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Zinc-Copper Imbalance - Part Two

For years it was assumed that high copper is a risk factor for heart attack, but yet, this is yet
another cause of mistaking correlation with causation. Inflammation has been shown to increase
blood copper levels, as we’ve discussed, and inflammation increases the risk of heart attack, so it’s
very likely that inflammation is causing both the increase in heart attack and the increase in serum
copper rather than excess copper intake causing an increased risk of heart disease.

Some dietary guidelines suggest that the safe upper limit for copper is 10 mg per day. However,
more recent research has shown that the safe upper limit may be five times higher than that, 50
mg per day for adults. Only a few studies have looked at the relationship between more accurate
markers of copper status and cardiovascular disease in humans. For example, leukocyte copper
status, which is a marker of copper in the tissue, is lower in people with cardiovascular disease, and
people who die of heart attacks generally have less copper in their hearts than people who die of
other causes. Now, this could also be an effect rather than a cause of heart attack, but given the
research that we’ve reviewed regarding copper’s connection with inflammation and copper’s role

as an acute-phase reactant, it’s at least plausible that these relationships are causal rather than just
an association.
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(A) Dosage combinations of different metal pairs to illustrate synergistic (Cd/Cu), additive (Cd/Ni) and
neutralizing (Cd/Zn) effects respectively. (B) Triple-metal lethality test for cadmium, copper and
mercury as well as cadmium, copper and chromium combinations.

Adapted from: http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.466.9494&rep=rep1&type=pdf

This isn’t to say that true zinc deficiency or copper excess doesn’t occur and that they don’t have
consequences. It’s well established that the toxic effects of certain metals can either be synergistic
or additive, depending on the metals. For example, one study showed that over 20 years of
occupational exposure to copper, copper lead, and copper iron was associated with a higher risk of
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Parkinson’s, but the odds ratio was significantly higher for the combos than it was for copper
alone. Another study showed that pro-oxidant copper ions affect glutathione in several ways,
which in turn potentiates the effects of mercury toxicity. Finally, copper has a strongly synergistic
toxic effect with other metals, especially cadmium. I've put a table, or a chart, rather, from one of
these studies on this slide to give you a visual example of this.

Key takeaways

A high Cu:Zn ratio High Cu:Zn ratio is Presence of high Serum copper
indicates inflammation, associated with serum Cu or low values are just a
HPA-D, estrogen numerous chronic, serum Zn does not starting point
dominance, pregnancy; inflammatory always warrant Zn
not necessarily excess diseases supplementation, and
copper or inadequate it may even be harmful
zinc intake

What do we make of all this data? There are several important takeaways. First, an elevated
copper-to-zinc ratio is often an indicator of inflammation, HPA axis dysfunction, estrogen
dominance, or pregnancy. Number two, high copper-to-zinc ratios are associated with numerous
chronic inflammatory diseases, including coronary heart disease, autism spectrum disorder,
Alzheimer’s disease, rheumatoid arthritis, shortened sleep duration, and several other conditions,
but most research suggests that the elevated serum copper and low serum zinc observed in these
conditions is an effect rather than a cause.

Number three, the presence of high serum copper or low serum zinc doesn’t always warrant zinc
supplementation, and, in fact, zinc supplementation for a long time may cause copper deficiency.
Some studies suggest that mercury and cadmium toxicity may make copper accumulation and zinc
deficiency more likely. Number four, serum copper values are just a starting point and should never
be used in isolation to make a diagnosis. If serum copper is elevated or decreased, we need to use
other markers such as ceruloplasmin, 24-hour urine copper, ALT, AST, and, less commonly, liver
biopsy to further clarify the diagnostic picture.
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Functional Zn:Cu range:
0.85-1.2

One last thing before we dive into lab results. This is a little confusing because, so far, we’ve been
talking about the copper-to-zinc ratio with copper as the enumerator, but | express the ratio as
zinc-to-copper on my blood chemistry panel with zinc as the enumerator. The zinc-to-copper ratio
in healthy humans is between 0.85 and maybe 1.2 depending on the study you look at, so we’re
talking about roughly equal amounts of zinc to copper. Studies have shown that a ratio of 0.5 or
lower is associated with significant morbidity and mortality.

I’'ve set the range at 0.85 to 1.2 for optimal levels. The lower end of that range is based on some of
the studies that | just mentioned. The upper end of the range is based more on concerns about
copper deficiency when zinc is significantly higher than copper. Anything below the 0.85 threshold
may suggest an inflammatory process, HPA axis dysfunction, estrogen dominance, or pregnancy,
and anything above the 1.2 threshold may suggest that the patient is taking zinc supplements. If
they are not taking zinc supplements, there are some genetic causes that can lead to zinc
elevation, and the patient may be suffering from copper deficiency.

Marker Lab Range Functional Range
Zinc 56-134 64-126
Copper 72-166 81-157

Here are the lab and functional ranges for copper and zinc. Again, | don’t think that looking at
these in isolation is nearly as useful as looking at the ratio between copper and zinc, but it is
helpful to have an idea when you look at them individually what the values should be. Now, in this
case, the functional ranges are simply the lab range shrunken by 20 percent. There is not a lot of
hard data for a functional range for zinc and copper, and, again, it’s important to look at the ratio
between the two for the full picture.
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Glucose 78 75-90 65 - 99
Hemoglobin A1c 56 44-54 48 -56
Uric Acid 45 32-55 25-71
BUN 12 13-18 6 - 20
Creatinine 0.74 0.7-1.0 0.57 - 1.00
BUN/Creatinine Ratio 16 9-23 8-20
Sodium 138 135 - 140 134 - 144
Potassium 38 40-45 35-52
Chloride 98 100 - 106 97 - 108
co2 21 25-30 18 - 29
Calcium 9.1 9.2-10.1 8.7 - 10.2
Phosphorus 45 30-40 25-45
‘Magnesium 19 20-26 16 - 26
Protein, total 76 69-74 6.0 -85
Albumin 43 40-50 35-55
Globulin 33 24-28 1656-45
AIG ratio 13 15-20 11-25
Bilirubin, total 03 01-12 00-12
LDH 196 140 - 180 119 - 226
AST 16 10-23 0-40
ALT 27 10-20 0-32
TiBC 436 275 - 425 250 - 450
Vitamin B-12 389 450 - 2000 211 - 946
Vitamin D, 25-hydroxy 329 35-60 30.0 - 100.0
Cholesterol, total 145 150 - 250 100 - 199
Triglycerides 127 50 - 100 0 - 149
HDL a7 55 - 85 > 39
LDL 73 0-175 0-99
T. Chol / HDL Ratio 31 <3 0-44
Triglycerides / HDL Ratio 270 <2 <38
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CRPhs 888 <10 000-300
Homocysteine 1.2 <7.0 0.0 - 150
TSH 2.660 05-25 0.45 - 4500
T4, total 7.0 8.0-12 45 -12.0
T3 Uptake 27 28-35 24 - 39
T3, Total 126 100 - 180 71 - 180
Copper 134 72 - 166
Zinc 79 56 - 134
Zinc / Copper Ratio 0.59 >0.85
Serum Methylmalonic Acid (MMA) 107 <300 0-378
WEBC 8.1 50-8.0 34 -108
RBC 5.1 44-49 3.77 - 5.28
Hemoglobin 1.2 135- 145 11.1 - 159
Hematocrit 372 37 - 44 34 - 466

Platelets 376 150 - 415 150 - 379
Neutrophils 46 40 - 60
Lymphocytes 38 25 - 40
Monocytes 9 40-70
Eosinophils 6 00-3.0
Basophils 1 00-3.0

All right, let’s talk about some cases now. The first patient is a 22-year-old female who had a
complete colectomy eight years ago and now has a J-pouch. We talked about her in the iron-
deficiency section. Her zinc-to-copper ratio was 0.59, which is well below the 0.85 threshold, but
note that both zinc and copper are well within the lab range for her. This is why it is so important to
look at the ratio and not just individual values. Her zinc is 79, and the range is 56 to 134, and her
copper is 134 in a range of 72 to 166, yet her zinc-to-copper ratio is 0.59, well below the threshold.
Also note that she has significant iron-deficiency anemia. It’s likely she is also copper deficient, and
given her absorption problems, deficiencies of iron, B12, vitamin D, and magnesium, it seems likely
that GI malabsorption of copper is happening here. It’s also likely that the elevation of copper that
we’re seeing relative to zinc is related to inflammation as well. She has ulcerative colitis and was in an
active flare when this test was taken, so if you look at her CRP, it’s almost 6. Her homocysteine is 11.2,
and her alkaline phosphatase is 141. Giving this patient zinc is likely not the best course of action,
unless copper is also given, and we’ll talk more about that in the treatment section later. In fact,
giving this patient more dietary copper may actually help her to recover from iron-deficiency anemia.
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Marker Value Functional Range
Glucose 97 75-90 65 - 99
Hemaoglobin A1c 5.1 44-54 48-586
Uric Acid 4.0 32-55 25-741
BUN 6 13-18 6-20
Creatinine 0.63 07-10 0.57 - 1.00
BUN/Creatinine Ratio 10 9-23 8-20
Sodium 137 135-140 134 - 144
Potassium 4.3 40-45 35-562
Chloride 103 100 - 106 97 - 108
coz 22 25-30 18 - 29
Calcium 9.8 9.2-10.1 8.7 - 10.2
Phosphorus 34 30-40 25-45
‘Magnesium 19 20-26 16 -26
Protein, total 7.1 69-74 6.0 -85
Alburmin 4.0 40-50 35-565
Globulin 31 24-28 165-45
A/G ratio 13 15-20 11-25
Bilirubin, total <0.2 01-12 00-12
Alkaline Phosphatase 53 42 -107 39 - 117
LDH 150 140 - 180 119 - 226
AST 21 10-23 0-40
ALT 26 10-20 0-32
GGT 13 5-21 0-60
TIBC 431 275 - 425 250 - 450
Iron 55 40-135 35 - 155
Ferritin 25 30 - 100 15 - 150
Vitamin B-12 517 450 — 2000 211 - 946
Vitamin D, 25-hydroxy 50.3 35-60 30.0 - 100.0
Cholesterol, total 185 150 - 250 100 - 199
Triglycerides 143 50 - 100 0-149
HDL 79 55 -85 > 39
LDL 77 0-175 0-99
T. Chol / HDL Ratio 23 <3 0-44
Triglycerides / HOL Ratio 1.81 <2 <38
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Functional Range

00 15.0

T4 Free .
—
Zinc

Zinc / Copper Ratio 0.40
Serum Methylmalonic Acic (MMA) 95
wBC 57
RBC 4.89
Hemoglobin 14.0
Hematocrit 408
MCV 83
MCH 28.6
MCHC 343
ROW 149
Platelets 379
Neutrophils M
Lymphocytes 46
Monocytes 1"
Eosinophils 1
Basophils 1

The next patient is a 20-year-old female with chief complaint of 4 x 1 cm thyroid nodule. She had
been in discussion with surgeons and an endocrinologist at Stanford and had had imaging over the
last six to nine months that showed stability in the nodule. Ultrasound and biopsy were pretty
convincing for a benign lesion. She also had some complaints of occasional digestive issues. Her
serum copper was elevated out of the lab range at 192. Zinc was low-normal at 76, in the range of
56 to 134, so this led to a zinc-to-copper ratio of 0.4, which is below even the 0.5 cutoff that
suggests significant morbidity and mortality. You’ll see with her TSH of O and her high T4 and T3,
she was hyperthyroid, which is consistent with a thyroid nodule, although her thyroid antibodies
were normal on this test. She was also iron deficient and had high fasting blood sugar, at least in
the functional range at 97. She had high CRP at 4.77, which again is consistent with this
inflammatory picture. Finally, she was on oral contraceptives. | hadn’t done a hormone profile for
her yet, but | suspect her estrogen would be high, and all of these things can increase copper and

decrease the zinc-to-copper ratio, as you know.
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Array 3 -~ Wheat/Gluten Proteome Reactivity & Autoimmunity

Wheat IgG

Wheat lgh

Wheat Germ Agglutinin IgG

Wheat Germ Agglutinin IgA

Native & Deamidated Gliadin 33 IgG
Native & Deamidated Gliadin 33 IgA
Alpha Gliadin 17-mer IgG

Alpha Gliadin 17-mer IgA

Gamma Gliadin 15-mer IgG
Gamma Gliadin 15-mer IgA

Omega Giacin 17-mer IgG

Omega Giacin 17-mer IgA

Giutenin 21-mer IgG

Giutenin 21-mer IgA

Giuteomorphin + Prodynorphin IgG
Gluteomorphin + Prodynorphin IgA
Gliadin-Transglutaminase Complax IgG
Gliadin-Transglutaminase Complax IgA
Transglutaminase-2 IgG
Transglutaminase-2 IgA
Transglutamnase-3 IgG
Transglutamnase-3 IgA
Transglutaminase-6 IgG
Transglutaminase-6 IgA

064
081
0.74
067
055

7
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Comprehensive Stool Analysis | Parasitology x3

BACTERIOLOGY CULTURE

Expected/Beneficlal flora Commensal (Imbalanced) flora Dysblotic flora
4+ Bacteroides fragiks group 1+ Gamma hemelytc strep

4+ Bifidobacterum spp. 2+ Kiabsiella oxyloca

4+ Escharichia coll 1+ Staphylococcus aureus

2+ Lacicbacilus spp.
1+ Enterococcus spp.

1+ Clostridium spp.
NG = No Growth

BACTERIA INFORMATION

E d [Benef Moupnﬂgnnmpmmoimomlmlmﬂmnnhwlnylmmalm These beneficial bactera have many

heslth-protecting sffects in the Gl Fact induding ] g fibers, & g P and carbolydrales, and propegeting anti-

tumor and anti-imfammatory factors.

cmmnpmummmammmmm Clastridium spp. -nouubooonm in fie contant of balance with ather expeciadbenaficial flora
of or over atx relative %0 cther expe fiora if C. difficie asscciated disease is
a C Clostridum culume of 10xg: C. aicle DNA test is recommended

Commmnl(Inﬂhmd)hmﬂunnuulummmmhmrwﬂclncl imbalances can ccowr when there am insufficient

levels of i and i d bervels of ia. Certsin a5 dysbiotic at higher levels,

Mwemmmumwbmwmtmmmwummuumnmauxl Thoyeanhupmnntﬁuﬂoa

number of factors water of 100d, exposLre 1o chemicals that are o 1 use of

ora corrace o cther medicstons rﬁb«mand h stress lewels,

YEAST CULTURE

Normal flora Dysbiotic flora
1+ Candida glabrata

MICROSCOPIC YEAST

YEAST INFORMATION

Result: Expected: Youst nomally can be found in small quantities in the skin, mouth, inlesting & mucoculanecus
Junctions. vawhdymlwnnﬂeuvmaymowum lsading 10 an exiensve array
- None - Rare of chnical Fungal E with broad-spectrum antiblotics or

allerations of the patent's immune stabus. Symptams may include abdomingl pain, cramping and
mmaooeooclnangolyeaummsmh mMmWhmrmlw"gﬂuwmofMdmrtymwmmbetmand

hepful  in  identifying whether there s MICIOSCopic axamination, Yeast are not ¢ hout the stool this may lead to
prolferation of yeast Rare yeast may be umbammdmmmbymmmaalmmmdnm

nommal,  however, yesst observed i higher may reveal a significant amourt of yeast present, but no yeast
amounts (few, moderate, or many) s abnormal. cumred Ymmmiamwmwvmﬂ gh the inlestines rendering X unve h

She was still eating gluten, so | did a Cyrex Array 3 and found reactivity to several epitopes of
gliadin and also gliadin transglutaminase complex, gluteomorphin, prodynorphin, glutenin, and
wheat germ and glutenin, so this is suggestive of autoimmunity. Stool tests showed significant
fungal overgrowth, so she has several indicators of inflammation, and that is the most likely
explanation for her high copper and low zinc rather than dietary intake.
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Marker Value Functional Range _
Glucose 93 75-90 60 - 150
BUN 16 13-18 7-27
Creatinine 0.67 085-1.1 0-111
BUN(Creatinine Rate 24 ~ 8-19  9-23
Sodium 136 135 - 140 133 - 145
Potassium 4.0 40-45 35-53
Chloride 102 100 - 106 100 - 111
C02 27 25-30 24 - 33
Magnesiom 19  20-26 = 2-286
Vitamin B-12 398 450 - 2000 >199
Vitamin D, 25-hydroxy 36 35-60 20.0 - 79.0
Cholesterol, total 197 150 - 240 0 - 239
Triglycerides 99 50 -100 0 - 499
HDL 59 55 - 85 > 49
LDL 118 0-175 0 - 159
T. Chol / HDL Ratio 33 <3 0-44
Triglycerides / HOL Ratio 1.68 <2 <38
CRP-hs <0.1 <10 0.00 - 0.50
Homocysteine 9.7 <70 0.0 - 120
TSH 1.250 05-25 0.10 - 5.50
Copper 86 70 - 175

- . 60-130

Zinc | Copper Ratio 0.64 >0.85
WBC 46 50-80 356 -125
RBC 4.29 44-49 36 -57
Hemoglobin 129 14-15 15-15
Hematocrit 39.7 40-48 34 - 46.0
MCV 92 85 -92 80 - 100
Platelets 282 150 - 415 140 - 400
Neutrophils 69 40 - 60
Lymphocytes 23 25-40
Monocytes 6 40-70
Eosinophils 2 00-30
Basophils 0 0.0-30

The next patient is a 36-year-old female with chief complaint of declining overall health through
the past 20 years. It started with migraines when she was in high school. She had a significant
history of joint inflammation and pain. Took a lot of NSAIDs, especially in college because she was
active and needed to address the pain and inflammation and didn’t know how else to do it. She
had significant bloating and Gl problems. In her case, zinc was below the lab range at 55, and the
lab’s range was 60 to 130. Her copper was also on the low end, but the zinc-to-copper ratio was
still low at 0.64. It’s important to realize, again, that this can happen even when copper is relatively
low, so her copper was kind of at the bottom of the range, but her zinc was lower relative to
copper, which resulted in a low copper-to-zinc ratio. It’s a similar phenomenon to estrogen
dominance even when progesterone and estrogen are both low. Her magnesium and B12 are on
the low end, and this suggested that there could be a problem with nutrient absorption.
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Wtal Estrogen Rstosterone
15um of 8 Fstrogen Metabolies) (Serum Equhalent. ngimi)

See Pages 2 & 3 for 2 tharough breakdown of sex homone metaboltes

Fatient Reported Hormone Tharapies: ROA 1=oral 2 3 cream,
4 pelL s L I Tmpatch, B=petel. 10 h
All units are given in ng/mg creatinne
Patient reports irregular menstrual cydes
Last Merstrual Period - 2015-08-10
Fuu-;-,muu—u
D0 you take DIMA-3-C Ust Ay 0ar sslevard drugs, supolements o ofers: Progesterone Serum Equivalent & a caloulated value
seguiary? [ ves . N based on urine pregnanediol. This value may not
SNWAIV\P“‘*" Mmaamm-mwmstm
mout!
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Comprehensive Stool Analysis | Parasitology x3

DIGESTION /ABSORPTION

Within Outside Reference Range Elastase findings can be used for the diagnosis
or the exclusion of exooring pancreatic
insufficiency. Correlations between low levels

Elastase I > 500 I I ] >200 ugimL and chronic pancraatitis and cancer have been
reported. Fat Stain: Microscopic determination
. of fecal fat using Sudan IV staining is a

Fat Stain I None | I I None - Mod qualitative procedure utiized to assess fat
absorption and lo detect steatorrhea. Muscle
fibers in the stool are an indicator of incomplete

Muscle fibers I None | I I None - Rare aigestion.  Bloating, flatulence, feelings of
“fullness” may be associated with increase in

" muscle fivers. Vegetable fibers in the stool may
Vegetable fibers [ Few | | | None - Few be indicative of inadequate chewing, or eating

“on the run”. Carbohydrates: The presence of
Carbohydrates I Neg I I INeg reducing substances in stool specimens can

indicate carbohydrate malabsorption.

INFLANMATION

Within Outside Reference Range Lactoferrin and Calprotectin are reliable
markers for differentiating organic inflammation
(IBD) from function symptoms (IBS) and for
Lactoferrin I | I 443 ] <73 pug/mL management of IBD. Monitoring levels of fecal
lactoferrin and calprotectin can play an essential
role in determining the effectiveness of therapy,
Calprotactin® I | I 514 I <=50 gig are good predictors of IBD remission, and can
indcate a low risk of relapse. Lysozyme* & an
enzyme secreted at the site of inflammation in
Lysozyme* | 412 | I ] <=600 ng/mL the Gl tract and elevated levels have been
identified In 1BD patients. White Blood Cells
i (WBC) and Mucus in the stool can occur with
White Biood Cels | None | | | None - Rare bacterial and parasitic infections, with mucosal
irritation, and inflammatory bowel diseases such
as Crohn's disease or ulcerative colitis.

Mucus I Neg I I ]Neg

IMMUNOLOGY

Secretory IgA* (sigA) is secreted by mucosal
Within Outside Reference Range lissue and represents the first line of defense of
the Gl mucosa and is central 1o the normal
function of the Gl tract as an immune barrier.
Elevated levels of sigA have been associated
with an upregulated immune response.

Secretory IgA* | | | 881 |51-208mgieL

However, there were several other issues that could be causing depressed zinc and elevated copper
relative to zinc, including HPA axis dysfunction with high free and metabolized cortisol and high
DHEA and estrogen dominance, with high total estrogens here and low progesterone. She also had
significant gut inflammation, which was suggestive of inflammatory bowel disease. We did follow-up
serology for IBD, which was negative, but referred her out for an MRE or colonoscopy.
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* VCSTest.com VCS Test Results
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Your Score Healthy Your Score Healthy
A B ¢ 0 A B ¢ DO
1.5 (3) 6) (12) (18) 15 @) (8) (12) (18)
Cycles Per Degree (CPD) Cycles Per Degree (CPD)
Total Score: 31/45 (69%) Total Score: 27/45 (60%)
Biotoxin Score: 16/18 (89%) Biotoxin Score: 11/18 (61%)

Her visual contrast sensitivity result strongly suggested the possibility of biotoxin illness or chronic
inflammatory response syndrome. Follow-up biomarker testing is in progress now, but CIRS is, of
course, defined by inflammation. It’s an inflammatory condition by definition. So, once again, is the
low zinc and low zinc-to-copper ratio that we’re seeing in this patient due to inadequate dietary
intake, malabsorption, inflammation, or some combination of all of the above? She has HPA axis
dysfunction and estrogen dominance as well, both of which can cause a low zinc-to-copper ratio.
She has significant gut inflammation, which could certainly contribute and also decrease the
absorption of both zinc and copper, which could explain her low levels of both, and she may have
CIRS. So, in this case, | think it’s probably all of the above: HPA axis dysfunction, estrogen,
inflammation causing elevation of copper relative to zinc, and maybe malabsorption of both zinc
and copper, which is leading to low, relatively low levels of zinc and low-normal levels of copper.
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