
  

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. 

  

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. 

  

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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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 I 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 I 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. 

  

Here are the lab and functional ranges for copper and zinc. Again, I 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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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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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 0 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. I hadn’t done a hormone profile for 
her yet, but I 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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She was still eating gluten, so I 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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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 GI 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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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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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, I 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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