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Category Test Result Units Normal Range
Nutritional Organic Acids

Vitamin B12 Marker (may be deficient if high) - (Urine)
 Methylmalonate (MMA) Within range 0.7 ug/mg 0 - 2.5
Vitamin B6 Markers (may be deficient if high) - (Urine)
 Xanthurenate Within range 0.66 ug/mg 0.12 - 1.2
 Kynurenate Within range 2.4 ug/mg 0.8 - 4.5
Biotin Marker (may be deficient if high) - (Urine)
 b-Hydroxyisovalerate Within range 1.5 ug/mg 0 - 12.5
Glutathione Marker (may be deficient if low or high) - (Urine)
 Pyroglutamate Below range 25.3 ug/mg 28 - 58
Gut Marker (potential gut putrefaction or dysbiosis if high) - (Urine)
 Indican Within range 2.0 ug/mg 0 - 100

Neuro-related Markers
Dopamine Metabolite - (Urine)
 Homovanillate (HVA) Low end of range 3.3 ug/mg 3 - 11
Norepinephrine/Epinephrine Metabolite - (Urine)
 Vanilmandelate (VMA) Low end of range 2.2 ug/mg 2.2 - 5.5
Neuroinflammation Marker - (Urine)
 Quinolinate Within range 5.0 ug/mg 0 - 9.6

Additional Markers
Melatonin (*measured as 6-OH-Melatonin-Sulfate) - (Urine)
 Melatonin* (Waking) Low end of range 13.9 ng/mg 10 - 85
Oxidative Stress / DNA Damage, measured as 8-Hydroxy-2-deoxyguanosine (8-OHdG) - (Urine)
 8-OHdG (Waking) Within range 1.6 ng/mg 0 - 5.2
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Clinical Support Overview
Nutritional Organic Acids

Organic acids are the metabolic byproducts of cellular activity in the body. Organic acid production varies by the
individual and can be influenced by foods, environmental toxins, medications or supplements, nutrient status,
genetics and more. Organic acids begin to build up when a nutrient cofactor or mineral is not present for a
specific reaction to occur. As a response, byproducts (organic acids) build up and can be measured in urine. 
On the DUTCH test, the organic acids we measure were chosen due to their specific roles in the metabolism and
function of enzymes required for hormone and adrenal health and function. As industry standard dictates, the
organic acids are measured from the waking sample. 

Methylmalonate (MMA)
Methylmalonic acid is a metabolic byproduct of the Citric Acid Cycle (Krebs cycle). Methylmalonic acid requires
adenosylcobalamin for conversion to succinyl-CoA and onto ATP synthesis. If someone does not absorb enough
B12 from their diet due to low B12-rich food consumption, low stomach acid, has an autoimmune disorder
impacting Intrinsic Factor in the gut (required for B12 absorption), or has an MUT enzyme SNP (required for
conversion of MMA to Succinyl coA, dependent on adenosylcobalamin) then MMA will build up. Vitamin B12 is
required for COMT activity (estrogen methylation, dopamine breakdown) and PNMT activity (the enzyme that
takes norepinephrine to epinephrine), but is also critical for memory, energy production (ATP synthesis), gait and
more. When MMA is high, consider supporting B12 through foods, digestive support or supplementation.

Xanthurenate & Kynurenate
Xanthurenate and kynurenate are metabolic byproducts in the production of tryptophan to NAD in the liver. If
either xanthurenate or kynurenate build up in the urine, it can indicate a need for vitamin B6. This need is
amplified if BOTH markers are elevated, and often indicates a more severe deficiency of vitamin B6. Vitamin B6
is critical as a co-factor to over 100 important reactions that occur in the human body and is stored in the
highest concentration in muscle tissue. 
Tryptophan is converted to NAD by the liver and one of the steps in this pathway requires B6. When B6 is
insufficient, xanthurenate is made instead. Xanthurenate can also bind to iron and create a complex that
increases DNA oxidative damage resulting in higher 8-OHdG levels. If both the xanthurenate and 8OhdG levels
are elevated, there is likely an antioxidant insufficiency. 
Kynurenate may also become elevated when patients are B6 deficient because of a different, possibly less B6
dependent pathway. While there is always some tryptophan going down the kynurenine pathway towards NAD,
and possibly xanthurenate, this process is up regulated by inflammation, estrogen and cortisol elevations. If
levels of estrogen or cortisol are high, it may exacerbate kynurenic acid and increase the need for vitamin B6. 
As the Xanthurenate and Kynurenate pathways lead to biomarkers with other influence in the body, elevations in
these markers may not always agree.

b-Hydroxyisovalerate
b-Hydroxyisovalerate is made when the body is deficient in biotin. This marker has an inverse relationship with
biotin, therefore elevated levels represent deficiencies in biotin. Biotin is an important cofactor in mitochondrial
function, metabolism of fatty acids, glucose, and protein, as well as ROS production. Biotin deficiency has similar
symptoms as other B-vitamin deficiencies but is most often associated with hair loss. Factors that influence
biotin levels include inadequate dietary intake, long-term and high-dose B5 supplementation, dysbiosis/gut
health, antibiotic use, medications, and biotinidase deficiency.

Pyroglutamate
Pyroglutamate is an intermediate in glutathione recycling and production. Glutathione requires the amino acids
cysteine, glycine and glutamate for production. If the body cannot convert pyroglutamate forward to glutathione,
it will show up elevated in the urine. High pyroglutamate is an established marker for glutathione deficiency.
Remember that glutathione is one of the most potent antioxidants in the human body and is especially
important in getting rid of toxins including the reactive quinone species formed by 4-OH-E1 and 4-OH-E2. This
reactive species can damage DNA if not detoxified by either methylation or glutathione. 
Some have reported that low pyroglutamate may also be indicative of a need for glutathione; however, this is
not established in the scientific literature. 
Note: Pyroglutamate in the urine can also be elevated with Italian cheese consumption. Italian Cheeses
(parmesan, etc.) may transiently increase pyroglutamate because they use a thermophilic lactobacilli to
ripen the cheese- which our gut breaks down into pyroglutamate. This is not clinically significant and only
reflects that they ate this style of cheese (if applicable).
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Indican
Indican is a byproduct of tryptophan putrefaction by microbes in the gut. Accumulated levels of indican in the
urine suggest higher levels of tryptophan putrefaction from gastrointestinal dysbiosis or malabsorption.
Production of indican occurs when tryptophan creates indoles in the colon. No other endogenous indoles are
metabolized in this way, so when we see indican in the urine, it is directly related to gut production and a direct
reflection of gut health. When there is concern of dysbiosis, there may be poor metabolism of sex hormones
(including estrogen) along with chronic low-grade inflammation that can impact cortisol production and
metabolism. This test is not diagnostic but generally warrants further testing to rule out gut dysbiosis.

Vegetarian and vegan style eating may influence results as these diets have less protein generally, therefore
elevated levels are likely stronger suggestions of gut dysbiosis. The amount of indican present does not
correlate to the degree of dysbiosis but merely shows that dysbiosis is present. Common causes of high indican
include malabsorption of protein as a result of low stomach acid, poor pancreatic function, Celiac disease, the
overgrowth of anerobic bacteria in the colon, small intestinal bacterial overgrowth (SIBO), medications that
reduce protein absorption (like proton pump inhibitors or other antacids or H2 blockers), and constipation.

Neuro-related Organic Acids
Neurotransmitters are chemical signals produced by neurons in tissues throughout the body that act as
chemical messengers that influence mood, cortisol, heart rate, appetite, muscle contraction, sleep and more.
Measuring neurotransmitters directly is difficult because of their instability, and their direct urinary
measurements are controversial with respect to how well they reflect the body’s level of these neuro-hormones. 

Each of the neurotransmitters assessed on the DUTCH test (dopamine, norepinephrine/epinephrine) can be
assessed indirectly by measuring their urine metabolites (HVA and VMA respectively). While these metabolites
are not a perfect reflection of what is going on in the brain, the scientific literature does affirm their use for a
good representation of overall levels of these neurotransmitters in the body.

Homovanillate (HVA)
Homovanillate (HVA) is the primary metabolite of dopamine, a brain and adrenal neurotransmitter that comes
from tyrosine (with BH4 and iron as co-factors). Dopamine goes on to create norepinephrine and epinephrine
(adrenaline). 

Low levels of dopamine are associated with depression, addictions, cravings, apathy, pleasure seeking
behaviors, increased sleepiness, impulsivity, tremors, low motivation fatigue and low mood. 
High levels of dopamine are associated with agitation, insomnia, mania, hyperactivity, hyper-focus, high stress,
anxiety and addictions/cravings/pleasure seeking (to maintain high levels). 
High HVA can be caused by the use of the following supplements, foods or medications within 72 hours of
collecting urine samples: tyrosine, phenylalanine, mucuna, quercetin, bananas, avocados as well as parkinson's
medications. If these are being used, the HVA on the DUTCH test may not accurately reflect circulating
dopamine levels and should be disregarded.

Vanilmandelate (VMA)
Vanilmandelate (VMA) is the primary metabolite of norepinephrine and epinephrine (adrenaline). The adrenal
gland makes cortisol and DHEA (from the adrenal cortex) as well as norepinephrine and epinephrine (from the
adrenal medulla). When adrenal hormone output is low, VMA levels may be low. If HVA levels are significantly
higher than VMA, there may be a conversion problem from dopamine to norepinephrine. This case can be
caused by a copper or vitamin C deficiency. 
The enzymes COMT (methylation of catechols) and MAO are needed to make HVA and VMA from dopamine and
norepinephrine respectively. If these enzymes are not working properly, HVA and/or VMA may be low in urine,
when circulating levels of dopamine and/or norepinephrine/epinephrine may not be low. 

Low levels of norepinephrine/epinephrine are associated with addictions, cravings, fatigue, low blood pressure,
low muscle tone, intolerance to exercise, depression, and loss of alertness. 

High levels of norepinephrine and epinephrine are associated with feelings of stress, aggression, violence,
impatience, anxiety, panic, excess worry/hypervigilance, insomnia, paranoia, increasing tingling/burning, loss of
memory, pain sensitivity, high blood pressure and heart palpitations. 

Quinolinate (QA)
Quinolinate is a neurotoxin derived from tryptophan. Elevated quinolinate is seen in brain and nerve tissue
damage, especially in disorders such as Alzheimer’s disease, Parkinson’s disease, Huntington’s disease, motor

Precision Analytical (Dawn Huo, Ph.D., Lab Director) Sample Report Page 3 of 4
3138 Rivergate Street #301C FINAL REPORT CLIA Lic. #38D2047310
McMinnville, OR 97128 06/20/2022 DutchTest.com



neuron diseases, multiple sclerosis, epilepsy, amyotrophic lateral sclerosis, and major depressive disorder. We
can also see elevated quinolinate due to low serotonin and need for vitamin B3 (niacin). The causes of elevated
quinolinate include neuroinflammation, general inflammation, infection, phthalate exposure, and/or oral
tryptophan use.

Melatonin (measured as 6-OHMS)
Melatonin is considered one of our sleep hormones. It is made predominately by the pineal gland in response to
darkness and is stimulated by melanocyte stimulating hormone (MSH). A low MSH is associated with insomnia
and an increased perception of pain. Mold exposure can inhibit MSH as well. The majority of our melatonin
production comes from the pineal gland, but melatonin is also made in the gut, and to a lesser extent in the
bone marrow, lymphocytes, epithelial cells and mast cells. 

The DUTCH test uses the waking (A) sample to test melatonin. The urine sample given on waking reflects
overnight hormone production and metabolism. This sample can be used to assess melatonin throughout
the night. When patients take a middle of the night urine sample, a large amount of data strongly
suggests that the waking sample alone still correlates best to overnight melatonin production, so the
waking sample is still used for the DUTCH melatonin result.

8-OHdG (8-Hydroxy-2-deoxyguanosine)
8-OHdG (8-Hydroxy-2-deoxyguanosine) is a marker for estimating DNA damage due to oxidative stress (from
ROS creation). 8-OHdG is considered pro-mutagenic and is a biomarker for various cancer and degenerative
disease initiation and promotion states. It can be increased by chronic inflammation, increased cell turnover,
chronic stress, hypertension, hyperglycemia/pre-diabetes/diabetes, kidney disease, IBD, chronic skin conditions
(psoriasis/eczema), depression, atherosclerosis, chronic liver disease, Parkinson's (increasing levels with
worsening stages), Diabetic neuropathy, COPD, bladder cancer, or insomnia (to name a few). Studies have
shown higher levels in patients with breast and prostate cancers. When levels are elevated it may be prudent to
eliminate or reduce any causes and increase the consumption of antioxidant containing foods and/or
supplements.
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