12-18 g/day; some mild gastrointestinal distress is 
QRWHG�ZLWK�WKH�KLJKHU�GRVHV�DQG�PD\�QHHG�WR�EH�FRQVXPHG�LQ�
split doses.
/RZHULQJ�EORRG�JOXFRVH�FDQ�EH�VHHQ�ZLWK�GRVHV�RI� LQRVLWRO�
around 2-4 g/day.
&XUUHQWO\� VXSSOHPHQWDWLRQ� RI� LQRVLWRO� KDV� VKRZQ� VRPH�
promise in treating Alzheimer’s to reduce progression of 
ĆEULO�IRUPDWLRQ��
,QRVLWRO� PD\� GHFUHDVH� /'/�&� DQG� $SR%� LQ� SHUVRQV� ZLWK�
PHWDEROLF�V\QGURPH�ZLWK�GRVHV�RI������J�GD\�
'RVHV� RI� LQRVLWRO� RI� �� J�GD\� KDYH� EHHQ� DVVRFLDWHG� ZLWK�
improvement of all markers of glycemic control and insulin 
resistance in gestational diabetes.

Supplement Options

Inositol

Physiological Function
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Carnitine is an essential co-factor in the 
metabolism of lipids and the production of 
cellular energy. It promotes neuroprotection 
through antioxidant properties and modulation 
and promotion of synaptic neurotransmission. 
Carnitine can be rate-limiting in ketone body 
uptake by brain astrocytes, and also reduces 
oxidative stress.

Physiological Function

How it gets depleted 

&DUQLWLQH� GHĆFLHQF\� LV� UDUH� LQ� LQGLYLGXDOV� ZKR�
consume an omnivorous diet. Iron and Vitamin C 
are required for endogenous carnitine synthesis, 
and endogenous synthesis can also be impaired 
by severe liver disorders. 

'HĆFLHQF\� PD\� EH� IRXQG� LQ� YHJHWDULDQV� DQG�
YHJDQV��DQG�LQGLYLGXDOV�ZLWK�LPSDLUHG�DEVRUSWLRQ�
RI� QXWULHQWV�� VXFK� DV� LQ� LQćDPPDWRU\� ERZHO�
disorders and celiac disease. 

There may be increased demand for carnitine 
during ketosis. 

6\PSWRPV� RI� FDUQLWLQH� GHSOHWLRQ� RU� GHĆFLHQF\� LQFOXGH��
male infertility, impaired muscle metabolism of energy, 
ZKLFK� FDQ� FDXVH� P\RSDWK\�� K\SRJO\FHPLD�� PXVFOH�
necrosis, myoglobinuria, lipid-storage myopathy, 
K\SRJO\FHPLD�� IDWW\� OLYHU�� DQG� K\SHUDPPRQHPLD� ZLWK�
muscle aches, fatigue, confusion, and cardiomyopathy.

Clinical Manifestations of Depletion  

Carnitine is found naturally occurring in high amounts in 
red meat, eggs, and dairy products.

Food Sources 

There is currently no established RDA, AI, or UL for 
carnitine intake.
Supplementation of carnitine has been used in treatment 
of chronic degenerative diseases of the brain and for 
VORZLQJ�GRZQ�WKH�SURJUHVVLRQ�RI�$O]KHLPHU
V�GLVHDVH�
Carnitine supplementation in athletes has not been 
VKRZQ�WR�FRQVLVWHQWO\�SURGXFH�SHUIRUPDQFH�EHQHĆWV��
Carnitine comes in supplement form as L-carnitine.
Some research suggests that diets high in carnitine may 
KDYH�DVVRFLDWLRQV�ZLWK�FDUGLRYDVFXODU� LQćDPPDWLRQ�GXH�
to the over-abundance of opportunistic microbes that 
convert dietary carnitine to trimethylamine oxidase 
(TMAO). Consider testing levels of these bacteria to 
assess if TMAO levels are due to intestinal dysbiosis.

Supplement Options

Carnitine 
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Methylmalonyl-CoA is converted into 
ƐƵĐĐŝŶǇůͲ�Ž��ŝŶ�Ă�ƌĞĂĐƟŽŶ�ƚŚĂƚ�ƌĞƋƵŝƌĞƐ��ϭϮ�
as a cofactor; succinyl-CoA then enters the 
<ƌĞďƐ� ĐǇĐůĞ�ǁŚĞƌĞ� ŝƚ� ĨƵŶĐƟŽŶƐ� ƚŽ� ƉƌŽĚƵĐĞ�
energy.

DD�� ĚŽĞƐ� ŶŽƚ� ŐĞƚ� ĚĞƉůĞƚĞĚ͕� ĂƐ� ŝƚ� ŝƐ� Ă�
ŵĂƌŬĞƌ�ŽĨ��ϭϮ�ƐƚĂƚƵƐ͕�ŚŽǁĞǀĞƌ͕ ��ϭϮ�ĐĂŶ�ďĞ�
ĚĞƉůĞƚĞĚ�ƚŚƌŽƵŐŚ�ĞŝƚŚĞƌ�ŝŶĂĚĞƋƵĂƚĞ�ĚŝĞƚĂƌǇ�
ĐŽŶƐƵŵƉƟŽŶ͕� Žƌ� ƌĞĚƵĐĞĚ� ŵĞƚŚǇůĂƟŽŶ� ŽĨ�
cyanocobalamin to methylcobalamin.

Levels of MMA are elevated in 90-98% of 
ƉĂƟĞŶƚƐ�ǁŝƚŚ��ϭϮ�ĚĞĮĐŝĞŶĐǇ͘

It is not recommended to test MMA levels in 
ƚŚĞ� ĞůĚĞƌůǇ͕ � ĂƐ� ƚŚĞǇ� ĐĂŶ� ďĞ� ĞůĞǀĂƚĞĚ� ŝŶ� ƚŚĞ�
ĂďƐĞŶĐĞ� ŽĨ� Ă� �ϭϮ� ĚĞĮĐŝĞŶĐǇ� ŝŶ� ƚŚŝƐ�
ƉŽƉƵůĂƟŽŶ͘

There are no food sources of MMA.  

&ŽŽĚ�ƐŽƵƌĐĞƐ�ŽĨ��ϭϮ�ŝŶĐůƵĚĞ͗�ĂŶŝŵĂů�ƉƌŽƚĞŝŶƐ͕�
ŝŶĐůƵĚŝŶŐ� ĚĂŝƌǇ͘ � Ύ&ŽƌƟĮĞĚ� ďƌĞĂŬĨĂƐƚ� ĐĞƌĞĂůƐ�
ŵĂǇ�ĂůƐŽ�ĐŽŶƚĂŝŶ��ϭϮ͘

�ŽŶƐŝĚĞƌ� ƐƵƉƉůĞŵĞŶƚ� ƌĞĐŽŵŵĞŶĚĂƟŽŶƐ� ĨŽƌ�
�ϭϮ͘

Methylmalonic 
acid 

MMA (Methylmalonic Acid) is a metabolite (or 
ŵĞƚĂďŽůŝĐ� ďǇƉƌŽĚƵĐƚͿ� ŽĨ� ŵĞƚŚǇůŵĂůŽŶǇů� �Ž�͕�
which normally converts to succinyl CoA during 
ƌĞĂĐƟŽŶƐ� ŝŶ� ƚŚĞ� ŬƌĞďƐ� ĐǇĐůĞ� ;ŽŶĞ�ŽĨ� ƚŚĞ�ŵĂŝŶ�
ďŽĚǇ� ĐǇĐůĞƐ� ƚŽ� ƉƌŽĚƵĐĞ� �dWͿ͘� sŝƚĂŵŝŶ� �ϭϮ� ŝƐ�
ƌĞƋƵŝƌĞĚ�ĨŽƌ�ƚŚŝƐ�ĐŽŶǀĞƌƐŝŽŶ͕�ƐŽ�ǁŚĞŶ�ƚŚĞƌĞ� ŝƐ�
sŝƚĂŵŝŶ� �ϭϮ� ĚĞĮĐŝĞŶĐǇ͕ � ŵĞƚŚǇůŵĂůŽŶŝĐ� ĂĐŝĚ�
ĂĐĐƵŵƵůĂƚĞƐ� ŝŶ�ƚŚĞ�ďůŽŽĚ�ĂŶĚ�ƉƌŽĚƵĐĞƐ�DD��
ĂƐ�Ă�ďǇƉƌŽĚƵĐƚ͘��DD��ŝƐ�Ă�ƚŽǆŝĐ�ĐŽŵƉŽƵŶĚ�ƐŽ�
ƚŚĞ�ŚŝŐŚĞƌ�ƚŚĞ�ůĞǀĞů�ŽĨ�DD��ĐŝƌĐƵůĂƟŶŐ�ŝŶ�ƚŚĞ�
blood the greater the risk. 

�ĞĐĂƵƐĞ�ƚŚĞ�ĂĐĐƵŵƵůĂƟŽŶ�ŽĨ�DD��ŝƐ���h^���
ďǇ�sŝƚĂŵŝŶ��ϭϮ�ĚĞĮĐŝĞŶĐǇ͕ �DD��ŝƐ�ĐŽŶƐŝĚĞƌĞĚ�
Ă�&hE�d/KE�>�ŵĞĂƐƵƌĞ�ŽĨ��ϭϮ�ĚĞĮĐŝĞŶĐǇ͘�/ƚ�ŝƐ�
ŚĞůƉĨƵů�ƚŽ�ƵƐĞ�DD��ŝŶ�ĐŽŶũƵŶĐƟŽŶ�ǁŝƚŚ��ϭϮ�ƚŽ�
ĞƐƚĂďůŝƐŚ�Ă�ƉĞƌƐŽŶ Ɛ͛��ϭϮ�ƐƚĂƚƵƐ͘�

MMA can also be elevated with certain 
ĂŶĞŵŝĂƐ͕�ƌĞŶĂů�ŝŶƐƵĸĐŝĞŶĐǇ͕ �ĂŶĚ�ĐĞůŝĂĐ�ĚŝƐĞĂƐĞ͘

Physiological Function

How it gets depleted 

Clinical Manifestations of Depletion  

Food Sources 

Supplement Options

Clinical Manifestations of Excess/
Risk for Toxicity

AMINO ACIDS
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Asparagine is a non-essential amino acid 
required for development and function of the 
brain.

Asparagine can be synthesized from glutamine 
and aspartate. Asparagine is also required for 
DNA and RNA synthesis and removal of the 
cellular waste product ammonia. 

How it gets depleted 

$VSDUDJLQH� GHĆFLHQF\� LV� QRW� OLNHO\� GXH� WR� LWV�
endogenous synthesis and ubiquitous presence 
in both plant and animal foods.

7KHUH� DUH� � QR� NQRZQ� GHĆFLHQF\� V\PSWRPV� RI� DVSDUDJLQH�
that have been well reported or well studied, but possible 
symptoms of asparagine depletion could include fatigue or 
cognitive decline in adults.

Clinical Manifestations of Depletion  

Dietary sources of asparagine include: dairy, whey, beef, 
SRXOWU\��HJJV��ĆVK��VHDIRRG��DVSDUDJXV��OLFRULFH�URRW��OHJXPHV��
nuts, seeds, soy, and grains.

Food Sources 

There is currently no established RDA, AI, or UL for 
asparagine. 

Asparagine is rarely supplemented directly, due to its 
endogenous production in the body, but could be 
indirectly supplemented through glutamine.

Supplement Options

Physiological Function

Asn
(Asparagine)

Page 18 of 29



'ůƵƚĂŵŝŶĞ�ŝƐ�Ă�ĐŽŶĚŝƟŽŶĂůůǇ�ĞƐƐĞŶƟĂů�ĂŵŝŶŽ�ĂĐŝĚ�
;ĐŽŶĚŝƟŽŶĂů� ŵĂŝŶůǇ� ĚƵƌŝŶŐ� ƟŵĞƐ� ŽĨ� ĚŝƐĞĂƐĞ� Žƌ�
ŵƵƐĐůĞ�ǁĂƐƟŶŐ͕�ƐƵĐŚ�,/sͬ�/�^͕�ĐĂŶĐĞƌ͕ �Žƌ�ƐĞǀĞƌĞ�
ŝŶĨĞĐƟŽŶƐͿ͘�
/Ŷ�ƚŚĞ�ŝŶƚĞƐƟŶĂů�ůŝŶŝŶŐ͕�ŐůƵƚĂŵŝŶĞ�ŝƐ�ƚŚĞ�ƉƌĞĨĞƌƌĞĚ�
ƐŽƵƌĐĞ� ŽĨ� ĨƵĞů� ĨŽƌ� ŝŶƚĞƐƟŶĂů� ĞƉŝƚŚĞůŝĂů� ĐĞůůƐ� ĂŶĚ�
ƚŚĞ�ŵĂŝŶ�ĞŶĞƌŐǇ�ƐŽƵƌĐĞ�ĨŽƌ�ůĞƵŬŽĐǇƚĞƐ�;ŝŵŵƵŶĞ�
ĐĞůůƐͿ͘
KƚŚĞƌ�ŝŵƉŽƌƚĂŶƚ�ĨƵŶĐƟŽŶƐ�ŽĨ�ŐůƵƚĂŵŝŶĞ�ŝŶĐůƵĚĞ͗�
ƚƌĂŶƐƉŽƌƟŶŐ�ŶŝƚƌŽŐĞŶ�ďĞƚǁĞĞŶ�ĐĞůůƐ͕�ĂĐƟŶŐ�ĂƐ�Ă�
ƉƌĞĐƵƌƐŽƌ�ƚŽ�ŐůƵƚĂƚŚŝŽŶĞ�ƉƌŽĚƵĐƟŽŶ͕�ĂĐƟŶŐ�ĂƐ�Ă�
ƉƌĞĐƵƌƐŽƌ� ƚŽ� ŶƵĐůĞŽƟĚĞƐ� ;ĨŽƌ� �E�� ĂŶĚ� ZE��
ƐǇŶƚŚĞƐŝƐͿ͕� ƉĂƌƟĐŝƉĂƟŶŐ� ŝŶ� ŐůƵĐŽŶĞŽŐĞŶĞƐŝƐ� ŝŶ�
ƚŚĞ� ĂďƐĞŶĐĞ� ŽĨ� ĂĚĞƋƵĂƚĞ� ĐĂƌďŽŚǇĚƌĂƚĞ� ŝŶƚĂŬĞ͕�
ďůƵŶƟŶŐ� ƚŚĞ� ƌŝƐĞ� ŽĨ� ďůŽŽĚ� ŐůƵĐŽƐĞ� ĂŌĞƌ�
ĐŽŶƐƵŵŝŶŐ� ĐĂƌďŽŚǇĚƌĂƚĞͲƌŝĐŚ� ŵĞĂůƐ͕� ĂŶĚ�
ƌĞŐƵůĂƟŶŐ�ŝŶƚĞƐƟŶĂů�ƟŐŚƚ�ũƵŶĐƟŽŶƐ͘

How it gets depleted 

'ůƵƚĂŵŝŶĞ� ŝƐ� ŬŶŽǁŶ� ƚŽ� ďĞ� ĚĞƉůĞƚĞĚ� ŝŶ� ĐĞƌƚĂŝŶ�
ƚǇƉĞƐ�ŽĨ�ƉŚǇƐŝŽůŽŐŝĐĂů�ƐƚƌĞƐƐ�ƐƵĐŚ�ĂƐ�ďƵƌŶƐ͕�ŵĂũŽƌ�
ƚƌĂƵŵĂ͕� ĂŶĚ� ĐĂŶĐĞƌƐ� ƚŚĂƚ� ĐŽŶƐƵŵĞ� ĂǀĂŝůĂďůĞ�
ŝŶƚƌĂͲĐĞůůƵůĂƌ�ŐůƵƚĂŵŝŶĞ�ƐƚŽƌĞƐ�ŵŽƌĞ�ƌĂƉŝĚůǇ�ƚŚĂŶ�
ƐŬĞůĞƚĂů� ŵƵƐĐůĞ� ĐĂŶ� ŐĞŶĞƌĂƚĞ� ŝƚ͕� ůĞĂĚŝŶŐ� ƚŽ�
ŝŶĐƌĞĂƐĞĚ�ŵƵƐĐůĞ�ǁĂƐƟŶŐ͘

�ƵƌŝŶŐ� ƉŚǇƐŝĐĂů� ĂĐƟǀŝƚǇ͕ � ƐĞƌƵŵ� ŐůƵƚĂŵŝŶĞ� ŝƐ�
ĐŽŶƐƵŵĞĚ� ĨŽƌ� ůŽŶŐĞƌ� ĞŶĚƵƌĂŶĐĞ� ĞǀĞŶƚƐ� ;Ϯн�
ŚŽƵƌƐͿ͖� ƐŽŵĞ� ĞǀŝĚĞŶĐĞ� ĞǆŝƐƚƐ� ƚŚĂƚ� ĐŚƌŽŶŝĐ�
ĞŶĚƵƌĂŶĐĞ�ĞǆĞƌĐŝƐĞ�ƌĞĚƵĐĞĚ�ŐůƵƚĂŵŝŶĞ�ůĞǀĞůƐ�ƚŽ�
ĂīĞĐƚ�ŝŵŵƵŶĞ�ĐĞůů�ĨƵŶĐƟŽŶ�ĂŶĚ�ƉƌŽůŝĨĞƌĂƟŽŶ͘

'ůƵƚĂŵŝŶĞ�ĚĞƉůĞƟŽŶ�Žƌ�ĚĞĮĐŝĞŶĐǇ�ŝƐ�ƌĂƌĞ͕�ĂƐ�ŐůƵƚĂŵŝŶĞ�ĐĂŶ�
ďĞ�ŵĂĚĞ�ĞŶĚŽŐĞŶŽƵƐůǇ�ĂŶĚ�ŝƐ�ƵďŝƋƵŝƚŽƵƐ�ŝŶ�ƚŚĞ�ĨŽŽĚ�ƐƵƉƉůǇ�
ĨƌŽŵ�ďŽƚŚ�ƉůĂŶƚ�ĂŶĚ�ĂŶŝŵĂů�ƐŽƵƌĐĞƐ͘

^ŽŵĞ�ƐƚƵĚŝĞƐ�ƐƵŐŐĞƐƚ�ĂŶ�ŝŶĐƌĞĂƐĞ�ŝŶ�ŝŶƚĞƐƟŶĂů�ƉĞƌŵĞĂďŝůŝƚǇ�
ǁŚĞŶ�ŝŶƚĞƐƟŶĂů�ĞƉŝƚŚĞůŝĂů�ĐĞůůƐ�ůĂĐŬ�ƐƵĸĐŝĞŶƚ�ŐůƵƚĂŵŝŶĞ͕�ĂƐ�
ǁĞůů�ĂƐ�ŝŶƐƵĸĐŝĞŶƚ�ĂǀĂŝůĂďŝůŝƚǇ�ĨŽƌ��ůĞƵŬŽĐǇƚĞ�ĨƵŶĐƟŽŶ͘

Clinical Manifestations of Depletion  

sĞƌǇ�ŐŽŽĚ�ƐŽƵƌĐĞƐ�ŽĨ�ŐůƵƚĂŵŝŶĞ� ŝŶĐůƵĚĞ͗�ǁŚĞǇ͕ �ĐĂƐĞŝŶ͕�ŵŝůŬ͕�
ǁŚŝƚĞ�ƌŝĐĞ͕�ĐŽƌŶ͕�ĂŶĚ�ƚŽĨƵ͘�

'ŽŽĚ�ƐŽƵƌĐĞƐ�ŽĨ�ŐůƵƚĂŵŝŶĞ�ŝŶĐůƵĚĞ͗�ŵĞĂƚ�ĂŶĚ�ĞŐŐƐ.

Food Sources 

dŚĞƌĞ�ŝƐ�ĐƵƌƌĞŶƚůǇ�ŶŽ�ĞƐƚĂďůŝƐŚĞĚ�Z��͕��/͕�Žƌ�h>�ĨŽƌ�ŐůƵƚĂŵŝŶĞ͘�
'ůƵƚĂŵŝŶĞ�ŝƐ�ƚǇƉŝĐĂůůǇ�ƐŽůĚ�ĂƐ�ůͲŐůƵƚĂŵŝŶĞ�ĂŶĚ�ĚŽƐĞƐ�ŚĂǀĞ�ďĞĞŶ�
ƐƚƵĚŝĞĚ� ŝŶ� ŚƵŵĂŶƐ� ƌĂŶŐŝŶŐ� ĨƌŽŵ� ϱϬϬ� ŵŐͬĚĂǇ� ʹ� ϱϬŐͬĚĂǇ͘�
,ŝŐŚĞƌ�ĚŽƐĞƐ�;хϭϬ�ŐͬĚĂǇͿ�ĂƌĞ�ĐŽŵŵŽŶůǇ�ƵƐĞĚ�ŝŶ�ƚŚĞ�ƚƌĞĂƚŵĞŶƚ�
ŽĨ�ŝŶƚĞƐƟŶĂů�ďĂƌƌŝĞƌ�ƉĞƌŵĞĂďŝůŝƚǇ͘
^ƵƉƉůĞŵĞŶƚĂƟŽŶ� ŽĨ� ŐůƵƚĂŵŝŶĞ� ŚĂƐ� ŶŽƚ� ďĞĞŶ� ƐŚŽǁŶ� ƚŽ�
ĞŶŚĂŶĐĞ�ŵƵƐĐůĞ�ŐƌŽǁƚŚ�ŝŶ�ŚĞĂůƚŚǇ�ŝŶĚŝǀŝĚƵĂůƐ͘�
dǇƉŝĐĂůůǇ� ĂŶ� ŝŶĐƌĞĂƐĞ� ŝŶ� ƐĞƌƵŵ� ŝŶƐƵůŝŶ� ƌĞƐƵůƚƐ� ĂŌĞƌ�
ĐŽŶƐƵŵƉƟŽŶ� ŽĨ� ŐůƵƚĂŵŝŶĞ� ĚƵĞ� ƚŽ� ŝŶĐƌĞĂƐĞĚ� ĐŽŶǀĞƌƐŝŽŶ� ƚŽ�
ŐůƵĐŽƐĞ͘�dŚŝƐ�ŵĂǇ�ŝŵƉĂĐƚ�ŝŶĚŝǀŝĚƵĂůƐ�ǁŝƚŚ�ŝŶƐƵůŝŶ�ƌĞƐŝƐƚĂŶĐĞ͘
'ůƵƚĂŵŝŶĞ� ƐƵƉƉůĞŵĞŶƚĂƟŽŶ� ŝƐ� ĂůƐŽ� ƉŽƚĞŶƟĂůůǇ� ďĞŶĞĮĐŝĂů� ƚŽ�
ŝŵƉƌŽǀĞ�ŵĞŶƚĂů� ĨŽĐƵƐ�ĂŶĚ� ĐŽŶĐĞŶƚƌĂƟŽŶ͕� ĂƐ�ǁĞůů� ĂƐ� ĐƵƌďŝŶŐ�
ĐƌĂǀŝŶŐƐ�ĨŽƌ�ƐƵŐĂƌ�ĂŶĚ�ĂůĐŽŚŽů͘��
/Ŷ�ƐŽŵĞ�ŝŶĚŝǀŝĚƵĂůƐ͕�ŐůƵƚĂŵŝŶĞ�ŝƐ�ĐŽŶǀĞƌƚĞĚ�ŵŽƌĞ�ĞĸĐŝĞŶƚůǇ�ƚŽ�
ŐůƵƚĂŵĂƚĞ͕� ǁŚŝĐŚ� ĐĂŶ� ůĞĂĚ� ƚŽ� Ă� ŶĞƵƌŽͲĞǆĐŝƚĂƚŽƌǇ� ƐƚĂƚĞ͕�
ŝŶĐƌĞĂƐĞĚ� ĂŶǆŝĞƚǇ͕ � ƚĞŶƐŝŽŶ� ŚĞĂĚĂĐŚĞƐͬŵŝŐƌĂŝŶĞƐ͕� ĂŶĚ� ĞǀĞŶ�
ƚĂĐŚǇĐĂƌĚŝĂ͘�/Ĩ�ĂŶǇ�ŽĨ�ƚŚĞƐĞ�ƐǇŵƉƚŽŵƐ�ŽĐĐƵƌ�ĂŌĞƌ�ĐŽŶƐƵŵŝŶŐ�
ŐůƵƚĂŵŝŶĞ͕� ĚŝƐĐŽŶƟŶƵĞ� ƐƵƉƉůĞŵĞŶƚĂƟŽŶ� ĂŶĚ� ĚŝƐĐƵƐƐ� ǁŝƚŚ�
ǇŽƵƌ�ƉƌŽǀŝĚĞƌ͘ �

Supplement Options

Physiological Function

Gln
(Glutamine)
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D-serine is a neuromodulator, produced in glial 
cells of the brain, and modulates the functions 
of neurons. Serine can be considered a 
nootropic nutrient.

Serine enhances binding of other compounds 
at NMDA (N-methyl-D-aspartate) receptors.

How it gets depleted 

Serine can be synthesized endogenously from 
dietary glycine, which is not considered an 
essential amino acid.

6HULQH� GHĆFLHQF\� ZRXOG� EH� UDUH�� KRZHYHU��
supra-physiological doses may be necessary to 
FRQIHU�EHQHĆW�RYHU�VWDQGDUG�GLHWDU\�LQWDNH�

It does not appear that depletion of serine is common, 
EXW�VLGH�HIIHFWV�RI�ORZ�OHYHOV�RI�VHULQH�LQ�WKH�EUDLQ�DSSHDU�
WR� EH� FRUUHODWHG� ZLWK� D� KLJKHU� ULVN� IRU� DGGLFWLRQ�
EHKDYLRUV�DQG�VRPH�QHXURGHJHQHUDWLYH�FRQGLWLRQV�

Clinical Manifestations of Depletion  

)RRGV�KLJK�LQ�JO\FLQH�LQFOXGH��ĆVK��PHDW��GDLU\��VXJDU�FDQH��
VR\EHDQV�� VSLQDFK�� NDOH�� FDXOLćRZHU�� FDEEDJH�� SXPSNLQ��
EDQDQD��NLZL��FXFXPEHU��DQG�EHDQV��

Food Sources 

There is currently no established RDA, AI, or UL for 
VHULQH�VXSSOHPHQWDWLRQ�RU�LQWDNH�
Serine can be supplemented to reduce symptoms of 
FRJQLWLYH� GHFOLQH� DQG� UHGXFH� V\PSWRPV� RI� FRFDLQH�
dependence and schizophrenia.
Phosphatidylserine is a common supplemental 
phospholipid that contains serine. 
'RVHV�RI���PJ�NJ�RI�ERG\ZHLJKW�DUH�FRPPRQO\�XVHG�
LQ�FRJQLWLYH�GHFOLQH�SDWLHQWV��

Supplement Options

Physiological Function

Ser
(Serine)

>Ͳ�ƌŐŝŶŝŶĞ�ŝƐ�Ă�ĐŽŶĚŝƟŽŶĂůůǇ�ĞƐƐĞŶƟĂů�ĂŵŝŶŽ�ĂĐŝĚ�
ĨŽƵŶĚ�ŝŶ�ƚŚĞ�ĚŝĞƚ͘�/ƚ�ŝƐ�Ă�ĚŝĞƚĂƌǇ�ƐƵƉƉůĞŵĞŶƚ�ƵƐĞĚ�
ŵŽƐƚůǇ�ďǇ�ĂƚŚůĞƚĞƐ�ďĞĐĂƵƐĞ�ŝƚ� ŝƐ�ƚŚĞ�ĂŵŝŶŽ�ĂĐŝĚ�
ƚŚĂƚ�ĚŝƌĞĐƚůǇ�ƉƌŽĚƵĐĞƐ�ŶŝƚƌŝĐ�ŽǆŝĚĞ�ǀŝĂ�ƚŚĞ�ŶŝƚƌŝĐ�
ŽǆŝĚĞ�ƐǇŶƚŚĂƐĞ�ĞŶǌǇŵĞƐ͘��
�ƌŐŝŶŝŶĞ� ŚĞůƉƐ� ŚĞĂů� ŝŶũƵƌŝĞƐ͕� ĂŝĚƐ� ŬŝĚŶĞǇƐ� ŝŶ�
ƌĞŵŽǀŝŶŐ� ǁĂƐƚĞ͕� ĂŶĚ� ďŽŽƐƚƐ� ŝŵŵƵŶĞ� ƐǇƐƚĞŵ�
ĨƵŶĐƟŽŶ͘

How it gets depleted 

�ƌŐŝŶŝŶĞ� ŝƐ� ŝŵƉŽƌƚĂŶƚ� ĚƵƌŝŶŐ� ƉĞƌŝŽĚƐ� ŽĨ� ŝůůŶĞƐƐ�
ĂŶĚ� ĐŚƌŽŶŝĐ� ĐŽŶĚŝƟŽŶƐ� ůŝŬĞ� ŚǇƉĞƌƚĞŶƐŝŽŶ� ĂŶĚ�
ƚǇƉĞ� //� ĚŝĂďĞƚĞƐ͕� ĂƐ� ƚŚĞƐĞ� ƐƚĂƚĞƐ� ƚĞŶĚ� ƚŽ� ďĞ�
ĐŚĂƌĂĐƚĞƌŝǌĞĚ�ďǇ�ĂŶ�ŝŶĐƌĞĂƐĞ�ŝŶ�ƚŚĞ�ĞŶǌǇŵĞ�ƚŚĂƚ�
ĚĞŐƌĂĚĞƐ� >ͲĂƌŐŝŶŝŶĞ� ;ŬŶŽǁŶ� ĂƐ� ĂƌŐŝŶĂƐĞͿ�
ƌĞƐƵůƟŶŐ�ŝŶ�Ă�ƚƌĂŶƐŝĞŶƚ�ĚĞĮĐŝĞŶĐǇ͖�ƚŚŝƐ�ƉƌĞĐĞĚĞƐ�
ĂŶ� ŝŶĐƌĞĂƐĞ� ŝŶ� ďůŽŽĚ� ƉƌĞƐƐƵƌĞ� ŝŶ� ƚŚĞƐĞ� ƐƚĂƚĞƐ͕�
ĂŶĚ�ĐĂŶ�ďĞ�ƉĂƌƟĂůůǇ�ƌĞŵĞĚŝĞĚ�ďǇ�ĂŶ�ŝŶĐƌĞĂƐĞ�ŝŶ�
>ͲĂƌŐŝŶŝŶĞ� ŝŶƚĂŬĞ� Žƌ� ƌĞƐŽůƵƟŽŶ� ŽĨ� ƚŚĞ�
ŝůůŶĞƐƐͬĚŝƐĞĂƐĞ�ƐƚĂƚĞ͘

�ƌŐŝŶŝŶĞ�ŝƐ�ŽŶĞ�ŽĨ�ƚŚĞ�ƚŚƌĞĞ�ƐƵďƐƚƌĂƚĞƐ�ƚŽ�ĨŽƌŵ�ĐƌĞĂƟŶĞ�
ǁŚŝĐŚ� ŝƐ� Ă� ǀŝƚĂů� ŶƵƚƌŝĞŶƚ� ;ĚĞĮĐŝĞŶĐǇ� ŝŶĚƵĐĞƐ� ŵĞŶƚĂů�
ƌĞƚĂƌĚĂƟŽŶͿ� ĂŶĚ� ŝƐ� ĂůƐŽ� ƵƐĞĚ� ƚŽ� ĨŽƌŵ� ĂŐŵĂƟŶĞ͕� Ă�
ƐŝŐŶĂůůŝŶŐ� ŵŽůĞĐƵůĞ� ŝŶ� ƚŚĞ� ďŽĚǇ͘ � �ƌŐŝŶŝŶĞ� ŝƐ� ĂŶ�
ŝŶƚĞƌŵĞĚŝĂƚĞ� ŝŶ� ďŽƚŚ� ƚŚĞ� ƵƌĞĂ� ĐǇůĞ� ;ǁŝƚŚ� >ͲŽƌŶŝƚŚŝŶĞ͕�
>ͲĐŝƚƌƵůůŝŶĞ͕� ĂŶĚ� ĂƌŐŝŶŽƐƵĐĐŝŶĂƚĞͿ� ĂŶĚ� ƚŚĞ� ŶŝƚƌŝĐ� ŽǆŝĚĞ�
ĐǇĐůĞ� ;ǁŝƚŚ� ŽƌŶŝƚŚŝŶĞ� ĂŶĚ� ĂƌŐŝŶŽƐƵĐĐŝŶĂƚĞͿ͕� ĂŶĚ�
ǀŝĐĂƌŝŽƵƐůǇ� ƚŚƌŽƵŐŚ� ŽƌŶŝƚŚŝŶĞ� ŝƚ� ƉƌŽĚƵĐĞƐ� ƉŽůǇĂŵŝŶĞ�
ƐƚƌƵĐƚƵƌĞƐ�ǁŚŝĐŚ�ĐĂŶ�ƌĞŐƵůĂƚĞ�ĐĞůůƵůĂƌ�ĨƵŶĐƟŽŶ͘�/Ŷ�ƐŽŵĞ�
ŝŶĚŝǀŝĚƵĂůƐ�ǁŝƚŚ�ǀŝƌĂů�ŝŶĨĞĐƟŽŶƐ�ƐƵĐŚ�ĂƐ�ƐŚŝŶŐůĞƐ͕�ĂƌŐŝŶŝŶĞ�
ƐƵƉƉůĞŵĞŶƚĂƟŽŶ� ŵĂǇ� ĞǆĂĐĞƌďĂƚĞ� ƐǇŵƉƚŽŵƐ� ĂŶĚ�
ĐŽŶƐƵůƚĂƟŽŶ� ǁŝƚŚ� Ă� ŚĞĂůƚŚĐĂƌĞ� ƉƌŽǀŝĚĞƌ� ŝƐ�
ƌĞĐŽŵŵĞŶĚĞĚ͘

Clinical Manifestations of Depletion  

�ŝĞƚĂƌǇ� ĂƌŐŝŶŝŶĞ� ĂĐĐŽƵŶƚƐ� ĨŽƌ� ϰϬͲϲϬй�ŽĨ� ƐĞƌƵŵ�ĂƌŐŝŶŝŶĞ͘�
&ŽŽĚ� ƐŽƵƌĐĞƐ� ŝŶĐůƵĚĞ͗� ƚƵƌŬĞǇ͕ � ƉŽƌŬ͕� ĐŚŝĐŬĞŶ͕� ƉƵŵƉŬŝŶ�
ƐĞĞĚƐ͕� ƐŽǇďĞĂŶƐ͕� ƉĞĂŶƵƚƐ͕� ƐƉŝƌƵůŝŶĂ͕� ĚĂŝƌǇ͕ � ĐŚŝĐŬƉĞĂƐ͕�
ůĞŶƟůƐ͘

Food Sources 

dŽ�ŵĂŝŶƚĂŝŶ�ĞůĞǀĂƚĞĚ�ĂƌŐŝŶŝŶĞ�ůĞǀĞůƐ�ƚŚƌŽƵŐŚŽƵƚ�ƚŚĞ�ĚĂǇ͕ �
ĂƌŐŝŶŝŶĞ� ĐĂŶ� ďĞ� ƚĂŬĞŶ� ƵƉ� ƚŽ� ƚŚƌĞĞ� ƟŵĞƐ� Ă� ĚĂǇ͕ � ǁŝƚŚ� Ă�
ĐŽŵďŝŶĞĚ� ĚŽƐĞ� ƚŽƚĂů� ŽĨ� ϭϱͲϭϴŐ͘� EŽƚĞ͗� >ͲĐŝƚƌƵůůŝŶĞ�
ƐƵƉƉůĞŵĞŶƚĂƟŽŶ� ŝƐ� ŵŽƌĞ� ĞīĞĐƟǀĞ� Ăƚ� ŵĂŝŶƚĂŝŶŝŶŐ�
ĞůĞǀĂƚĞĚ�ĂƌŐŝŶŝŶĞ�ůĞǀĞůƐ�ĨŽƌ�ůŽŶŐ�ƉĞƌŝŽĚƐ�ŽĨ�ƟŵĞ͘

dĂŬŝŶŐ�ŵŽƌĞ� ƚŚĂŶ� ϭϬŐ� ŽĨ� ĂƌŐŝŶŝŶĞ� Ăƚ� ŽŶĐĞ� ĐĂŶ� ƌĞƐƵůƚ� ŝŶ�
ŐĂƐƚƌŽŝŶƚĞƐƟŶĂů�ĚŝƐƚƌĞƐƐ�ĂŶĚ�ĚŝĂƌƌŚĞĂ͘

Supplement Options

Physiological Function

Arg
(Arginine)

Page 20 of 29



Citrulline is an amino acid that is not one of the 
ĞƐƐĞŶƟĂů� ĂŵŝŶŽ� ĂĐŝĚƐ� ŶŽƌ� Ă� ĐŽŵŵŽŶ� ĚŝĞƚĂƌǇ�
ĂŵŝŶŽ� ĂĐŝĚ� ;ŶĂŵĞĚ� ĂŌĞƌ� ŝƚƐ� ŽŶůǇ� ŐŽŽĚ� ŶĂƚƵƌĂů�
source, watermelons), but is interconverted in 
ƚŚĞ� ďŽĚǇ� ĂŶĚ� ƐĞƌǀĞƐ� ƌŽůĞƐ� ƐŝŵŝůĂƌ� ƚŽ� >ͲĂƌŐŝŶŝŶĞ�
ĂŶĚ�>ͲŽƌŶŝƚŚŝŶĞ͘

How it gets depleted 

�ŝƚƌƵůůŝŶĞ�ĐĂŶ�ďĞ�ƉƌŽĚƵĐĞĚ�ďǇ�ĂƌŐŝŶŝŶĞ�ďǇ�ŽŶĞ�ŽĨ�
ƚǁŽ� ŵĞĐŚĂŶŝƐŵƐ͗� ĞŝƚŚĞƌ� ĚŝƌĞĐƚůǇ� ǀŝĂ� ĂƌŐŝŶŝŶĞ�
ŐŝǀŝŶŐ� Žī� Ă� ŶŝƚƌŝĐ� ŽǆŝĚĞ� ŵŽůĞĐƵůĞ� ;ǁŚŝĐŚ� ŝƐ� ƚŚĞ�
ƉĂƚŚ� ŝŶǀŽůǀĞĚ� ŝŶ� ƚŚĞ� ŶŝƚƌŝĐ� ŽǆŝĚĞ� ĐǇĐůĞͿ͕� Žƌ�
ŝŶĚŝƌĞĐƚůǇ�ǀŝĂ�ĂƌŐŝŶŝŶĞΖƐ�ĐŽŶǀĞƌƐŝŽŶ�ŝŶƚŽ�ŽƌŶŝƚŚŝŶĞ�
;ǁŚŝĐŚ�ŝƐ�ŝŶǀŽůǀĞĚ�ŝŶ�ƚŚĞ�ƵƌĞĂ�ĐǇĐůĞͿ͕�ƐĞƋƵĞƐƚĞƌŝŶŐ�
ĂŵŵŽŶŝĂ͘

dŚĞ� ŵĂũŽƌŝƚǇ� ŽĨ� >ͲĐŝƚƌƵůůŝŶĞ� ĞŝƚŚĞƌ� ŇŽĂƚƐ� ŝŶ� ƚŚĞ� ďůŽŽĚ�
ƉĂƐƐŝǀĞůǇ� Žƌ� ŐĞƚƐ� ƚƌĂŶƐƉŽƌƚĞĚ� ƚŽ� ƚŚĞ� ŬŝĚŶĞǇƐ� ĨŽƌ�
ĐŽŶǀĞƌƐŝŽŶ�ŝŶƚŽ�ĂƌŐŝŶŝŶĞ͘

Clinical Manifestations of Depletion  

&ŽŽĚ� ƐŽƵƌĐĞƐ� ŽĨ� >ͲĐŝƚƌƵůůŝŶĞ� ŝŶĐůƵĚĞ� ǁĂƚĞƌŵĞůŽŶ͕�
ŵƵƐŬŵĞůŽŶƐ͕�ďŝƩĞƌ�ŵĞůŽŶƐ͕�ƐƋƵĂƐŚĞƐ͕�ŐŽƵƌĚƐ͕�ĐƵĐƵŵďĞƌƐ͕�
ĂŶĚ�ƉƵŵƉŬŝŶƐ͘

Food Sources 

dŚĞƌĞ� ŝƐ� ŵŝǆĞĚ� ĞǀŝĚĞŶĐĞ� ĂƐ� ƚŽ� ǁŚĞƚŚĞƌ� ĐŝƚƌƵůůŝŶĞ�
ƐƵƉƉůĞŵĞŶƚĂƟŽŶ� ĐĂŶ� ŚĞůƉ� ǁŝƚŚ� ŵƵƐĐůĞ� ƉƌŽƚĞŝŶ�
ƐǇŶƚŚĞƐŝƐ͘

Supplement Options

Physiological Function

Citrulline

/ƐŽůĞƵĐŝŶĞ� ŝƐ� ĂŶ� ĞƐƐĞŶƟĂů� ďƌĂŶĐŚĞĚͲĐŚĂŝŶ�
ĂůŝƉŚĂƟĐ�ĂŵŝŶŽ�ĂĐŝĚ�ĨŽƵŶĚ�ŝŶ�ŵĂŶǇ�ƉƌŽƚĞŝŶƐ͘�/ƚ�ŝƐ�
ĂŶ� ŝƐŽŵĞƌ� ŽĨ� ůĞƵĐŝŶĞ͘� /ƚ� ŝƐ� ŝŵƉŽƌƚĂŶƚ� ŝŶ�
ŚĞŵŽŐůŽďŝŶ� ƐǇŶƚŚĞƐŝƐ� ĂŶĚ� ƌĞŐƵůĂƟŽŶ� ŽĨ� ďůŽŽĚ�
ƐƵŐĂƌ�ĂŶĚ�ĞŶĞƌŐǇ�ůĞǀĞůƐ͘�/ƐŽůĞƵĐŝŶĞ�ŝƐ�ŽŶĞ�ŽĨ�ŶŝŶĞ�
ĞƐƐĞŶƟĂů� ĂŵŝŶŽ� ĂĐŝĚƐ� ŝŶ� ŚƵŵĂŶƐ� ;ƉƌĞƐĞŶƚ� ŝŶ�
ĚŝĞƚĂƌǇ� ƉƌŽƚĞŝŶƐͿ͘� /ƚ� ŚĂƐ� ĚŝǀĞƌƐĞ� ƉŚǇƐŝŽůŽŐŝĐĂů�
ĨƵŶĐƟŽŶƐ͕� ƐƵĐŚ� ĂƐ� ĂƐƐŝƐƟŶŐ� ǁŽƵŶĚ� ŚĞĂůŝŶŐ͕�
ĚĞƚŽǆŝĮĐĂƟŽŶ�ŽĨ�ŶŝƚƌŽŐĞŶŽƵƐ�ǁĂƐƚĞƐ͕�ƐƟŵƵůĂƟŶŐ�
ŝŵŵƵŶĞ� ĨƵŶĐƟŽŶ͕� ĂŶĚ� ƉƌŽŵŽƟŶŐ� ƐĞĐƌĞƟŽŶ� ŽĨ�
ƐĞǀĞƌĂů�ŚŽƌŵŽŶĞƐ͘�

How it gets depleted 

/ƐŽůĞƵĐŝŶĞ�ŝƐ�ŶĞĐĞƐƐĂƌǇ�ĨŽƌ�ŚĞŵŽŐůŽďŝŶ�ĨŽƌŵĂƟŽŶ�
ĂŶĚ� ƌĞŐƵůĂƟŶŐ� ďůŽŽĚ� ƐƵŐĂƌ� ĂŶĚ� ĞŶĞƌŐǇ� ůĞǀĞůƐ͘�
/ƐŽůĞƵĐŝŶĞ� ŝƐ� ĐŽŶĐĞŶƚƌĂƚĞĚ� ŝŶ� ŵƵƐĐůĞ� ƟƐƐƵĞƐ� ŝŶ�
ŚƵŵĂŶƐ͘��ĞĮĐŝĞŶĐǇ� ŝƐ�ƉƌŝŵĂƌŝůǇ�ĚƵĞ�ƚŽ� ůŽǁ�ƚŽƚĂů�
ƉƌŽƚĞŝŶ� ŝŶƚĂŬĞ͕� ďƵƚ�ŵĂǇ� ďĞ� ĨŽƵĚŶ� ŝŶ� ŝŶĚŝǀŝĚƵĂůƐ�
ǁŝƚŚ� ƉƌŽůŽŶŐĞĚ� Žƌ� ƐĞǀĞƌĞ� ƌĞĚƵĐĞĚ� ĚŝŐĞƐƟǀĞ�
ĐĂƉĂĐŝƚǇ͕ � ƉĂƌƟĐƵůĂƌůǇ� ƚŚŽƐĞ� ǁŚŽ� ŚĂǀĞ� ƚƌŽƵďůĞ�
ĚŝŐĞƐƟŶŐ� ƉƌŽƚĞŝŶ� Žƌ� ǁŝƚŚ� ŵŽƌĞ� ƐĞǀĞƌĞ�
ŚǇƉŽĐŚůŽƌŚǇĚƌŝĂ͘�

� /ƐŽůĞƵĐŝŶĞ�ĚĞĮĐŝĞŶĐǇ� ŝƐ�ŵĂƌŬĞĚ�ďǇ�ŵƵƐĐůĞ�ƚƌĞŵŽƌƐ͘��ůů�ϯ�
����Ɛ�ĂƌĞ�ĚĞĐƌĞĂƐĞĚ�ŝŶ�ƉĂƟĞŶƚƐ�ǁŝƚŚ�ůŝǀĞƌ�ĚŝƐĞĂƐĞ͕�ƐƵĐŚ�ĂƐ�
ŚĞƉĂƟƟƐ͕� ŚĞƉĂƟĐ� ĐŽŵĂ͕� ĐŝƌƌŚŽƐŝƐ͕� Žƌ� ĞǆƚƌĂŚĞƉĂƟĐ� ďŝůŝĂƌǇ�
ĂƚƌĞƐŝĂ͘�>ͲŝƐŽůĞƵĐŝŶĞ�ŝƐ�ĨŽƵŶĚ�ƚŽ�ďĞ�ĂƐƐŽĐŝĂƚĞĚ�ǁŝƚŚ�ŵĂƉůĞ�
ƐǇƌƵƉ� ƵƌŝŶĞ� ĚŝƐĞĂƐĞ͕� ǁŚŝĐŚ� ŝƐ� ĂŶ� ŝŶďŽƌŶ� ĞƌƌŽƌ� ŽĨ�
ŵĞƚĂďŽůŝƐŵ͘

Clinical Manifestations of Depletion  

/ƐŽůĞƵĐŝŶĞ�ŝƐ�ĨŽƵŶĚ�ĞƐƉĞĐŝĂůůǇ�ŝŶ�ŵĞĂƚƐ͕�ĮƐŚ͕�ĐŚĞĞƐĞ͕�ĞŐŐƐ͕�
ĂŶĚ�ŵŽƐƚ�ƐĞĞĚƐ�ĂŶĚ�ŶƵƚƐ͘

Food Sources 

Supplement Options

Physiological Function

Ile
(Isoleucine)
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sĂůŝŶĞ� ŝƐ� Ă� ďƌĂŶĐŚĞĚͲĐŚĂŝŶ� ĞƐƐĞŶƟĂů� ĂŵŝŶŽ� ĂĐŝĚ�
ƚŚĂƚ� ŚĂƐ� ƐƟŵƵůĂŶƚ� ĂĐƟǀŝƚǇ͘� /ƚ� ƉƌŽŵŽƚĞƐ� ŵƵƐĐůĞ�
ŐƌŽǁƚŚ�ĂŶĚ�ƟƐƐƵĞ�ƌĞƉĂŝƌ͘ � /ƚ� ŝƐ�Ă�ƉƌĞĐƵƌƐŽƌ� ŝŶ�ƚŚĞ�
ƉĞŶŝĐŝůůŝŶ� ďŝŽƐǇŶƚŚĞƟĐ� ƉĂƚŚǁĂǇ͘� �Ɛ� Ă� ŐůǇĐŽŐĞŶŝĐ�
ĂŵŝŶŽ�ĂĐŝĚ͕�ǀĂůŝŶĞ�ŵĂŝŶƚĂŝŶƐ�ŵĞŶƚĂů�ǀŝŐŽƌ͕ �ŵƵƐĐůĞ�
ĐŽŽƌĚŝŶĂƟŽŶ͕�ĂŶĚ�ĞŵŽƟŽŶĂů�ĐĂůŵ͘�

How it gets depleted 

�ĞƐƉŝƚĞ�ƚŚĞŝƌ�ƐƚƌƵĐƚƵƌĂů�ƐŝŵŝůĂƌŝƟĞƐ͕�ƚŚĞ�ďƌĂŶĐŚĞĚ�
ĂŵŝŶŽ�ĂĐŝĚƐ�ŚĂǀĞ�ĚŝīĞƌĞŶƚ�ŵĞƚĂďŽůŝĐ�ƌŽƵƚĞƐ͕�ǁŝƚŚ�
ǀĂůŝŶĞ� ŐŽŝŶŐ� ƐŽůĞůǇ� ƚŽ� ĐĂƌďŽŚǇĚƌĂƚĞƐ͕� ůĞƵĐŝŶĞ�
ƐŽůĞůǇ� ƚŽ� ĨĂƚƐ͕� ĂŶĚ� ŝƐŽůĞƵĐŝŶĞ� ƚŽ� ďŽƚŚ͘� dŚĞ�
ĚŝīĞƌĞŶƚ� ŵĞƚĂďŽůŝƐŵ� ĂĐĐŽƵŶƚƐ� ĨŽƌ� ĚŝīĞƌĞŶƚ�
ƌĞƋƵŝƌĞŵĞŶƚƐ� ĨŽƌ� ƚŚĞƐĞ�ĞƐƐĞŶƟĂů� ĂŵŝŶŽ�ĂĐŝĚƐ� ŝŶ�
ŚƵŵĂŶƐ͗� ϭϮ�ŵŐͬŬŐ͕� ϭϰ�ŵŐͬŬŐ� ĂŶĚ� ϭϲ�ŵŐͬŬŐ� ŽĨ�
ǀĂůŝŶĞ͕�ůĞƵĐŝŶĞ�ĂŶĚ�ŝƐŽůĞƵĐŝŶĞ�ƌĞƐƉĞĐƟǀĞůǇ͘

sĂůŝŶĞ�ĚĞĮĐŝĞŶĐǇ�ŝƐ�ŵĂƌŬĞĚ�ďǇ�ŶĞƵƌŽůŽŐŝĐĂů�ĚĞĨĞĐƚƐ�ŝŶ�ƚŚĞ�
ďƌĂŝŶ͘

Clinical Manifestations of Depletion  

sĂůŝŶĞ�ŝƐ�ŽďƚĂŝŶĞĚ�ĨƌŽŵ�ƐŽǇ͕ �ĐŚĞĞƐĞ͕�ĮƐŚ͕�ŵĞĂƚƐ͕�ĂŶĚ�
ǀĞŐĞƚĂďůĞƐ

Food Sources 

sĂůŝŶĞ�ƐƵƉƉůĞŵĞŶƚƐ�ĂƌĞ�ƵƐĞĚ�ĨŽƌ�ŵƵƐĐůĞ�ŐƌŽǁƚŚ͕�ƟƐƐƵĞ�
ƌĞƉĂŝƌ͕ �ĂŶĚ�ĞŶĞƌŐǇ͘��ĞĐĂƵƐĞ�ĨŽŽĚ�ƐŽƵƌĐĞƐ�ĂƌĞ�ƉůĞŶƟĨƵů͕�
ƐƵƉƉůĞŵĞŶƚĂƟŽŶ�ŝƐ�ƚǇƉŝĐĂůůǇ�ŶŽƚ�ŶĞĐĞƐƐĂƌǇ�ŝŶ�ƚŚĞ�ĨĂĐĞ�
ŽĨ� ŽƉƟŵĂů� ƚŽƚĂů� ƉƌŽƚĞŝŶ� ŝŶƚĂŬĞ� ĨƌŽŵ� Ă� ǀĂƌŝĞƚǇ� ŽĨ�
ƐŽƵƌĐĞƐ͘

Supplement Options

Physiological Function

Val
(Valine)

>ĞƵĐŝŶĞ� ŝƐ� ŽŶĞ� ŽĨ� ŶŝŶĞ� ĞƐƐĞŶƟĂů� ĂŵŝŶŽ� ĂĐŝĚƐ� ŝŶ�
ŚƵŵĂŶƐ�;ƉƌŽǀŝĚĞĚ�ďǇ�ĨŽŽĚͿ͘�>ĞƵĐŝŶĞ�ŝƐ�ŝŵƉŽƌƚĂŶƚ�
ĨŽƌ� ƉƌŽƚĞŝŶ� ƐǇŶƚŚĞƐŝƐ� ĂŶĚ� ŵĂŶǇ� ŵĞƚĂďŽůŝĐ�
ĨƵŶĐƟŽŶƐ͘� >ĞƵĐŝŶĞ� ĐŽŶƚƌŝďƵƚĞƐ� ƚŽ� ƌĞŐƵůĂƟŽŶ� ŽĨ�
ďůŽŽĚͲƐƵŐĂƌ� ůĞǀĞůƐ͕�ŐƌŽǁƚŚ�ĂŶĚ� ƌĞƉĂŝƌ�ŽĨ�ŵƵƐĐůĞ�
ĂŶĚ� ďŽŶĞ� ƟƐƐƵĞ͕� ŐƌŽǁƚŚ� ŚŽƌŵŽŶĞ� ƉƌŽĚƵĐƟŽŶ͕�
ĂŶĚ� ǁŽƵŶĚ� ŚĞĂůŝŶŐ͘� >ĞƵĐŝŶĞ� ĂůƐŽ� ƉƌĞǀĞŶƚƐ�
ďƌĞĂŬĚŽǁŶ� ŽĨ� ŵƵƐĐůĞ� ƉƌŽƚĞŝŶƐ� ĂŌĞƌ� ƚƌĂƵŵĂ� Žƌ�
ƐĞǀĞƌĞ� ƐƚƌĞƐƐ� ĂŶĚ� ŵĂǇ� ďĞ� ďĞŶĞĮĐŝĂů� ĨŽƌ�
ŝŶĚŝǀŝĚƵĂůƐ�ǁŝƚŚ�ƉŚĞŶǇůŬĞƚŽŶƵƌŝĂ͘

How it gets depleted 

>ĞƵĐŝŶĞ�ŝƐ�ĂǀĂŝůĂďůĞ�ŝŶ�ŵĂŶǇ�ĨŽŽĚƐ�ĂŶĚ�ĚĞĮĐŝĞŶĐǇ�
ŝƐ�ƌĂƌĞ͘�

>ĞƵĐŝŶĞ� ƐƵƉƉůĞŵĞŶƚĂƟŽŶ� ĂůŽŶĞ� � ĞǆĂĐĞƌďĂƚĞƐ� ƉĞůůĂŐƌĂ�
ĂŶĚ� ĐĂŶ� ĐĂƵƐĞ� ƉƐǇĐŚŽƐŝƐ� ŝŶ� ƉĞůůĂŐƌĂ� ƉĂƟĞŶƚƐ� ďǇ�
ŝŶĐƌĞĂƐŝŶŐ�ĞǆĐƌĞƟŽŶ�ŽĨ�ŶŝĂĐŝŶ�ŝŶ�ƚŚĞ�ƵƌŝŶĞ͘�>ĞƵĐŝŶĞ�ŵĂǇ�
ůŽǁĞƌ�ďƌĂŝŶ�ƐĞƌŽƚŽŶŝŶ�ĂŶĚ�ĚŽƉĂŵŝŶĞ͘

Clinical Manifestations of Depletion  

>ĞƵĐŝŶĞ� ŝƐ�ŵŽƌĞ�ŚŝŐŚůǇ� ĐŽŶĐĞŶƚƌĂƚĞĚ� ŝŶ� ĨŽŽĚƐ� ƚŚĂŶ�ŽƚŚĞƌ�
ĂŵŝŶŽ�ĂĐŝĚƐ͘���ĐƵƉ�ŽĨ�ŵŝůŬ�ĐŽŶƚĂŝŶƐ�ϴϬϬ�ŵŐ�ŽĨ�ůĞƵĐŝŶĞ�ĂŶĚ�
ŽŶůǇ�ϱϬϬ�ŵŐ�ŽĨ�ŝƐŽůĞƵĐŝŶĞ�ĂŶĚ�ǀĂůŝŶĞ͘���ĐƵƉ�ŽĨ�ǁŚĞĂƚ�ŐĞƌŵ�
ŚĂƐ�ĂďŽƵƚ�ϭ͘ϲ�Ő�ŽĨ�ůĞƵĐŝŶĞ�ĂŶĚ�ϭ�Ő�ŽĨ�ŝƐŽůĞƵĐŝŶĞ�ĂŶĚ�ǀĂůŝŶĞ͘�
dŚĞ�ƌĂƟŽ�ĞǀĞŶƐ�ŽƵƚ� ŝŶ�ĞŐŐƐ�ĂŶĚ�ĐŚĞĞƐĞ͘�KŶĞ�ĞŐŐ�ĂŶĚ�ĂŶ�
ŽƵŶĐĞ� ŽĨ� ŵŽƐƚ� ĐŚĞĞƐĞƐ� ĞĂĐŚ� ĐŽŶƚĂŝŶ� ĂďŽƵƚ� ϰϬϬ� ŵŐ� ŽĨ�
ůĞƵĐŝŶĞ�ĂŶĚ�ϰϬϬ�ŵŐ�ŽĨ�ǀĂůŝŶĞ�ĂŶĚ�ŝƐŽůĞƵĐŝŶĞ͘�dŚĞ�ƌĂƟŽ�ŽĨ�
ůĞƵĐŝŶĞ�ƚŽ�ŽƚŚĞƌ������ŝƐ�ŐƌĞĂƚĞƐƚ�ŝŶ�ƉŽƌŬ͕�ǁŚĞƌĞ�ůĞƵĐŝŶĞ�ŝƐ�
ϳ�ƚŽ�ϴ�Ő�ĂŶĚ�ƚŚĞ�ŽƚŚĞƌ������ƚŽŐĞƚŚĞƌ�ĂƌĞ�ŽŶůǇ�ϯͲϰ�ŐƌĂŵƐ͘

Food Sources 

����Ɛ͕� ĂŶĚ� ƉĂƌƟĐƵůĂƌůǇ� ůĞƵĐŝŶĞ͕� ĂƌĞ� ĂŵŽŶŐ� ƚŚĞ� ĂŵŝŶŽ�
ĂĐŝĚƐ�ŵŽƐƚ�ĞƐƐĞŶƟĂů�ĨŽƌ�ŵƵƐĐůĞ�ŚĞĂůƚŚ͘�^ƵƉƉůĞŵĞŶƚĂƟŽŶ�ŝƐ�
ƚǇƉŝĐĂůůǇ�ŶŽƚ�ŶĞĐĞƐƐĂƌǇ�ŝĨ�ƚŽƚĂů�ƉƌŽƚĞŝŶ�ŝŶƚĂŬĞ�ĨƌŽŵ�Ă�ǀĂƌŝĞƚǇ�
ŽĨ�ƐŽƵƌĐĞƐ�ŝƐ�ŽƉƟŵĂů͘�

Supplement Options

Physiological Function

Leu
(Leucine)
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ANTIOXIDANTS

CoQ10 is a fat-soluble compound primarily 
synthesized by the body and also consumed in 
the diet. It is found in virtually all cell membranes 
and participates in the mitochondria to convert 
carbohydrates and fatty acids into ATP. CoQ10 
also supports cell signaling, gene expression, 
stimulation of cell growth, inhibition of apoptosis, 
control of thiol groups, formation of hydrogen 
peroxide, and control of membrane channels.

Physiological Function

How it gets depleted 

CoQ10 is most commonly depleted through 
use of cholesterol-lowering medication, such 
DV�VWDWLQV��2WKHU�FDXVHV�RI�&R4���GHĆFLHQF\�
include genetic mutations that limit 
biosynthesis, unknown reasons in the aging 
process, cancer, and smoking.

6LJQV�RI�&R4���GHĆFLHQF\�LQFOXGH�PXVFOH�ZHDNQHVV�DQG�
fatigue, high blood pressure, and slowed thinking; more 
H[WUHPH�V\PSWRPV�RI�&R4���GHĆFLHQF\�LQFOXGH�FKHVW�
pain, heart failure, and seizures.

 

Clinical Manifestations of Depletion  

Food sources of CoQ10 are considered poor sources of 
the nutrient. Foods that contain more CoQ10 than others 
include organ meats from red meat sources. Nuts are 
considered a moderate source but would have to be eaten 
in extreme amounts to get the daily requirement.

Food Sources 

There is currently no established RDA, AI, or UL for 
CoQ10.
CoQ10 comes in both ubiquinone and ubiquinol forms; 
ubiquinol is considered the active form, however, the 
body uses both forms as needed. 
Typical doses required to restore minimum CoQ10 levels 
while using statin drugs are 100-200 mg/day. 
Intestinal absorption of CoQ10 is limited, but optimized if 
consumed with a meal containing fat. 
There are really no adverse symptoms with high dose 
CoQ10 supplementation; however, supplementation is 
typically not recommended for pregnant or lactating 
women due to lack of controlled studies. 

Supplement Options

CoQ10
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Cysteine has antioxidant properties itself, but is 
also a precursor molecule to glutathione 
production, the master antioxidant.
&\VWHLQH�LV�DOVR�DQ�LPSRUWDQW�VRXUFH�RI�VXOĆGH�
IRU�LURQ�VXOĆGH�PHWDEROLVP�
Cysteine will bind metals easily to its thiol 
group, such as iron, nickel, copper, zinc, and 
heavy metals such as mercury and lead, which 
PD\�FRQIHU�VRPH�FKHODWLRQ�EHQHĆWV��
Cysteine counteracts acetaldehyde effects 
from consumption of alcohol and can reduce 
hangovers.

How it gets depleted 

Cysteine can be synthesized endogenously as 
ORQJ�DV�VXIĆFLHQW�PHWKLRQLQH�LV�DYDLODEOH�LQ�WKH�
diet. Depletion is extremely rare.

'HSOHWLRQ� RU� GHĆFLHQF\� RI� F\VWHLQH� LV� QRW� FRPPRQ�� DV�
cysteine can be made endogenously, but can conditionally 
be required in greater amounts due to its strong 
DQWLR[LGDQW�DQG�GHWR[LĆFDWLRQ�SURSHUWLHV��

Clinical Manifestations of Depletion  

Dietary sources of cysteine include: meat, poultry, eggs, 
dairy, red peppers, garlic, onions, broccoli, Brussels sprouts, 
oats, granola, wheat germ, and lentils.

Food Sources 

There is currently no established RDA, AI, or UL for 
cysteine. 
Cysteine is typically purchased in supplement form as 
N-acetyl-cysteine (NAC). 
Cysteine can be purchased as L-cysteine in powder form. 
For general antioxidant support, doses start at 
500mg/day and can increase depending upon direction 
from medical provider.

AVOID: D-cysteine or D-cystine, which are toxic 

Supplement Options

Physiological Function

Cys
(Cysteine)
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Glutathione is the master intracellular antioxidant.
Glutathione is the main non-enzymatic antioxidant 
in intestinal epithelium.
The only cells in the body that have been found to 
be able to absorb intact GSH are hepatocytes, 
intestinal mucosal cells, and retinal cells.
GSH can also conjugate target compounds for 
removal through hepatic/renal excretion or 
through removal into the intestinal lumen and 
through fecal elimination. 
Alpha-lipoic acid appears to support the transport 
of cystine (two bonded cysteine molecules) 
between cells for uptake to generate glutathione, 
and therefore, may increase glutathione synthesis 
provided that cysteine levels are adequate.

How it gets depleted 

Glutathione levels deplete naturally during 
aging, however, this could be related to 
decreased protein intake in aging individuals.
3UR�LQćDPPDWRU\�VWDWHV�DQG�HOHYDWHG�R[LGDWLYH�
stress will drain GSH stores and require a 
conditionally greater intake of either high 
cysteine foods or NAC as a supplement to 
increase endogenous GSH production.
Conversion of depleted glutathione back to its 
active state is achieved through an 
NADPH-dependent enzyme, so it stands to 
reason that low levels of NAD (or niacin, nicotinic 
acid) could further limit this conversion back to 
active GSH forms.
Consider mutations in GSHPx gene to determine 
LI� GHĆFLHQF\� RU� GHSOHWLRQ� LV� JHQHWLFDOO\�
LQćXHQFHG��

6\PSWRPV� RI� JOXWDWKLRQH� GHSOHWLRQ� RU� GHĆFLHQF\� LQFOXGH��
IDWLJXH�� LQFUHDVHG� R[LGDWLYH� VWUHVV�� LQćDPPDWLRQ�� FDQFHU��
and infections.

Clinical Manifestations of Depletion  

Dietary glutathione consumption does not correlate with 
systemic levels of glutathione, but sources of glutathione are 
IUXLWV� DQG� YHJHWDEOHV� VXFK� DV�� DVSDUDJXV�� DYRFDGR�� VSLQDFK��
broccoli, cantaloupe, tomato, carrot, grapefruit, orange, 
zucchini, strawberry, watermelon, papaya, red bell pepper, 
SHDFKHV��OHPRQV��PDQJRHV��FDXOLćRZHU��DQG�FDEEDJH��

Food Sources 

There currently is no RDA, AI, or UL established for 
glutathione intake. 
Glutathione cannot enter cells intact, and must be 
synthesized inside the cell in order to be effective, therefore, 
VXSSOHPHQWDWLRQ�XVXDOO\�KDV�QHJOLJLEOH�EHQHĆW�
Supplementing the building blocks such as N-acetyl-cysteine, 
glutamic acid and glycine, of which NAC is the only one that 
may be necessary to supplement, may increase cellular 
production of glutathione. 
Direct glutathione supplementation has only been shown to 
EHQHĆW� VORZLQJ� WKH� EUHDNGRZQ� RI� QLWULF� R[LGH� LQ� WKH�
bloodstream.

Supplement Options

Physiological Function

GSH
(Glutathione)
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^ĞůĞŶŝƵŵ� ŝƐ� ĂŶ� ĞƐƐĞŶƟĂů� ƚƌĂĐĞ� ĞůĞŵĞŶƚ� ƌĞƋƵŝƌĞĚ� ĨŽƌ�
ŝŵŵƵŶĞ� ĨƵŶĐƟŽŶ� ĂŶĚ� ĨŽƌ� ƚŚĞ� ƐǇŶƚŚĞƐŝƐ� ŽĨ� ƚŚǇƌŽŝĚ�
ŚŽƌŵŽŶĞƐ͕�ƚŚƌŽƵŐŚ�ŝƚƐ�ĂĐƟŽŶƐ�ŝŶ�ƐĞůĞŶŽƉƌŽƚĞŝŶƐ�ƐƵĐŚ�ĂƐ�
ŝŽĚŽƚŚǇƌŽŶŝŶĞ�ĚĞŝŽĚŝŶĂƐĞ͕�ĂŶĚ�ƚŚĞ�ĚŝƌĞĐƚ�ĐŽŶǀĞƌƐŝŽŶ�ŽĨ�
ƚŚǇƌŽǆŝŶĞ�;dϰͿ�ƚŽ�ƚƌŝŝŽĚŽƚŚǇƌŽŶŝŶĞ�;dϯͿ͘�

�ĚĚŝƟŽŶĂůůǇ͕ �ƚŚŝƐ�ŵŝŶĞƌĂů�ĂƐƐŝƐƚƐ�ĞŶǌǇŵĞƐ�ŝŶ�ƉƌŽƚĞĐƟŶŐ�
ĐĞůů�ŵĞŵďƌĂŶĞƐ�ĨƌŽŵ�ĚĂŵĂŐĞ�ĂŶĚ�ƐĞůĞŶŝƵŵ�ŝƐ�Ă�ĐƌŝƟĐĂů�
ĐŽŵƉŽŶĞŶƚ�ŽĨ�ĂŶƟŽǆŝĚĂŶƚ�ƌĞĂĐƟŽŶƐ͕�ďǇ�ƐƵƉƉŽƌƟŶŐ�ƚŚĞ�
ƉƌŽĚƵĐƟŽŶ� ŽĨ� ƐĞůĞŶŽƉƌŽƚĞŝŶƐ͕� ƐƵĐŚ� ĂƐ� ŐůƵƚĂƚŚŝŽŶĞ�
ƉĞƌŽǆŝĚĂƐĞ͘�

^ĞůĞŶŝƵŵ�ŚĞůƉƐ� ƚŽ� ƌĞŐĞŶĞƌĂƚĞ�ǀŝƚĂŵŝŶ���ĂŶĚ�ǀŝƚĂŵŝŶ���
ĨƌŽŵ�ƚŚĞŝƌ�ŽǆŝĚŝǌĞĚ�ĨŽƌŵƐ͕�ƐƵƉƉŽƌƟŶŐ�ĂŶƟŽǆŝĚĂŶƚ�ĂĐƟŽŶ�
ŽĨ�ƚŚĞƐĞ�ǀŝƚĂŵŝŶƐ͘
 

/ŶĚŝǀŝĚƵĂůƐ�Ăƚ�ƌŝƐŬ�ĨŽƌ�ůŽǁ�ůĞǀĞůƐ�ŽĨ�ƐĞůĞŶŝƵŵ�Žƌ�ƐĞůĞŶŝƵŵ�
ĚĞƉůĞƟŽŶ�ĂƌĞ�ƉĂƟĞŶƚƐ�ǁŚŽ�ŚĂǀĞ�ŚĂĚ�ďĂƌŝĂƚƌŝĐ�ƐƵƌŐĞƌǇ͕ �
ĐĞůŝĂĐ�ƉĂƟĞŶƚƐ͕�ĂŶĚ��ƌŽŚŶ Ɛ͛�ĚŝƐĞĂƐĞ�ƉĂƟĞŶƚƐ͘�

^ĞůĞŶŝƵŵ� ĚĞĮĐŝĞŶĐǇ� ŝƐ� ǀĞƌǇ� ƌĂƌĞ� ŝŶ� ĚĞǀĞůŽƉĞĚ�
ĐŽƵŶƚƌŝĞƐ͘� >Žǁ� ƐĞůĞŶŝƵŵ� ŝŶƚĂŬĞ� ŵĂǇ� ĚĞĐƌĞĂƐĞ� ĂŶ�
ŝŶĚŝǀŝĚƵĂů Ɛ͛� ĂďŝůŝƚǇ� ƚŽ� ĮŐŚƚ� ǀŝƌĂů� ŝŶĨĞĐƟŽŶƐ͘� ^ŽŵĞ�
ƌĞƐĞĂƌĐŚ� ĂůƐŽ� ůŝŶŬƐ� ůŽǁ� ŝŶƚĂŬĞƐ� ƚŽ� ƐŽŵĞ� ĐĂŶĐĞƌƐ͘�
dŽǆŝĐŝƚǇ�ĐĂƵƐĞƐ�ďƌŝƩůĞ�ŚĂŝƌ�ĂŶĚ�ŶĂŝůƐ�ĂŶĚ�ŝƐ�ŵŽƐƚ�ůŝŬĞůǇ�
ƚŽ�ŽĐĐƵƌ�ǁŝƚŚ�ƐƵƉƉůĞŵĞŶƚƐ͘
^ĞůĞŶŝƵŵ� ĚĞĮĐŝĞŶĐǇ� ŵĂǇ� ŶŽƚ� ĂůǁĂǇƐ� ƉƌŽĚƵĐĞ� ŽǀĞƌƚ�
ƐǇŵƉƚŽŵƐ�ŽĨ�ĚŝƐĞĂƐĞ͕�ďƵƚ�ŵĂǇ�ŵĂŶŝĨĞƐƚ�ĂƐ�ŝŶĐƌĞĂƐĞĚ�
ŽǆŝĚĂƟǀĞ� ƐƚƌĞƐƐ� ŝŶ� ĚĞĮĐŝĞŶƚ� ŝŶĚŝǀŝĚƵĂůƐ͕� ĚƵĞ� ƚŽ�
ĚĞĐƌĞĂƐĞĚ� ĂĐƟŽŶ� ŽĨ� ŐůƵƚĂƚŚŝŽŶĞ� ƉĞƌŽǆŝĚĂƐĞ͕�
ĚĞĐƌĞĂƐĞĚ� ĂŶƟŽǆŝĚĂŶƚ� ƌĞŐĞŶĞƌĂƟŽŶ͕� ĚĞĐƌĞĂƐĞĚ�
ĐŽŶǀĞƌƐŝŽŶ� ŽĨ� ƚŚǇƌŽŝĚ� ŚŽƌŵŽŶĞƐ͕� ĂŶĚ� ƌĞĚƵĐĞĚ�
ŵĞƚŚŝŽŶŝŶĞ�ŵĞƚĂďŽůŝƐŵ͘
^ĞǀĞƌĞ� ƐĞůĞŶŝƵŵ� ĚĞĮĐŝĞŶĐǇ� ĐĂŶ� ƌĞƐƵůƚ� ŝŶ� <ĞƐŚĂŶ�
ĚŝƐĞĂƐĞ͕� ŝŶ� ǁŚŝĐŚ� ƚŚĞ� ŚĞĂƌƚ� ďĞĐŽŵĞƐ� ĞŶůĂƌŐĞĚ�
ĂůŽŶŐƐŝĚĞ� ĐĂƌĚŝĂĐ� ŝŶƐƵĸĐŝĞŶĐǇ͘� ^ĞůĞŶŝƵŵ�
ƐƵƉƉůĞŵĞŶƚĂƟŽŶ�ƉƌĞǀĞŶƚƐ�ĨƵƌƚŚĞƌ�ƉƌŽŐƌĞƐƐŝŽŶ�ŽĨ�ƚŚĞ�
ĐŽŶĚŝƟŽŶ͕� ďƵƚ� ĚŽĞƐ� ŶŽƚ� ƌĞǀĞƌƐĞ� ĚĂŵĂŐĞ� ƚŚĂƚ� ŚĂƐ�
ĂůƌĞĂĚǇ�ŽĐĐƵƌƌĞĚ͘�
 

&ŽŽĚ�ƐŽƵƌĐĞƐ�ŽĨ�ƐĞůĞŶŝƵŵ�ŝŶĐůƵĚĞ͗��ƌĂǌŝů�ŶƵƚƐ͕�ƚƵŶĂ͕�
ĐŽĚ͕� ƚƵƌŬĞǇ͕ � ĐŚŝĐŬĞŶ� ďƌĞĂƐƚ͕� ďĞĞĨ� ƌŽĂƐƚ͕� ƐƵŶŇŽǁĞƌ�
ƐĞĞĚƐ͕�ĂŶĚ�ŐƌŽƵŶĚ�ďĞĞĨ͘ �KƌŐĂŶ�ŵĞĂƚƐ͕�ƐĞĂĨŽŽĚ͕�ŽƚŚĞƌ�
ŵĞĂƚƐ͕�ĂŶĚ�ǁŚŽůĞ�ŐƌĂŝŶƐ�ĂƌĞ�ĂĚĚŝƟŽŶĂů�ƐŽƵƌĐĞƐ͘

�ĞƉĞŶĚŝŶŐ�ƵƉŽŶ� ƚŚĞ� ƐŽŝů� ŝŶ�ǁŚŝĐŚ� ƚŚĞǇ� ĂƌĞ� ŐƌŽǁŶ͕�
�ƌĂǌŝů� ŶƵƚƐ� ĂƌĞ� ŽŶĞ� ŽĨ� ƚŚĞ� ƌŝĐŚĞƐƚ� ƐŽƵƌĐĞƐ� ŽĨ�
ƐĞůĞŶŝƵŵ͘�

dŚĞ�Z���ĨŽƌ�ƐĞůĞŶŝƵŵ�ŝƐ�ϱϱ�ђŐͬĚĂǇ͘�
dŚĞ� h>� ĨŽƌ� ƐĞůĞŶŝƵŵ� ŝƐ� ϰϬϬ� ђŐͬĚĂǇ͕ � ŝŶĐůƵĚŝŶŐ� ĨŽŽĚ�
ƐŽƵƌĐĞƐ͘
WƌŽƚĞŝŶͲďĂƐĞĚ�ĨŽŽĚ�ƐŽƵƌĐĞƐ�ŽĨ�ƐĞůĞŶŝƵŵ�ĂƉƉĞĂƌ�ƚŽ�ďĞ�
ƚŚĞ�ŵŽƐƚ� ĞīĞĐƟǀĞ� Ăƚ� ŝŶĐƌĞĂƐŝŶŐ� ĐŝƌĐƵůĂƟŶŐ� ůĞǀĞůƐ� ŽĨ�
ŐůƵƚĂƚŚŝŽŶĞ�ƉĞƌŽǆŝĚĂƐĞ͘
^ĞůĞŶŝƵŵ� ƐƵƉƉůĞŵĞŶƚĂƟŽŶ� ŝŶ� ŝŶĚŝǀŝĚƵĂůƐ� ǁŝƚŚ�
ĂƵƚŽŝŵŵƵŶĞ� ƚŚǇƌŽŝĚŝƟƐ� ŚĂƐ� ďĞĞŶ� ƐŚŽǁŶ� ƚŽ� ƌĞĚƵĐĞ�
ĐŝƌĐƵůĂƟŶŐ�ĂƵƚŽĂŶƟďŽĚǇ�ůĞǀĞůƐ͘
^ĞůĞŶŝƵŵ�ƐƵƉƉůĞŵĞŶƚĂƟŽŶ�ŚĂƐ�ďĞĞŶ�ĨŽƵŶĚ�ƚŽ�ƌĞĚƵĐĞ�
ǀŝƌĂů�ůŽĂĚ�ƉƌŽŐƌĞƐƐŝŽŶ�ŝŶ�ŝŶĚŝǀŝĚƵĂůƐ�ǁŝƚŚ�,/s͘ �
^ĞůĞŶŝƵŵ�ƐƵƉƉůĞŵĞŶƚĂƟŽŶ�ŝŶ�ƉĞƌƐŽŶƐ�ǁŝƚŚ�ƐĞƉƐŝƐ�ĂŶĚ�
ƐĞƉƟĐ�ƐŚŽĐŬ�ŚĂƐ�ďĞĞŶ�ƐŚŽǁŶ�ƚŽ�ƌĞĚƵĐĞ�ŵŽƌƚĂůŝƚǇ͘
^ĞůĞŶŝƵŵ�ĐŽŵĞƐ�ŝŶ�ƚŚĞ�ĨŽůůŽǁŝŶŐ�ƐƵƉƉůĞŵĞŶƚĂů�ĨŽƌŵƐ͗�
ƐŽĚŝƵŵ͕�ƐĞůĞŶŝƚĞ͕�ƐŽĚŝƵŵ�ƐĞůĞŶĂƚĞ͕�ƐĞůĞŶŽŵĞƚŚŝŽŶŝŶĞ͘
^ĞůĞŶŽŵĞƚŚŝŽŶŝŶĞ�ŚĂƐ�ďĞĞŶ�ƐŚŽǁŶ�ƚŽ�ŝŶĐƌĞĂƐĞ�ďůŽŽĚ�
ůĞǀĞůƐ�ŽĨ�ƐĞůĞŶŝƵŵ�ŵŽƌĞ�ĞīĞĐƟǀĞůǇ�ƚŚĂŶ�ƚŚĞ�ŝŶŽƌŐĂŶŝĐ�
ĨŽƌŵƐ� ŽĨ� ƐĞůĞŶŝƵŵ� ;ƐĞůĞŶŝƚĞ� ĂŶĚ� ƐĞůĞŶĂƚĞͿ͘� ^ŽĚŝƵŵ�
ƐĞůĞŶĂƚĞ� ŝƐ� ĂďƐŽƌďĞĚ� ƚŽ� Ă� ůĞƐƐĞƌ� ĞǆƚĞŶƚ� ƚŚĂŶ� ƐŽĚŝƵŵ�
ƐĞůĞŶŝƚĞ͕� ďƵƚ� ƐŽĚŝƵŵ� ƐĞůĞŶĂƚĞ� ŝƐ� ƌĞƚĂŝŶĞĚ� ŝŶ� ŐƌĞĂƚĞƌ�
ĂŵŽƵŶƚƐ͘�
^ĞůĞŶŝƵŵ� ƐƵƉƉůĞŵĞŶƚƐ� ĂƌĞ� ŶŽƚ� ƌĞĐŽŵŵĞŶĚĞĚ� ĨŽƌ�
ŝŶĚŝǀŝĚƵĂůƐ�ǁŝƚŚ�Žƌ�Ăƚ�ƌŝƐŬ�ĨŽƌ�ĚŝĂďĞƚĞƐ�ŵĞůůŝƚƵƐ͘�

Se
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�ǆĐĞƐƐ� ůĞǀĞůƐ� ĐĂŶ� ůĞĂĚ� ƚŽ� ƐĞůĞŶŝƵŵ� ƉŽŝƐŽŶŝŶŐ� Žƌ�
ƚŽǆŝĐŝƚǇ͕ �ĂŶĚ�ƚŚŝƐ�ĐĂŶ�ƉŽƚĞŶƟĂůůǇ�ďĞ�ĨĂƚĂů�Žƌ� ůĞĂĚ�ƚŽ�
ŚĞĂƌƚ�ĂƩĂĐŬ�ĂŶĚ�ƌĞƐƉŝƌĂƚŽƌǇ�;ůƵŶŐͿ�&Žƌ�ŵŽƐƚ�ƉĞŽƉůĞ͕�
ƐĞůĞŶŝƵŵ� ƌĞƋƵŝƌĞŵĞŶƚƐ� ĐĂŶ� ďĞ� ŵĞƚ� ƚŚƌŽƵŐŚ� ĨŽŽĚ�
ƐŽƵƌĐĞƐ͘

^ǇŵƉƚŽŵƐ� ŽĨ� ƐĞůĞŶŝƵŵ� ƚŽǆŝĐŝƚǇ� ŝŶĐůƵĚĞ� ŶĂƵƐĞĂ͖�
ǀŽŵŝƟŶŐ͖� ŶĂŝů� ĚŝƐĐŽůŽƌĂƟŽŶ͕� ďƌŝƩůĞŶĞƐƐ͕� ĂŶĚ� ůŽƐƐ͖�
ŚĂŝƌ� ůŽƐƐ͖� ĨĂƟŐƵĞ͖� ŝƌƌŝƚĂďŝůŝƚǇ͖� ĂŶĚ� ĨŽƵů� ďƌĞĂƚŚ� ŽĚŽƌ�
;ŽŌĞŶ�ĚĞƐĐƌŝďĞĚ�ĂƐ�͞ŐĂƌůŝĐ�ďƌĞĂƚŚ͟Ϳ͘
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�ŝĐŽƐĂƉĞŶƚĂŶŽŝĐ� ĂĐŝĚ� ;�W�Ϳ� ŝƐ� ĂŶ� ŽŵĞŐĂͲϯ� ĨĂƩǇ�
ĂĐŝĚ� ƚŚĂƚ� ƉĂƌƟĐŝƉĂƚĞƐ� ŝŶ� ƚŚĞ� ŚĞĂůƚŚ� ŽĨ� ĐĞůůƵůĂƌ�
ŵĞŵďƌĂŶĞƐ͕�ŵĞĚŝĂƚĞƐ�ůŝƉŝĚ�ĂĐƟŽŶƐ͕�ĂŶĚ�ƌĞĚƵĐĞƐ�
ŝŶŇĂŵŵĂƚŽƌǇ�ƌĞƐƉŽŶƐĞƐ�ŝŶ�ƚŚĞ�ďŽĚǇ͘
�W�� ĂŶĚ� �,�� ŝŶŇƵĞŶĐĞ� ƚŚĞ� ƚǇƉĞƐ� ŽĨ�
ŝŶŇĂŵŵĂƚŽƌǇ�ƌĞƐƉŽŶƐĞ�ŵĞĚŝĂƚŽƌƐ�ŵĂĚĞ�ŝŶ�ĨĂǀŽƌ�
ŽĨ� ĂŶƟͲŝŶŇĂŵŵĂƚŽƌǇ� ĞŝĐŽƐĂŶŽŝĚƐ� ƐƵĐŚ� ĂƐ�
ůĞƵŬŽƚƌŝĞŶĞƐ͕�ƉƌŽƐƚĂŐůĂŶĚŝŶƐ͕�ĂŶĚ�ƚŚƌŽŵďŽǆĂŶĞƐ͘
�W�� ĂŶĚ� �,�� ĂƌĞ� ĂůƐŽ� ŶŽƚĞĚ� ĨŽƌ� ŵŽĚĞƌĂƚĞ� ƚŽ�
ƐƚƌŽŶŐ�ĂŶƟͲĚĞƉƌĞƐƐĂŶƚ�ĞīĞĐƚƐ͘�
^ƉĞĐŝĮĐ� ƚŽ� �W�͕� ŝƚ� ŚĂƐ� ďĞĞŶ� ƐŚŽǁŶ� ƚŽ� ƐƵƉƉƌĞƐƐ�
ƐŝŐŶĂůŝŶŐ�ŽĨ�dE&Ͳɲ�ŝŶ�ĂĚŝƉŽĐǇƚĞƐ͘
�W��ĂůƐŽ�ŝŶĐƌĞĂƐĞƐ�ĐĞƌĞďƌĂů�ŽǆǇŐĞŶĂƟŽŶ͘
�W�� ĂƉƉĞĂƌƐ� ƚŽ� ŚĂǀĞ� ƐŽŵĞ� ďĞŶĞĮĐŝĂů� ŝŶŇƵĞŶĐĞ�
ŽŶ� ƌĞŐƵůĂƟŶŐ� ůĞǀĞůƐ� ŽĨ� ůĞƉƟŶ� ĂŶĚ� ŝŶĐƌĞĂƐŝŶŐ�
ĂĚŝƉŽŶĞĐƟŶ͘�
�W�� ŵĂǇ� ĞŶŚĂŶĐĞ� ĂĚĂƉƟǀĞ� ŝŵŵƵŶŝƚǇ� ďǇ�
ƐƟŵƵůĂƟŶŐ���ĐĞůů�ƌĞƐƉŽŶƐŝǀĞŶĞƐƐ͘�

How it gets depleted 

>ŽǁĞƌ�ĚŝĞƚĂƌǇ�ŝŶƚĂŬĞ�ŽĨ�ŽŵĞŐĂͲϯ�ĨĂƩǇ�ĂĐŝĚƐ�ŝƐ�
ƚŚĞ� ƉƌŝŵĂƌǇ� ƌĞĂƐŽŶ� ĨŽƌ� ĚĞĮĐŝĞŶĐǇ� ŽĨ� �W�͕� Žƌ�
ůŽǁ�ůĞǀĞůƐ�ŽĨ��W�͘

�ĞƌƚĂŝŶ� ŐĞŶĞƟĐ� ƉŽůǇŵŽƌƉŚŝƐŵƐ� ƐƵĐŚ� ĂƐ�
ƌĞĚƵĐĞĚ� ĂĐƟǀŝƚǇ� ŽĨ� ƚŚĞ� &��^ϭ� ĂŶĚ� &��^Ϯ�
ŐĞŶĞƐ�ŵĂǇ�ůĞĂĚ�ƚŽ�ƌĞĚƵĐĞĚ�ĐŽŶǀĞƌƐŝŽŶ�ŽĨ��>��
ŝŶƚŽ��W��ĂŶĚ��,�͘

�W��ĐĂŶ�ďĞ�ŵĂŶƵĨĂĐƚƵƌĞĚ�ŝŶ�ƚŚĞ�ďŽĚǇ�ĨƌŽŵ��>�͕�ĂƐ�ǁĞůů�ĂƐ�
ƌĞƚƌŽĐŽŶǀĞƌƚĞĚ� ĨƌŽŵ� �,�͘� ,ŽǁĞǀĞƌ͕ � ƌĞůǇŝŶŐ� ƐŽůĞůǇ� ŽŶ�
ŝŶƚĂŬĞ� ŽĨ� �>�� ƚŽ� ƉƌŽǀŝĚĞ� ĂĚĞƋƵĂƚĞ� ůĞǀĞůƐ� ŽĨ� �W�� ŝƐ� ŶŽƚ�
ƌĞĐŽŵŵĞŶĚĞĚ�ĚƵĞ�ƚŽ�ƉŽŽƌ�Žƌ�ŝŶĞĸĐŝĞŶƚ�ĐŽŶǀĞƌƐŝŽŶ�ĨƌŽŵ�
�>��ƚŽ��W�͘

>ŽǁĞƌ� ůĞǀĞůƐ�ŽĨ��W��Žƌ�ĚĞĮĐŝĞŶƚ� ŝŶƚĂŬĞ�ŽĨ��W��ŚĂǀĞ�ďĞĞŶ�
ůŝŶŬĞĚ� ƚŽ� ŝŶĐƌĞĂƐĞĚ� ƌŝƐŬ� ĨŽƌ� ĐĂƌĚŝŽǀĂƐĐƵůĂƌ� ĚŝƐĞĂƐĞ͕�
ĂƌƌŚǇƚŚŵŝĂ͕� ďůŽŽĚ� ĐůŽƚƐ͕� ŚĞĂƌƚ� ĂƩĂĐŬƐ͕� ƐƚƌŽŬĞ͕� ĞůĞǀĂƚĞĚ�
ƚƌŝŐůǇĐĞƌŝĚĞ� ůĞǀĞůƐ͕� ŝŶĐƌĞĂƐĞĚ� ŐƌŽǁƚŚ� ŽĨ� ĂƚŚĞƌŽƐĐůĞƌŽƟĐ�
ƉůĂƋƵĞ͕�ƌĞĚƵĐĞĚ�ǀĂƐĐƵůĂƌ�ĞŶĚŽƚŚĞůŝĂů�ĨƵŶĐƟŽŶ͕�ƐŬŝŶ�ĐĂŶĐĞƌ͕ �
ĂŶĚ�ŝŶĐƌĞĂƐĞĚ�ŝŶŇĂŵŵĂƟŽŶ͘

>ŽǁĞƌ� ůĞǀĞůƐ�ŽĨ� �W��ĂƌĞ� ĂůƐŽ� ĂƐƐŽĐŝĂƚĞĚ�ǁŝƚŚ� ůŽǁĞƌ�ďƌĂŝŶ�
ŵĂƐƐ�ŝŶ�ŽůĚĞƌ�ĂĚƵůƚƐ͘

Clinical Manifestations of Depletion  

'ŽŽĚ� ƐŽƵƌĐĞƐ� ŽĨ� �W�� ŝŶĐůƵĚĞ͗� ĨĂƩǇ� ĮƐŚ� ƐƵĐŚ� ĂƐ� WĂĐŝĮĐ�
ŚĞƌƌŝŶŐ͕� ƐĂůŵŽŶ͕� ŽǇƐƚĞƌƐ͕� ƚƵŶĂ͕� ĂŶĚ� ŽŵĞŐĂͲϯ� ĞŶƌŝĐŚĞĚ�
ĞŐŐƐ͘�

&ŽŽĚ� ƐŽƵƌĐĞƐ� ŽĨ� �>�͕� ƚŚĞ� ĞƐƐĞŶƟĂů� ĨĂƩǇ� ĂĐŝĚ� �W��
ƉƌĞĐƵƌƐŽƌ�ŝŶĐůƵĚĞ͗�ŇĂǆƐĞĞĚƐ�ĂŶĚ�ŇĂǆƐĞĞĚ�Žŝů͕�ĐŚŝĂ�ƐĞĞĚƐ͕�
ǁĂůŶƵƚƐ͕�ĂŶĚ�ĐĂŶŽůĂ�Žŝů͘�

Food Sources 

�ƵƌƌĞŶƚůǇ͕ �ŶŽ�ŽĸĐŝĂů�ĚŝĞƚĂƌǇ�ŝŶƚĂŬĞ�ƌĞĐŽŵŵĞŶĚĂƟŽŶƐ�ŚĂǀĞ�
ďĞĞŶ�ĞƐƚĂďůŝƐŚĞĚ͘
^ĞǀĞƌĂů� ŽĸĐŝĂů� ŚĞĂůƚŚ� ŽƌŐĂŶŝǌĂƟŽŶƐ� ŚĂǀĞ� ƉƌŽƉŽƐĞĚ� Ă�
ŵŝŶŝŵƵŵ�ĚŝĞƚĂƌǇ�ŝŶƚĂŬĞ�ůĞǀĞů�ŽĨ�ϱϬϬ�ŵŐͬĚĂǇ�ŽĨ��W�н�,�͘
�ĞĐĂƵƐĞ�ƚŚĞ�ĞĸĐŝĞŶĐǇ�ŽĨ�ĐŽŶǀĞƌƐŝŽŶ�ŽĨ��>��ƚŽ��W��ŝƐ�ƐŽ�ůŽǁ͕�
ƐƵƉƉůĞŵĞŶƟŶŐ� �W�� ŝƐ� ŐĞŶĞƌĂůůǇ� ƌĞĐŽŵŵĞŶĚĞĚ� ƚŽ� ŵĞĞƚ�
ƚŚĞƌĂƉĞƵƟĐ�ĚŽƐĞƐ͘
,ŝŐŚ� ĚŽƐĞ� ƐƵƉƉůĞŵĞŶƚĂƟŽŶ� ŽĨ� ŽŵĞŐĂͲϯ� ĨĂƩǇ� ĂĐŝĚƐ�
;ŝŶĐůƵĚŝŶŐ� �W�Ϳ� ŚĂƐ� ďĞĞŶ� ƐŚŽǁŶ� ƚŽ� ƌĞĚƵĐĞ� ƚŚĞ� ŶĞĞĚ� ĨŽƌ�
ŶŽŶͲƐƚĞƌŽŝĚĂů�ĂŶƟͲŝŶŇĂŵŵĂƚŽƌǇ�ĚƌƵŐƐ�;E^�/�^Ϳ͘
WĞƌƐŽŶƐ�ƐƵīĞƌŝŶŐ�ĨƌŽŵ�ƵůĐĞƌĂƟǀĞ�ĐŽůŝƟƐ�ŚĂǀĞ�ďĞĞŶ�ƐŚŽǁŶ�
ƚŽ� ŶĞĞĚ� ĨĞǁĞƌ� ĐŽƌƟĐŽƐƚĞƌŽŝĚƐ� ǁŚĞŶ� ƐƵƉƉůĞŵĞŶƟŶŐ� ǁŝƚŚ�
ŚŝŐŚ�ĚŽƐĞ�ŽŵĞŐĂͲϯ�ĨĂƩǇ�ĂĐŝĚƐ͘
�ĚǀĞƌƐĞ�ƐŝĚĞ�ĞīĞĐƚƐ�ŽďƐĞƌǀĞĚ�ǁŝƚŚ�ŚŝŐŚ�ĚŽƐĞ�ŽŵĞŐĂͲϯ�ĨĂƩǇ�
ĂĐŝĚƐ�ĨƌŽŵ�ƐƵƉƉůĞŵĞŶƚ�ĨŽƌŵ�ŝŶĐůƵĚĞ�ŐĂƐƚƌŽŝŶƚĞƐƟŶĂů�ƵƉƐĞƚ�
ĂŶĚ�ůŽŽƐĞ�ƐƚŽŽůƐ͘
KŵĞŐĂͲϯ� ƐƵƉƉůĞŵĞŶƚƐ� ŝŶĐůƵĚŝŶŐ� �W�� ĂŶĚ��,�� ƐŚŽƵůĚ� ďĞ�
ƵƐĞĚ�ǁŝƚŚ�ĐĂƵƟŽŶ�ŝŶ�ƉĞƌƐŽŶƐ�ǁŝƚŚ�ĐůŽƫŶŐ�ĚŝƐŽƌĚĞƌƐ�Žƌ�ŽŶ�
ĂŶƟͲĐůŽƫŶŐ�ŵĞĚŝĐĂƟŽŶ͘

Supplement Options

EPA
(Eicosapentaenoic 

acid )

Physiological Function
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Docosapentanoic acid (DPA) is a structurally 
similar omega-3 fatty acid to EPA.  

DPA is an intermediary omega-3 fatty acid 
between the conversion of EPA and DHA. 

DPA supports the production of healthy blood 
vessels and reduces clotting. 

How it gets depleted 

'HĆFLHQF\� RI� '+$� LV� W\SLFDOO\� GXH� WR� ORZ�
dietary intake of high DPA foods. 

Low levels of DPA are  associated with increased risk of 
thrombosis and stroke death.

Clinical Manifestations of Depletion  

*RRG� VRXUFHV� RI�'3$� LQFOXGH�� ĆVK� RLO�� IDWW\� ĆVK� VXFK� DV�
VDOPRQ��DQG�JUDVV�IHG�EHHI�

Food Sources 

Adverse side effects observed with high dose omega-3 
fatty acids from supplement form include 
gastrointestinal upset and loose stools.

Supplement Options

Physiological Function

DPA
(Docosapentaenoic 

Acid)

Arachidonic acid is considered a conditional 
essential fatty acid and is a structural 
component of cell membranes-particular 
cell membranes of the central nervous 
system (nerve and brain cells).

AA is also a metabolic precursor for 
SURLQćDPPDWRU\� VLJQDOLQJ� PROHFXOHV�
(eicosanoid) synthesis.

How it gets depleted 

$�ORZ�$$�OHYHO�ZLWK�D�KLJK�RU�QRUPDO�/$�OHYHO�
likely indicates a delta-6-desaturase 
GHĆFLHQF\�� � $FWLYLW\� RI� WKLV� HQ]\PH� FDQ� EH�
LPSDLUHG� ZLWK� LQFUHDVHG� DJH�� DOFRKRO� XVH��
FHUWDLQ� JHQHWLF� GHIHFWV� RU� QXWULHQW�
GHĆFLHQF\�RU�H[FHVV���

/RZ� OHYHOV� RI� $$� DUH� VRPHZKDW� UDUH� EXW� FDQ� OHDG� WR� DQ�
impairment to cell membrane functions of the central 
QHUYRXV� V\VWHP�� � &KLOGUHQ� ZLWK� DWWHQWLRQ� GHĆFLHQW� RU�
hyperactivity disorders have been shown to have low 
OHYHOV�� /RZ� OHYHOV� FRXOG� DOVR� OHDG� WR� DQ� LQDSSURSULDWH� RU�
LQVXIĆFLHQW�LPPXQH�UHVSRQVH�RU�GHOD\HG�ZRXQG�KHDOLQJ��

,Q� ZHVWHUQ� FXOWXUHV�� KLJK� OHYHOV� RI� $$� WHQG� WR� EH� PRUH�
problematic as they are associated with many 
SURLQćDPPDWRU\� FRQGLWLRQV� LQFOXGLQJ� KHDUW� GLVHDVH��
GLDEHWHV��DUWKULWLV�DQG�RWKHU�DXWRLPPXQH�FRQGLWLRQV��+LJK�
OHYHOV�RI�$$�VWLPXODWH�WKH�SURGXFWLRQ�RI�SURLQćDPPDWRU\�
cytokines. 

Clinical Manifestations of Depletion  

$$�FDQ�EH�PDGH�HQGRJHQRXVO\�LQVLGH�WKH�ERG\�IURP�WKH�
SDUHQW�FRPSRXQG�/LQROHQLF�$FLG���7KH�UDWH�RI�FRQYHUVLRQ�
LV�ODUJHO\�GHSHQGHQW�RQ�WKH�DFWLYLW\�RI�WKH�
delta-6-desaturase.  

Food Sources 

It is rarely necessary to supplement with arachidonic acid.  
,I� OHYHOV� DUH� GHĆFLHQW� FRQVLGHU� OLQROHQLF� DFLG� OHYHOV� DQG�
IDFWRUV�WKDW�FRXOG�LQćXHQFH�GHOWD���GHVDWXUDVH�HQ]\PH��

7R� UHGXFH� HQGRJHQRXV� $$� SURGXFWLRQ�� UHGXFH� GLHWDU\�
LQWDNH� RI� YHJHWDEOHV� RLOV� KLJK� LQ� /$� �FRUQ�� VR\�� FDQROD��
VDIćRZHU�RLO����

Fish oil supplementation or increased intake of EPA fatty 
acids in the diet can also lower AA.

Supplement Options

AA
(Arachidonic acid)

Physiological Function
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Omega-3 Index is the sum of EPA % and DHA 
% as measured in whole blood, and derived 
ďǇ� ǀĂůŝĚĂƚĞĚ� ĐĂůĐƵůĂƟŽŶƐ� ƚŽ� ǇŝĞůĚ� ƚŚĞ�
equivalent sum of EPA % and DHA % in red 
blood cell membranes. Please note this value 
is a percentage, with the denominator being 
ƚŚĞ� ƐƵŵ� ŽĨ� Ăůů� &ĂƩǇ� �ĐŝĚƐ� ŵĞĂƐƵƌĞĚ� ŝŶ� ƚŚĞ�
blood and thus the index can vary based on 
ĨĂƩǇ�ĂĐŝĚ�ĐŽŵƉŽƐŝƟŽŶ�ŽĨ�ƚŚĞ�ĚŝĞƚ͘

The index can be used as an indicator of risk 
for sudden cardiac death and nonfatal 
ĐĂƌĚŝŽǀĂƐĐƵůĂƌ� ĞǀĞŶƚƐ� ĂŶĚ� ĂƐ� Ă� ƚŚĞƌĂƉĞƵƟĐ�
target.It can also be used to assess adherence 
to omega-3 therapy and/or success or failure 
ŽĨ� ƐƵĐŚ� ƚŚĞƌĂƉǇ͘� KƉƟŵĂů� ŽŵĞŐĂͲϯ� ŝŶĚĞǆ�
ƉŽƐŝƟǀĞůǇ�ŝŵƉĂĐƚƐ�ŚĞĂƌƚ�ƌĂƚĞ͕�ďůŽŽĚ�ƉƌĞƐƐƵƌĞ͕�
ƚƌŝŐůǇĐĞƌŝĚĞ� ůĞǀĞůƐ͕� ŵǇŽĐĂƌĚŝĂů� ĞĸĐŝĞŶĐǇ͕ �
ŝŶŇĂŵŵĂƚŽƌǇ� ƌĞƐƉŽŶƐĞƐ͕� ĂŶĚ� ĞŶĚŽƚŚĞůŝĂů�
ĨƵŶĐƟŽŶ� ǁŚŝůĞ� ĂůƐŽ� ŝŵƉƌŽǀŝŶŐ� ĐŽŐŶŝƟǀĞ�
ĨƵŶĐƟŽŶ͘�

How it gets depleted 

The Omega-3 Index is a validated biomarker 
ŽĨ� ƟƐƐƵĞ� ŵĞŵďƌĂŶĞ� ŽŵĞŐĂͲϯ� ;ŶͲϯͿ�
ƉŽůǇƵŶƐĂƚƵƌĂƚĞĚ�ĨĂƩǇ�ĂĐŝĚ�;Wh&�Ϳ�ƐƚĂƚƵƐ͘��dŚĞ�
ƌĂƟŽ�ŝƐ�ĞǆƉƌĞƐƐĞĚ�ĂƐ�Ă�ƉĞƌĐĞŶƚĂŐĞ�ǁŚĞƌĞ�ƚŚĞ�
ĚĞŶŽŵŝŶĂƚŽƌ� ŝƐ� ƚŚĞ� ƐƵŵ� Žī� Ăůů� ĨĂƩǇ� ĂĐŝĚƐ�
measured in the blood.  Thus, a decrease in 
ƚŚĞ� ƌĂƟŽ� ĐĂŶ� ďĞ� ĐĂƵƐĞĚ� ďǇ� Ă� ůŽǁ� ŝŶƚĂŬĞ� ŽĨ�
ŽŵĞŐĂͲϯ� ĨĂƩǇ� ĂĐŝĚƐ� ĂŶĚ� ŝŶĐŽƌƉŽƌĂƟŽŶ� ŽĨ�
ƚŚŽƐĞ�ĨĂƩǇ�ĂĐŝĚƐ�ŝŶƚŽ�ĐĞůů�ŵĞŵďƌĂŶĞƐ͖�Žƌ�ĚƵĞ�
ƚŽ� Ă� ƉƌŽƉŽƌƟŽŶĂůůǇ� ŚŝŐŚ� ŝŶƚĂŬĞ� ŽĨ� ŽƚŚĞƌ�
ĚŝĞƚĂƌǇ� ĨĂƩǇ� ĂĐŝĚƐ� ;ƐĂƚƵƌĂƚĞĚ� ĨĂƩǇ� ĂĐŝĚƐ͕�
ŵŽŶŽͲƵŶƐĂƚƵƌĂƚĞĚ�ĨĂƩǇ�ĂĐŝĚƐ�ĂŶĚ�ŽŵĞŐĂͲϲ Ɛ͛�
ƉŽůǇ�ƵŶƐĂƚƵƌĂƚĞĚ�ĨĂƩǇ�ĂĐŝĚƐͿ

Low levels of omega-3 index are associated with increased 
risk for cardiac death.  

 

Clinical Manifestations of Depletion  

If omega-3 index is <8.0% it is advised to increased 
ĚŝĞƚĂƌǇ� ƐŽƵƌĐĞƐ�ŽĨ�ŽŵĞŐĂͲϯ Ɛ͛� ;�W��ĂŶĚ��,�Ϳ� ĨƌŽŵ�ďŽƚŚ�
plant and animal sources.  Because the omega-3 index is 
Ă� ƌĞůĂƟǀĞ� ƌĂƟŽ� ŽĨ� ŽŵĞŐĂͲϯ� ĐŽŵƉĂƌĞĚ� ƚŽ� Ăůů� ŽƚŚĞƌ� ĨĂƩǇ�
acids in the blood, it is also important to evaluate intake 
ŽĨ� Ăůů� ŽƚŚĞƌ� ĚŝĞƚĂƌǇ� ĨĂƩǇ� ĂĐŝĚƐ� ;ƐĂƚƵƌĂƚĞĚ� ĨĂƩǇ� ĂĐŝĚƐ͕�
ŵŽŶŽͲƵŶƐĂƚƵƌĂƚĞĚ� ĨĂƩǇ� ĂĐŝĚƐ� ĂŶĚ� ŽŵĞŐĂͲϲ Ɛ͛� ƉŽůǇ�

Food Sources 

�ƵƌƌĞŶƚůǇ͕ �ŶŽ�ŽĸĐŝĂů�ĚŝĞƚĂƌǇ�ŝŶƚĂŬĞ�ƌĞĐŽŵŵĞŶĚĂƟŽŶƐ�ŚĂǀĞ�
been established.
^ĞǀĞƌĂů� ŽĸĐŝĂů� ŚĞĂůƚŚ� ŽƌŐĂŶŝǌĂƟŽŶƐ� ŚĂǀĞ� ƉƌŽƉŽƐĞĚ� Ă�
minimum dietary intake level of 500 mg/day of EPA+DHA.
�ĞĐĂƵƐĞ�ƚŚĞ�ĞĸĐŝĞŶĐǇ�ŽĨ�ĐŽŶǀĞƌƐŝŽŶ�ŽĨ��>��ƚŽ��,��ŝƐ�ƐŽ�
ůŽǁ͕� ƐƵƉƉůĞŵĞŶƟŶŐ� �,�� ŝƐ� ŐĞŶĞƌĂůůǇ� ƌĞĐŽŵŵĞŶĚĞĚ� ƚŽ�
ŵĞĞƚ�ƚŚĞƌĂƉĞƵƟĐ�ĚŽƐĞƐ͘
The recommended minimum level of DHA 
ƐƵƉƉůĞŵĞŶƚĂƟŽŶ�ŝŶ�ĂĚƵůƚƐ�ŝĂ�ϮϱϬ�ŵŐ�ƉĞƌ�ĚĂǇ͘
WƌĞŐŶĂŶƚ� ĂŶĚ� ůĂĐƚĂƟŶŐ� ǁŽŵĞŶ� ĂƌĞ� ƌĞĐŽŵŵĞŶĚĞĚ� ƚŽ�
ĐŽŶƐƵŵĞ�Ăƚ�ůĞĂƐƚ�ϮϬϬ�ŵŐ��,��ƉĞƌ�ĚĂǇ͘
�ŝĂďĞƟĐ�ŝŶĚŝǀŝĚƵĂůƐ�ŵĂǇ�ďĞŶĞĮƚ�ĨƌŽŵ�ƐƵƉƉůĞŵĞŶƟŶŐ��,��
;ĂůŽŶŐ�ǁŝƚŚ��W�Ϳ�ĚƵĞ�ƚŽ�ŝƚƐ�ƚƌŝŐůǇĐĞƌŝĚĞͲůŽǁĞƌŝŶŐ�ĞīĞĐƚƐ͘
,ŝŐŚ� ĚŽƐĞ� ƐƵƉƉůĞŵĞŶƚĂƟŽŶ� ŽĨ� ŽŵĞŐĂͲϯ� ĨĂƩǇ� ĂĐŝĚƐ�
;ŝŶĐůƵĚŝŶŐ��,�Ϳ�ŚĂƐ�ďĞĞŶ� ƐŚŽǁŶ� ƚŽ� ƌĞĚƵĐĞ� ƚŚĞ�ŶĞĞĚ� ĨŽƌ�
ŶŽŶͲƐƚĞƌŽŝĚĂů�ĂŶƟͲŝŶŇĂŵŵĂƚŽƌǇ�ĚƌƵŐƐ�;E^�/�^Ϳ͘
WĞƌƐŽŶƐ�ƐƵīĞƌŝŶŐ�ĨƌŽŵ�ƵůĐĞƌĂƟǀĞ�ĐŽůŝƟƐ�ŚĂǀĞ�ďĞĞŶ�ƐŚŽǁŶ�
ƚŽ� ŶĞĞĚ� ĨĞǁĞƌ� ĐŽƌƟĐŽƐƚĞƌŽŝĚƐ�ǁŚĞŶ� ƐƵƉƉůĞŵĞŶƟŶŐ�ǁŝƚŚ�
ŚŝŐŚ�ĚŽƐĞ�ŽŵĞŐĂͲϯ�ĨĂƩǇ�ĂĐŝĚƐ͘�
�ĚǀĞƌƐĞ� ƐŝĚĞ� ĞīĞĐƚƐ� ŽďƐĞƌǀĞĚ� ǁŝƚŚ� ŚŝŐŚ� ĚŽƐĞ� ŽŵĞŐĂͲϯ�
ĨĂƩǇ�ĂĐŝĚƐ�ĨƌŽŵ�ƐƵƉƉůĞŵĞŶƚ�ĨŽƌŵ�ŝŶĐůƵĚĞ�ŐĂƐƚƌŽŝŶƚĞƐƟŶĂů�
upset and loose stools.
Omega-3 supplements including EPA and DHA should be 
ƵƐĞĚ�ǁŝƚŚ�ĐĂƵƟŽŶ�ŝŶ�ƉĞƌƐŽŶƐ�ǁŝƚŚ�ĐůŽƫŶŐ�ĚŝƐŽƌĚĞƌƐ�Žƌ�ŽŶ�
ĂŶƟͲĐůŽƫŶŐ�ŵĞĚŝĐĂƟŽŶ͘

Supplement Options

Physiological Function

Omega-3 
Index
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