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ALZHEIMER’S DISEASE IS, AT LEAST IN PART,  
A COPPER-2 TOXICITY DISEASE

G.J. Brewer

Introduction 

Considerable evidence has been developed that 
copper toxicity plays an important role in Alzheimer’s 
disease (AD). But the puzzle has been that the brain 
toxicity of copper in AD causes cognition loss, while 
the brain toxicity of copper in Wilson’s disease (WD), a 
disease known to be caused by copper toxicity, causes 
a movement disorder. This is puzzle 1. Secondly, 
considerable evidence has developed that inorganic 
copper, the divalent copper found in drinking water and 
supplement pills, is especially damaging to cognition and 
causative of AD in AD animal models, compared to the 
organic copper in foods. Why? This is puzzle 2.

Recently a paper was published which brings 
clarification and solutions to both puzzles 1 and 2 (1). 
Most exciting, it indicates much of the epidemic of AD 
can be aborted by simply stopping the ingestion of 
inorganic copper (divalent copper, or copper-2). This 
paper, which studied the speciation of copper in food, 
found that food copper was almost entirely monovalent 

copper, or copper-1. This finding was very surprising, 
because it had always been assumed food copper was a 
mixture of copper-1 and copper-2, since the two valence 
forms make a redox doublet that allow the catalysis of 
many redox reactions critical to life. Apparently, after 
death or harvest, in the absence of oxygen transport, 
copper-2 is reduced to copper-1 in foods. This finding 
changes everything. It means that mammals, including 
the human, evolved ingesting only copper-1. In line with 
this, the body has a transport system for copper-1, first 
passing it through the liver to keep it in safe channels. 
No such system exists for copper-2, and some bypasses 
the liver, appearing immediately in the blood, where it 
is toxic to cognition. So this solves puzzle 2. Inorganic 
copper, which is copper-2, is especially toxic because it 
bypasses the liver. It also solves puzzle1. The diseases, 
AD and WD, show different forms of copper toxicity- 
because AD is a copper-2 toxicity disease and WD is a 
general copper overload disease with copper-2 playing 
no special role. In this review we will elaborate on these 
new and exciting features.
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Abstract: Developed countries have a raging epidemic of Alzheimers disease, with prevalence around 20% by age 70. Good 
evidence indicates this epidemic is new, with an Alzheimer’s-like dementia being rare prior to 1900. Prevalence of Alzheimer’s in 
undeveloped countries is still quite low, around 1%. These sets of facts strongly indicate that environmental change is causing the 
epidemic in developed countries. It is hypothesized here, with very good evidence, that the new environment change in developed 
countries is ingestion of inorganic copper, copper-2, from drinking water and supplement pills. There is good evidence that copper 
toxicity plays a major role in the pathogenesis of Alzheimer’s, with the size of the free copper pool intimately tied to cognition 
and cognition loss. Studies in AD animal models show that tiny amounts of inorganic copper in drinking water greatly enhance 
Alzheimers-type pathology and memory loss. Studies in humans show that those ingesting supplement pills containing copper, 
if they also eat a high fat diet, suffer rapid loss of cognition. Drinking water copper, and pill copper are both divalent copper, or 
copper-2. A recent study shows that food copper is primarily copper-1. There is an intestinal transport system specific for copper-1, 
and this copper goes to the liver, and is put into safe channels. Because mammals, including humans, ingested only copper-1, their 
systems evolved to safely handle copper-1. With development came copper plumbing and supplement pill ingestion, and copper-2 
is now ingested. Some of it bypasses the liver, ends up in the blood free copper pool, and is toxic to cognition.
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Copper Toxicity in Alzheimer’s Disease

In this section the evidence for copper toxicity in AD 
will be reviewed without reference to the valence of 
copper. The group in Italy led by Professor Rosanna 
Squitti has amassed a large amount of data showing 
copper toxicity is intimately involved with AD 
pathogenesis. They have focused on what is called the 
“blood free copper pool”. Blood copper can be thought 
of as existing in two pools. The larger, comprising about 
85%, is copper covalently bound to the ceruloplasmin 
(Cp) molecule. The smaller pool, comprises copper more 
loosely bound to albumin and various small molecules, 
and is called the free copper pool. Because of its more 
loose binding it is available to meet tissue needs in the 
body. If this pool becomes expanded, as it does greatly in 
WD, this copper becomes toxic.

The Squitti group has shown in AD patients: 1) The 
free copper pool is larger than in age-matched controls 
(2); 2) The size of the free copper pool correlates 
negatively with  measures of cognition (3); 3) The size 
of the free copper pool correlates positively with the 
rate of cognition loss over time (4), and; 4) The size of 
the free copper pool correlates positively with the risk 
of conversion of patients from mild cognitive impaired 
status, the precursor state to AD, to full AD (5). These 
studies tie copper toxicity closely to the pathogenesis of 
loss of cognition in AD. 

Additionally a paper by James et al (6) shows copper 
toxicity directly in the AD brain. They find what they call 
”labile” copper is increased in the AD brain, and causing 
toxicity.

A study from China is also relevant. Shen et al (7) have 
studied the correlation of AD prevalence to soil copper 
concentration across the provinces of China. They find 
the two positively correlated.

Cognitive and Alzheimer’s Disease-Related 
Toxic Effects of Inorganic Copper (Copper-2)

In 2003 Sparks and Schreurs (8) published a ground-
breaking paper which showed that trace amounts (0.12 
ppm) of copper added to the drinking water of rabbits in 
a rabbit model of AD greatly enhanced amyloid plaque 
formation (one of the pathologic hallmarks in the AD 
brain) and memory loss. A 25 fold greater increase in 
food copper of the animals would have no toxic effect. 
This study has been amply confirmed in other AD animal 
models (9) and in another laboratory (10). For reference, 
the US Environmental Protection Agency (EPA) allows 
up to 1.3 ppm copper in human drinking water, ten times 
the amount found toxic in AD animal models (11). In the 
discussion of the relevance of AD causation in humans 
by consumption of copper-2 from drinking water, the 
important work of Sparks and Schreurs (8) will be further 
discussed.

In 2006 another groundbreaking paper was published, 
this one by Morris et al (12). They studied nutrient intake 
and cognition over several years in a large Chicago 
population. They found that those in the highest quintile 
of copper intake, who were there because they ingested 
daily supplement pills containing copper, if they also 
at a high fat diet, lost cognition at six times the rate 
of other groups. This is extraordinary! Ingesting a pill 
containing copper rapidly damages cognition, and many 
Americans, and others in developed countries, take these 
multimineral pills every day. This, too, will be further 
discussed in more detail.

Gastrointestinal Absorption of Copper-2 
Versus Copper-1

What the 2003 studies of Sparks and Schreurs (8) and 
the 2006 studies of Morris et al (12) had in common was 
that they both showed cognitive damage from ingestion 
of inorganic copper, which is, of course, copper-2. A 
good clue as to why inorganic copper might behave 
differently than organic copper (food copper, or 
copper-1) was provided in earlier copper-64 studies in 
WD (13). Radiolabeled copper-64, as an inorganic salt, 
was given orally to WD patients to see if zinc therapy 
was effectively blocking copper absorption. At baseline, 
before zinc administration, 15-25% of the radiolabel 
would appear in the blood 1-2 hours after being given 
orally, much too soon for passage through the liver. In 
contrast, if food copper was labeled with a longer lived 
radiolabel, the label wouldn’t appear in the blood for 
1-2 days, and then it would appear covalently bound 
in proteins secreted into the blood by the liver. What 
these studies show is that organic (food) copper is first 
transported to the liver, where it is put into safe channels, 
while a portion of inorganic copper bypasses the liver 
and appears immediately in the blood, adding to the free 
copper pool, where it is damaging to cognition.

Of course, inorganic copper is copper-2. And, as 
mentioned earlier, it has always been assumed that 
organic (food) copper is a mixture of copper-1 and 
copper-2, since in living tissue they form a redox doublet, 
catalyzing reactions critical to life. As mentioned in the 
Introduction, the surprising findings of Ceko et al (1) 
changes this assumption dramatically, and explains why 
radiolabeled inorganic copper and radiolabeled organic 
copper are absorbed so differently, as discussed above. 
Organic (food) copper is all copper-1, while inorganic 
copper is copper-2. This means that as mammals evolved 
they were ingesting copper-1, and weren’t exposed to 
much copper-2. So a system evolved to safely handle 
copper-1, involving a specific carrier (Ctr1) (14) in the 
intestine, which results in routing the copper to the liver 
for safe handling. Exposure to copper-2 was undoubtedly 
quite limited until humans in developed countries 
started using copper plumbing and taking multimineral 
pills containing copper. As a consequence, there is no 
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special system for safe handling of copper-2. Ctr1 can’t 
absorb copper-2. Some copper-2 can be absorbed by the 
nonspecific divalent cation transporter, and some can be 
absorbed by diffusion. Some of this absorbed copper-2 
bypasses the liver and goes immediately into the blood, 
as shown in the copper-64 studies mentioned earlier (13), 
and is toxic to cognition.

The Epidemiology of Alzheimer’s Disease 
Versus the Epidemiology of Copper-2 
Ingestion in Drinking Water and Pills

Although not everyone agrees, there is good evidence 
that the epidemic of AD in developed countries has 
only emerged over the last 100 years, and it doesn’t 
involve undeveloped countries. That there is currently 
an epidemic in developed countries is clear. For example, 
10% of those age 60 and over, 20% of those 70 and over, 
and 30% of those 80 and over develop AD in the U.S (15). 
These high prevalences of AD don’t exist in undeveloped 
countries. For example, in rural India, in those age 65 and 
over, AD prevalence is 1.07% (16). As another example, 
in Nigeria, Africa, in those aged 65 to 74, AD prevalence 
is 0.52% (17). Interestingly, in the latter study, the 
prevalence of AD in African-Americans of the same age 
group in Indianapolis, Indiana, USA, was 8.02%, 15 fold 
higher. This great increase in AD prevalence in people 
of the same ethnic group in the US compared to Nigeria 
shows the strong effect of Westernization on increasing 
the prevalence.

The evidence that this epidemic, restricted to 
developed countries, has come on in the last 100 years, 
is based on the writings of various type of expert 
physicians in the late 1800 and early 1900s, who didn’t 
see an AD-like dementia. For example, Osler, an 
internist, gathered all medical knowledge into a series 
of volumes, including one volume devoted to the brain, 
published in the late 1800s, and an AD-like dementia 
was not mentioned (18). Gowers, a neurologist, wrote a 
textbook of neurology in this period, and didn’t mention 
an AD-like dementia (19). Freud, a psychiatrist, published 
extensively during this period, and didn’t describe an 
AD-like dementia (20). Finally, Boyd, a pathologist wrote 
a textbook of pathology during this period, updated 
until 1938, and didn’t describe the amyloid plaques and 
neurofibrillary tangles, hallmarks of AD brain pathology, 
in the brains at autopsy (21). 

Some have argued that there weren’t enough elderly 
people back then to show AD, since AD is a disease of 
aging. But Waldmann and Lamb (22) showed that half 
the French population lived to age 60 in 1911, and the US 
population census in 1900 shows 3.6 million people age 
60 or over, which would generate 360,000 cases at today’s 
rate; more than enough to be seen in the clinics, and to 
show up at autopsy.

Others argue that people just accepted AD as a type 

of aging, and didn’t recognize it as a special disease. 
This conceivably could explain the clinicians, Osler (18), 
Gowers (19), and Freud (20), not noting it, but it wouldn’t 
explain Boyd (21) and other pathologists not seeing 
plaques and tangles at autopsy. 

Some have said that perhaps the staining and other 
pathology techniques 100 years ago were inadequate to 
detect plaques and tangles. If brain autopsy material were 
available from, say, 1875 to 1925, it would be valuable to 
restudy them with modern techniques. It would be good 
to settle this definitively, because if the disease was truly 
rare back then, it strengthens the argument that a new 
environmental agent, or agents, in developed countries, 
is responsible for the epidemic of AD in developed 
countries. 

Here it will be assumed that the data supporting the 
idea that the epidemic of AD in developed countries 
is new (over the last 100 years) is strong, and that new 
environmental causative agent or agents should be 
rigorously searched for. Given the foregoing section 
on the toxicity of inorganic copper ingestion on human 
cognition and in AD animal models, it is reasonable 
to examine the hypothesis that ingestion of inorganic 
copper is the new key environmental factor causing the 
epidemic. 

With this in mind, the “epidemiology” of the spread 
of copper plumbing in developed countries needs to 
be examined along side the epidemiology of the AD 
epidemic. Copper plumbing began to be used in the 
early 1900s, was curtailed by the two world wars, and 
then exploded after 1950, such that now, 80-90 % of US 
homes have copper plumbing (23). The timing of the AD 
epidemic is quite similar, with a few cases appearing in 
the early 1900s, and then exploding after 1950 (22).

At this point it is fair to ask – does enough copper 
leach from copper plumbing to be potentially toxic? In 
a study of drinking water from 280 homes all across N. 
America, it was found that about one third were over 0.1 
ppm, the level toxic in animal models, about one third 
were below 0.01 ppm, a level deemed safe, and about 
one third were between 0.1 and 0.01 ppm, a level of 
unknown safety (24). Thus, in summary, one third to two 
thirds of N American drinking water samples were at the 
toxic level, or of unknown safety, if the animal models 
are a good guide. In conclusion, there is enough copper 
in drinking water in N America to be a major factor in 
causing the AD epidemic. 

In regard to the hypothesis that copper from copper 
plumbing is a major factor in the AD epidemic, Japan 
provides interesting data. Japan is a developed country 
with a low incidence of AD (25). And Japan has shunned 
copper plumbing for fear of toxicity. But when Japanese 
migrate to Hawaii, where copper plumbing is used, their 
AD prevalence increases as in developed countries (26).

The other major source of copper-2 ingestion is from 
copper supplement pill ingestion. Most multivitamin/
multimineral and multimineral pills contain about 1.0 
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mg of copper, which equals the average dietary intake of 
copper. Probably half the population in the U.S. and other 
developed countries over age 50 takes one of these pills. 
This great use of these supplement pills began in the last 
half of the 20th century, and is hypothesized here, in view 
of the data of Morris et al [12], to be another contributor 
to the AD epidemic. 

Putting it All Together

Summarizing, there is strong evidence that the 
current epidemic of AD in developed countries is new 
in the sense that it has happened over the last 100 years. 
Probably, 100 years ago, there was an AD prevalence of 
1% or so in those 60 and over in developed countries, 
just as there is currently in undeveloped countries. These 
circumstances indicate, in fact virtually “shout out”, 
that environmental changes in developed countries are 
fueling the current epidemic, where prevalence has gone 
up to 10-20%. This very likely scenario seems to have 
escaped the attention of the AD scientific community. 
There is no strong effort to find what has changed about 
the environment that could be causing this dramatic 
upsurge in AD prevalence. It seems likely that the views 
raised earlier, that the increase is due to an increasingly 
aged population, or AD was simply viewed as a type of 
senility, hold sway. The refutation of those arguments, 
as done here earlier, may be something the scientific 
community is completely unaware of.

This should change, and the search for responsible 
environmental agents should be pursued urgently, 
so that changes can be made to greatly reduce the 
prevalence, if possible. Here, the hypothesis that 
ingestion of inorganic copper is a major environmental 
change that is a strong factor in the epidemic of AD is 
put forward. First it was shown that AD pathogenesis is 
tightly linked to copper toxicity as reflected by cognition 
and cognition deterioration being intimately linked to 
the size of the blood free copper pool (2-5). The size of 
this pool is itself closely linked to copper toxicity in other 
diseases, as shown, for example, in Wilson’s disease (27). 
Second, it was shown, that inorganic copper, copper-2, 
is exquisitely toxic to the brain when given in drinking 
water to AD animal models (8-10). Tiny amounts of 
copper in the drinking water, an amount so small that 25 
times as much would be inconsequential if given as food 
copper, caused greatly enhanced AD brain pathology 
and memory loss. Inorganic copper, or copper-2, given 
as supplement pills, was extremely toxic to cognition 
when given to humans (12). Third, it was shown that 
inorganic copper given orally as copper-64, was partially 
absorbed directly into the blood, bypassing the liver 
(13), whereas food copper all passes through the liver 
and is put into safe channels. Fourth, understanding 
of the differences in absorption of inorganic copper-2 
and food copper came about with the publication of 
Ceko et al (1), where it became known for the first time 

that food copper is almost all copper-1. This explains 
why evolution developed the Ctr1 transport system (14)
that handles only copper-1, and not copper-2, and the 
copper-1 ends up all going through the liver. Copper-2 is 
absorbed by other systems, and some of it bypasses the 
liver. Fifth, and finally, it was shown that the epidemic 
of AD (22) closely parallels the “epidemic” of use of 
copper plumbing (23), except Japan, which shunned 
copper plumbing and has a low prevalence of AD (25). 
It was also shown that there is plenty of copper leached 
from copper plumbing to be triggering AD, if the animal 
models are a good guide (24). 

Another factor that may be important in causing 
the AD epidemic is a high fat diet which is, of course, 
associated with development, due to increased meat 
eating. The original AD animal model that showed the 
effects of small amounts of copper in the drinking water 
was a cholesterol-fed rabbit model (8). (Although other 
AD animal models that showed the effect of copper on 
the drinking water were not fed high cholesterol or high 
fat diets). In the work of Morris et al (12), in which the 
highest quintile of copper intake lost cognition at six 
times the usual rate, these people also ate a high fat diet. 
Grant (28) has shown that AD prevalence across countries 
is correlated with average dietary fat intake. High intake 
of copper and fat together may act synergistically to 
damage the brain. Copper is known to oxidize cholesterol 
and other lipids into molecules that are damaging to 
neurons. 

There are various genetic risk factors for AD, such 
as hemochromatosis (29) and transferrin alleles (30), 
but these wouldn’t be expected to have changed in 
frequency with development over the last 100 years. 
An interesting example of genetic risk factors is the 
increased frequency of certain ATP7B alleles in AD 
patients (31-34), suggesting that these alleles increase 
risk. ATP7B is the Wilson’s disease gene, and when 
disease causing mutations are homozygous, serious 
copper accumulation and toxicity occur in the first two 
or three decades of life (27). Heterozygous carriers of 
one disease causing mutation have minor accumulations 
of copper which don’t require treatment. The question 
is, why does homozygous Wilson’s disease, with major 
copper toxicity, not cause cognition loss, while carriers 
of one Wilson’s allele, with a minor extra burden of 
copper, appear to have an increased risk of AD? The 
answer might be that Wilson’s disease patients are either 
adequately treated to eliminate the toxic free copper 
burden, or die, while untreated carriers expose the 
patient to a small amount of extra copper for a lifetime, 
eventually affecting cognition. So, possibly, AD can 
be triggered by many years of exposure to copper-2 
ingestion, or to a lifetime of exposure to an extra overall 
copper burden.

The question can be asked, how does the copper-2 
hypothesis fit into current hypotheses of AD causation? 
The current consensus hypothesis for AD causation 
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is called the amyloid cascade hypothesis (35). In this 
hypothesis, a small piece of the amyloid precursor 
protein, called beta amyloid, is clipped off by the beta 
secretase enzyme. This goes on in the normal brain, 
but the function is unknown. In the normal brain the 
beta amyloid is cleared, and doesn’t accumulate. In 
the AD brain, for unknown reasons, the beta amyloid 
accumulates and aggregates into amyloid plaques. These 
plaques are toxic to neurons, particularly if they bind 
copper on iron, in which case they give off damaging 
oxidant radicals. The hypothesized role of copper-2 
in this scenario, is first, copper is known to stimulate 
the aggregation of beta amyloid into plaques (36), and 
second, copper binds to the plaques and makes them 
more toxic by causing release of oxidant radicals (37). So 
copper-2 is a triggering agent, enhancing beta amyloid 
aggregation and toxicity.

A second hypothesis for AD causation is the primary 
oxidant damage hypothesis (38-40). In this hypothesis, 
the primary event is oxidant damage (39). Beta amyloid 
is an antioxidant, and is made in increased amounts to 
be protective. The accumulating beta amyloid aggregates 
into plaques, but in this hypothesis, the plaques are 
viewed as the proverbial cart (the result) rather than 
the proverbial horse (the cause) (38). In this hypothesis, 
copper-2 could be part of the cause of the disease, 
causing, at least in part, the initial oxidant damage. Beta 
amyloid is known to reduce copper-2 to copper-1, so 
part of its protective function could be to reduce toxic 
copper-2. 

At this point the copper-2 hypothesis, namely that 
ingestion of copper-2 is playing a very important role 
in triggering or causing AD, is just that, a hypothesis. 
It is very well supported by the evidence, and it seems 
prudent to accept it simply from the standpoint that 
removing copper-2 ingestion is not very difficult, and 
if the hypothesis is correct, great benefit ensues, and 
there is very little cost if it turns out not to be true. So in 
the following section, how to stop the AD epidemic by 
stopping the ingestion of copper-2, is discussed.

How to Stop the Epidemic of AD

The first step is to examine the label of all supplement 
pills being ingested. If they contain copper, throw them 
out. And don’t purchase supplement pills containing 
copper. Multivitamin pills without minerals are readily 
available. if a mineral is needed, such as calcium or iron, 
it can be taken as an individual supplement. The general 
population doesn’t require copper supplementation. 
Idiopathic copper deficiency is extremely rare. There 
are a few types of patients (extensive gastrointestinal 
surgery, malabsorption syndromes, large doses of zinc) 
that may require copper, but they are easily identified 
and treated.

The second step is to test drinking water for copper 
levels. Avoid “first draw” water. Let the tap run five 

minutes before collecting the sample for testing. There 
are many companies that offer copper tests. If values are 
0.01ppm or lower, it is safe. If it is over 0.01 ppm, it is not 
necessary to remove copper plumbing. A device, such as 
a reverse osmosis device, can be placed on the tap used 
for drinking and cooking water, and it will lower copper 
to safe levels. Even if copper plumbing isn’t in use, it is a 
good idea to test the water. Sometimes source water has a 
high copper level.

Finally, it is probably a good idea to lower fat intake. 
The easiest way to do that is to lower meat intake, which 
is generally a healthy thing to do, because in one large 
study, all cause mortality was positively correlated with 
meat intake (41).

In conclusion, the situation with respect to the 
copper-2 hypothesis is much like the hypothesis that 
cigarette smoking causes lung cancer and cardiovascular 
diseases was 60-75 years ago. Those who believed the 
early observational data benefitted greatly from stopping, 
or never starting, smoking. Now, with the massive 
collection of ever more observational data, even the 
most ardent smoker is aware of the risk. The copper-2 
hypothesis, as with the smoking hypothesis, can’t be 
finally proven by administering the putative agent to see 
if it causes the disease, because of ethical concerns. But if 
it proves to be correct, those who take the steps now to 
avoid copper-2 ingestion greatly decrease their risk of this 
very serious disease that robs the elderly of their “golden 
years”. 
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