
MAND Lab Handout #6: Nutritional Cofactors

Micronutrient Testing

IMPORTANT DISCLAIMER: These handouts are based on emerging

research and mechanistic reasoning from animal models and cell studies

— no MAND-specific clinical testing guidelines currently exist. The

metabolic framework is hypothetical but grounded in published molecular

data. Results need to be interpreted by providers familiar with both

MAND and metabolic medicine.

Understanding Nutritional Cofactor Micronutrient Testing for MAND

What is this testing for?

Many of the enzymes that make energy, protect cells, and process

nutrients need specific vitamins and minerals to work properly. These are

called "cofactors." In MAND, because the mitochondrial energy system

and antioxidant defenses are under extra stress, the body may need more

of certain cofactors than usual — or may not be using them efficiently.

This testing checks whether key vitamins and minerals are at adequate

levels.

Tests that may be ordered:

Energy-related cofactors:

Coenzyme Q10 (CoQ10): A critical molecule in the mitochondrial

energy chain. Low levels can worsen energy production problems.

Measured in blood (plasma).

Free and total carnitine: Carnitine carries fats into the mitochondria

to be burned for energy. Low levels can cause fatigue and muscle

weakness. Secondary carnitine deficiency is common in mitochondrial

conditions.

Vitamin B1 (thiamine): A cofactor for the pyruvate dehydrogenase

enzyme — the exact enzyme that is overactive in MAND due to low

PDK1. Adequate thiamine is essential for this enzyme to work

properly.
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Vitamin B2 (riboflavin): Needed for Complexes I and II of the

mitochondrial energy chain.

Vitamin B3 (niacin/niacinamide): A precursor to NAD+, which is the

molecule that carries electrons in the energy chain. NAD+ may be

depleted in MAND due to reductive stress.

Antioxidant and methylation cofactors:

Vitamin B6 (pyridoxine): Needed for many amino acid reactions,

including the transsulfuration pathway that makes glutathione. Also

needed for the enzyme that breaks down cystathionine (which may be

elevated in MAND).

Folate (vitamin B9) and Vitamin B12: Essential for the methylation

cycle, which connects to glutathione production. Deficiency can

impair the body's ability to recycle homocysteine and support

antioxidant defenses.

Vitamin D: Often low in children with neurodevelopmental conditions.

Important for immune function, bone health, and may have roles in

mitochondrial function.

Vitamin E: A fat-soluble antioxidant that protects cell membranes

from damage.

Why methylmalonic acid (MMA) and homocysteine are important for

evaluating B12 and folate:

Serum B12 and folate levels alone can be misleading — they measure

how much vitamin is circulating in the blood, but they do NOT tell you

whether the vitamins are actually working properly inside cells. A person

can have a "normal" serum B12 level but still have functional B12

deficiency at the cellular level. This is especially important in MAND,

where metabolic stress may increase the body's demand for these

vitamins beyond what standard reference ranges account for.

Two tests help evaluate whether B12 and folate are truly functioning:

Methylmalonic acid (MMA): B12 is required for the enzyme that

converts methylmalonyl-CoA to succinyl-CoA (a step that feeds into

the mitochondrial energy cycle). When B12 is not working properly

inside cells, this conversion is impaired and MMA builds up. An
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elevated MMA is a sensitive and specific marker of functional B12

deficiency — even when serum B12 looks normal. In MAND, this is

particularly relevant because the mitochondrial energy cycle is

already under stress, and a hidden B12 problem at this step would

make the energy bottleneck worse.

Homocysteine: Both B12 and folate are required to convert

homocysteine back into methionine (a process called remethylation).

When either B12 or folate is not working properly, homocysteine

accumulates. Elevated homocysteine can indicate deficiency of B12,

folate, or both — and it also indicates that the methylation cycle is

impaired, which directly affects the body's ability to make glutathione

(the main antioxidant that is already under stress in MAND).

How to interpret MMA and homocysteine together:

High MMA + high homocysteine = likely functional B12 deficiency

(B12 is needed for both pathways)

Normal MMA + high homocysteine = likely folate deficiency (folate is

needed for remethylation but not for the MMA pathway)

High MMA + normal homocysteine = possible early or tissue-specific

B12 deficiency

Normal MMA + normal homocysteine = B12 and folate are likely

functioning adequately at the cellular level

This distinction matters because simply checking serum B12 and folate

levels can miss functional deficiencies that are contributing to fatigue,

impaired glutathione production, and worsening of the mitochondrial

energy problems in MAND.

Mineral cofactors:

Zinc: Needed for superoxide dismutase (an antioxidant enzyme) and

over 300 other enzymes. Often low in neurodevelopmental conditions.

Selenium: Essential for glutathione peroxidase — the enzyme that

uses glutathione to neutralize harmful molecules. Without adequate

selenium, glutathione cannot do its job effectively.

Magnesium (RBC magnesium is preferred over serum): Needed for

ATP (energy) metabolism and over 300 enzymatic reactions. Serum
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magnesium can look normal even when the body is deficient — RBC

magnesium is a better measure.

Copper and ceruloplasmin: Copper interacts with iron metabolism.

Elevated copper has been reported in some neurodevelopmental

conditions and can worsen oxidative stress. In MAND, copper and

ceruloplasmin testing is particularly important given the COX17

connection — the goal is to understand whether copper is available in

the body AND whether it is reaching the mitochondria.

What do the results mean?

If any of these cofactors are low, targeted supplementation may help

support the metabolic pathways that are under stress in MAND. Even

"normal" levels may not be optimal given the increased metabolic

demands.

Key points:

CoQ10 and carnitine are commonly supplemented in mitochondrial

conditions

B vitamins (especially B1, B2, B3, B6) support the specific enzymes

affected in MAND

MMA and homocysteine should be checked alongside serum B12 and

folate to detect hidden functional deficiencies

Selenium is critical for glutathione function

RBC magnesium is more accurate than serum magnesium

Copper should be checked alongside iron studies, as they interact

Important: Supplementation should be guided by a healthcare provider

familiar with metabolic conditions. More is not always better — some

nutrients (like iron and copper) can be harmful in excess, especially in

MAND where storage and handling of these minerals may be impaired.

How to prepare:

Some tests may require fasting — ask the ordering provider

Bring a complete list of all current supplements and doses
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CoQ10 levels can be affected by recent supplementation — the

provider may ask to hold CoQ10 supplements briefly before testing

RBC magnesium requires a standard blood draw

MMA and homocysteine are standard blood draws; fasting is

preferred for homocysteine
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