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Summary. Alzheimer’s disease (AD) is a common neurodegenerative disor-
der that leads to dementia and death. In addition to several genetic param-
eters, various environmental factors may influence the risk of getting AD. In
order to test whether blood levels of the heavy metal mercury are increased in
AD, we measured blood mercury concentrations in AD patients (n = 33), and
compared them to age-matched control patients with major depression (MD)
(n = 45), as well as to an additional control group of patients with various non-
psychiatric disorders (n = 65). Blood mercury levels were more than two-fold
higher in AD patients as compared to both control groups (p = 0.0005, and
p = 0.0000, respectively). In early onset AD patients (n = 13), blood mercury
levels were almost three-fold higher as compared to controls (p = 0.0002, and
p = 0.0000, respectively). These increases were unrelated to the patients’
dental status. Linear regression analysis of blood mercury concentrations and
CSF levels of amyloid B-peptide (AP) revealed a significant correlation of
these measures in AD patients (n = 15, r = 0.7440, p = 0.0015, Pearson type
of correlation). These results demonstrate elevated blood levels of mercury in
AD, and they suggest that this increase of mercury levels is associated with
high CSF levels of A, whereas tau levels were unrelated. Possible explana-
tions of increased blood mercury levels in AD include yet unidentified envi-
ronmental sources or release from brain tissue with the advance in neuronal
death.

Keywords: Dementia, biochemical markers, heavy metals, neuro-
degeneration.
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Abbreviations

AD Alzheimer’s disease, MD major depression, f female, m male, ELISA
enzyme-linked immunosorbent assay, APP amyloid precursor protein,
AP amyloid p-peptide.

Introduction

Alzheimer’s disease (AD) is the most common neurodegenerative disorder.
In addition to several genetic parameters, such as mutations in the amyloid
precursor protein (APP) and presenilin genes, or allelic variances of the
apolipoprotein E gene (for review see: Hardy, 1996), various environmental
factors may influence the risk of getting AD. These include such metals
as iron, aluminium, zink, copper, lead, cadmium, mercury (Basun et al., 1991).
Iron and zinc levels were shown to be significantly increased in post mortem
AD hippocampus and amygdala (Deibel et al., 1996). Serum levels of the iron
binding protein p97 were shown to be elevated in AD patients compared to
controls (Kennard et al., 1996). Several preliminary reports noted that mer-
cury levels were elevated in post mortem AD brain tissue (Ehmann et al.,
1986; Thompson et al., 1988), and in plasma of AD patients (Basun et al.,
1991). Elemental mercury can be derived from amalgam restorations that are
in widespread use. To examine whether mercury is increased and to deter-
mine the relevance of this finding to AD, we determined blood mercury
levels in patients with probable AD, and compared them to age-matched
patients with major depression (MD), and to an additional control group
of patients with various non-psychiatric disorders.

Subjects and methods

Subjects

The diagnosis of probable AD was made according to the NINCDS-ADRDA criteria
(McKhann et al., 1984). MD was diagnosed according to ICD10 (F32.0x/1x, F33.0x/1x)
and DSM-IIIR (296.20-22, 296.30-32). Blood mercury levels were measured in 33 AD
patients (15m, 18f, mean age 70.7 = 11.3yrs, Mini Mental State (MMS, Folstein et al.,
1975). Score 17.5 = 6.4), and in 45 patients with MD (6 m, 391, 73.3 = 10.0yrs, MMS 28.0
+ 1.5). AD patients with early onset (<65 years,n = 13, 6m, 7f,59.2 = 6.8 yrs, MMS 17.3
+ 6.1) were compared to AD patients with late onset (=65 years) of the disease (n = 20,
9m, 11f, 78.2 = 6.0yrs, MMS 17.9 = 6.7). None of the early onset AD patients had a
family history of AD. In no case was an occupational exposure to mercury, or excessive
fish consumption reported. Neither clinical signs nor laboratory values indicated
that patients were malnourished or had renal disorders. All patients were community-
dwelling in Munich and environs, and were refered to the research ward of the Depart-
ment of Psychiatry, University of Munich, from general practioners, neurologists
and psychiatrists for diagnostic purposes and screening for clinical trials. None of the
patients was institutionalized. Patients were selected from this research ward during a
period of one year. Occupational exposure to heavy metals and dietary history
were recorded in a clinical interview and documented in case report forms. The nutri-
tional status of all patients was within the normal range. All patients received food
from the clinic during the period of investigations. An additional group of control pa-
tients was recruited from the Munich University Hospitals. 65 patients with various
nonpsychiatric disorders including intestinal and renal disturbances, gastroenteritis,



Blood mercury levels in Alzheimer’s disease 61

dermatitis, tremor and chronic pain, were examined (“mixed control group”, n = 65,
mean age 36.1yrs).

Ethics

Informed consent was taken from each patient and their caregivers before the investiga-
tion. The study was approved by the local ethical committee. All procedures were in
accordance with the Helsinki Declaration of 1975, as revised in 1983.

Protocol

35 of the 78 patients were selected at random to undergo complete dental assessment. The
dental status work up included counts of amalgam fillings in 17 AD patients (7m, 10f,
mean age 72.8 = 9.7yrs) and 18 control patients with MD (1 m, 171, 74.9 = 9.9yrs). 88%
(15/17) of AD, and 33% (6/18) of MD had dentures at the time of mercury determina-
tions. 71% (12/17) of AD, and 83% (15/18) of the patients with MD had no amalgam
fillings, and 28% (5/17) of AD, and 17% (3/18) of MD patients had one or more amalgam
filling at the time of mercury measurements.

CSF was obtained for diagnostic purposes in a subset of the AD patient group
in which a lumbar puncture was performed during the diagnostic work-up. This fact
explains the differences in sample sizes. All available CSF samples were used for the
analyses. For AP} measurements, CSFs were obtained from 15 AD patients (7m, 81, 68.1
+ 7.5yrs, MMS 18.7 = 5.7). For tau measurements, CSFs were available from 18 AD
patients (9m, 9f, 69.1 = 8.1yrs, MMS 183 = 6.0). CSFs were obtained by lumbar
puncture within one week of both dementia testing, and blood mercury measurements.
To avoid possible influences of a ventriculo-lumbar gradient, lumbar punctures were
done between 7.30 and 8 a.m. before patients assumed an erect posture. CSF samples
were frozen (—80°C) at the bedside in 0.5ml aliquots, and stored at —80°C until
biochemical analyses.

AD patients were free of psychotropic medication. Control subjects with MD were
treated with such antidepressants as serotonin reuptake inhibitors, reversible
monoaminoxidase A inhibitors and tricyclics. It is currently unknown whether these
treatments can influence blood levels of mercury or CSF levels of Af and tau.

Mercury assay

Blood was collected in disposable Hg-free EDTA coated plastic tubes and stored for a
maximum of 3 days at +4°C until analysis. It is mandatory to measure mercury levels
within a few days of blood collection because storage of mercury-containing specimens in
plastic test tubes over several months leads to deposition of mercury in the test tube walls,
and to a loss of mercury in the specimen (Schaller, 1985; Drasch et al., unpublished
observations). Therefore, blood samples were assayed for mercury levels consecutively
and diagnoses were blinded to the investigators. Blood mercury levels were determined
by cold vapour atomic absorption spectrometry after enrichment on a gold-platinum-
net according to a recently described protocol (Schaller, 1985; Drasch et al., 1994)
using the Perkin-Elmer 1,100 B atomic absorption spectrometer with HGA 20 (Perkin-
Elmer, Uberlingen, Germany). 1.0ml of whole blood were analysed in duplicates, and
Seronorm™ Trace Element Whole Blood (Nycomed, Torshov, Norway) was used as
matrix-matched control. The detection limit was 0.3ug/l, and the assay was linear over
the range of 0.3-30ug/l. The within series imprecision of the method used was specified
with 3.2% in relation to the standard deviation, the day to day imprecision with 3.6%
(Schaller, 1985). Our own investigations and quality controls confirmed within series
imprecision and day to day imprecision ranging from 3-4% (Drasch et al., unpublished
observations).
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Amyloid B-peptide (AB) ELISA

CSF levels of AP were measured by an ELISA as described recently (Seubert et al., 1992).
This assay measures the sum of Af,_,, and AP, . In a typical human CSF sample, there
is approximately 10 to 20 times more Ap,_, than AB,_,. Data represent the mean of

triplicate determinations. The sensitivity was =0.1ng/ml (for details see: Seubert et al.,
1992).

Tau ELISA

CSF levels of tau protein were determined by an ELISA as described previously
(Vandermeeren et al., 1993; Hock et al., 1995). The detection limit was 10 pg/ml, the mean
recovery 92%, the assay was linear in the range of 10 to 160pg/ml, and the intra-assay
variance was below 11%.

Statistical analyses

Statistical analysis of data was performed using the independent-samples t-test (when
normal distribution was demonstrated) or Mann-Whitney U test for group comparisons.
Correlation analyses were performed by multiple regression using CSF levels of Af} and
tau, as well as Mini Mental State, duration of illness and age of onset. Regression analysis
was complemented by ANOVA. Statistical significance was assumed at p < 0.05.
Bonferroni correction for multiple testing was applied.

Results

Blood mercury levels were more than two-fold higher in the AD group as
compared to control patients with MD (mean = SEM: 2.64 + 0.38 ug/l, n = 33,
range: 0.00-8.66ug/l, and 1.20 = 0.20pug/l, n = 45, range: 0.00-6.12pg/l, re-
spectively, p = 0.0005, t-test). Blood mercury concentrations in AD patients
with early onset of the disease were almost three-fold higher (3.32 = 0.73 ug/
1, n = 13, range: 0.60-8.66 ug/l) as compared to control patients with MD (p =
0.0002). Blood mercury concentrations in AD patients with late onset of the
disease were also significantly higher (2.20 = 0.39ug/l, n = 20, range: 0.00—
7.10ug/1) as compared to the controls (p = 0.0138), although the elevation was
only 1.8 fold (Fig. 1). The comparison of mean blood mercury levels between
AD with early and late onset of the disease was statistically not significant (p
= 0.1502). In order to exclude a systematic error caused by abnormally low
blood levels of mercury in our group of control patients with MD, e.g. due to
treatment with antidepressants, mean blood levels of mercury were measured
in an additional group of mixed control patients with various non-psychiatric
disorders. Mean blood levels of mercury in the AD group were clearly higher
than in this additional control group (n = 65, 1.09 = 0.12ug/l, range: 0-3.3 ug/
1). Comparison to the AD group: p = 0.0000, to AD with early onset: p =
0.0000, to AD with late onset: p = 0.0004 (Fig. 1). The results remained
significant using Bonferroni-corrected a-values.

Figure 2 shows a scattergram of the individual mercury values and
boxplots (showing median, 5%, 10%, 25%, 75%, 90% and 95th percentiles) in
the AD, MD mixed control patients (median: 2.00ug/l, n = 33, 0.80ug/l, n =
45, and 0.80pug/l, n = 65, respectively). In all groups normal distribution was
demonstrated (Kolmogorov-Smirnov test of normality: AD, p = 0.005, MD,
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Fig. 1. Bars show blood mercury levels (mean = SEM) in the AD group (2.64 = 0.38 ug/
I, n = 33, range: 0.00-8.66ug/l), AD patients with early onset of the disease (ADeo,
3.32 = 0.73ug/l, n = 13, range: 0.60-8.66ug/l), AD patients with late onset of the dis-
ease (ADlo, 2.20 = 0.39ug/l, n = 20, range: 0.00 to 7.10ug/1), control patients with
MD (CTR(DE), 1.20 = 0.20ug/l, n = 45, range: 0.00-6.12ug/l), and control patients
with various non-psychiatric disorders (CTR(M, mixed), 1.09 = 0.12ug/l, n = 65, range:
0-3.3ug/l). P values are given in bold, when compared to CTR(DE), in italics, when
compared to CTR(M). The independent-samples t-test was used. The results remained
significant using Bonferroni-corrected a-values

p = 0.000, mixed control patients, p = 0.005). The 95% Confidence Interval
(CI) for the mean was 1.87-3.41 in AD, 0.79-1.60 in MD, and 0.86-1.32 in the
mixed control patients.

In order to evaluate effects of dental status on blood mercury levels,
patients with AD and AD were grouped according to the presence of amal-
gam filling(s): MD patients without denture and without fillings, 2.82 =+
1.30pg/l (mean = SD), n = 12, AD patients with =1 amalgam filling(s), 3.15
+ 3.24ug/l,n = 5 (p = 0.5268), indicating that these groups were not signifi-
cantly different. Patients with MD without denture or fillings, 1.96 = 1.53 ug/
I, n = 15, had similar levels as control patients with =1 amalgam filling(s) 2.55
+ 2.10pg/l, n = 3 (p = 0.5145). No differences in blood mercury levels
between all patients without denture or fillings, 2.34 = 1.47ug/l, n = 27, and
those with more than one amalgam filling(s), 2.93 £ 2.71ug/l, n = 8 (p =
0.8443) (Mann-Whitney U test).

Linear regression analysis of blood mercury concentrations of AD pa-
tients and CSF levels of AP showed that these measures were significantly
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Fig. 2. Scattergram of the individual mercury values (shown as dots) and boxplots (show-

ing median, 5%, 10%, 25%, 75%, 90% and 95th percentiles) in the AD patients and the

control patients with MD (median: 2.00pug/l, n = 33, and 0.80ug/l, n = 45, and 0.80ug/1,
n = 65, respectively)

correlated (n = 15, r = 0.7440, p = 0.0015, Pearson type of correlation, p =
001, ANOVA) (Fig. 3). In contrast, there was no correlation with CSF levels
of tau (n = 18, r = 0.465, p = 0.0517, Pearson type of correlation). Blood
mercury levels did not correlate with age, sex, age of disease onset and MMS
scores.

Discussion

The major finding of this study indicates that mean blood mercury concentra-
tions are more than two-fold higher in AD patients, and even three-fold
higher in AD patients with early onset of the disease, as compared to age-
matched control patients with MD. For comparison: Normal blood mercury
levels in the German population reportedly are 0.74 = 0.80ug/l (n = 2,294, age
range, 25-69yr, highest value: 11.1ug/l) (Krause et al., 1989). The highest
levels in our study were 8.66 ug/l for the AD group, 6.12ug/l for the MD, and
3.30 for the mixed control group. These levels were clearly below the concen-
trations that are known to cause acute (>200ug/1) or chronic (>35ug/l) neu-
rotoxicity. Since there is substantial overlap with the control subjects, blood
mercury levels do not constitute a diagnostic tool for the AD patient group.
One reason for this overlap might be that a considerable portion of the age-
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Fig. 3. Correlation of blood mercury concentrations and CSF levels of Ap in AD
patients by linear regression analysis (n = 15, r = 0.7440, p = 0.0015, Pearson type of
correlation)

matched healthy controls might be preclinical AD patients. It is assumed that
the specific neuropathology of AD precedes the clinical manifestation of the
disease for years, or even decades (Davies et al., 1988; Rumble et al., 1989). In
addition, patients with MD were shown to have an increased risk for AD as
compared to the general population (Steffens et al., 1997). The higher overlap
of the AD with the MD group than with the mixed controls, as shown in Fig.
2, would be consistent with these reports. However, to date, no preclinical
markers are available that definitely ecxlude preclincal AD patients in such
studies. Nevertheless, the increase in mean blood mercury levels might be
specific for the AD group, because a similar difference was observed by
comparison to the other control group of patients with various non-psychiatric
disorders. Further comparative studies that include other neurological ill-
nesses associated with neurodegeneration are needed to clarify the specificity
of increased mercury levels. In addition, further studies in larger samples may
provide insight whether subgroups of AD patients that show higher blood
mercury levels than the average levels in age-matched controls can be asso-
ciated with specific clinical characteristics.

The finding of increased blood levels of mercury in AD patients is in
agreement with a previous report of Basun et al. (1991) who showed that
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plasma levels of mercury were increased in 12 patients with AD as compared
to 25 healthy age-matched volunteers (mean * SD: 14.7 = 6.5nmol/l, and 8.0
+ 3.7, respectively). In contrast to our finding and the results of Basun et al.,
Fung et al. (1995) reported no differences in blood mercury levels in institu-
tionalized AD patients as compared to controls. However, in that study,
blood specimens were stored at —70° until assayed. As stated above, it is
mandatory to measure mercury levels within a few days of blood collection
because storage of mercury-containing specimens in plastic test tubes
over several months leads to deposition of mercury in the test tube walls,
and to a loss of mercury in the specimen. For this reason we were not
able to detect mercury in stored CSF and serum samples. This might explain
why Fung et al. (1995) did not replicate the finding of Basun and colleagues
(1991).

In our sample, 70% of the AD patients showed higher blood mercury
levels than the average levels in the control group with MD, and 83% higher
than the mixed control group. However, it is important to note that our
correlative data provide no evidence for a causal effect of mercury in the
pathogenesis of AD. Prospective population-based studies are required to
determine whether increased blood mercury levels are a risk factor for the
development of AD. Alternatively, increased levels of mercury may be a
marker of neurodegeneration in a subgroup of AD patients. It may be specu-
lated that sequestered mercury is released from brain tissue with the advance
in neuronal death in AD, known to be more marked in patients with early
onset of the disease.

Mercury in whole blood comprises the sum of organic (methylmercury)
and inorganic mercury (elemental mercury, mercury salts). Potential sources
of mercury in human subject arise from environmental exposure to mercury
(industrial discharge, chloralkali production, fungicides, germicides), as well
as from the intake of fish and seafood (Halbach, 1994). The potential environ-
mental source of elevated mercury levels in AD patients is unclear. In selected
individuals, amalgam restorations can contribute for up to two thirds of the
total body load of mercury (Halbach, 1994). In the present study, blood
mercury levels were not significantly different in patients with AD and MD
grouped according to the presence of amalgam filling(s). Our data exclude the
possibility that the patients studied had a history of occupational exposure to
mercury, or of excessive consumption of sea food. Thus, other environmental
sources of mercury need to be identified.

The second finding of this study was that increased blood mercury levels
correlated with CSF levels of AP suggesting the possibility of a direct or
indirect interaction of these two measures, provided that blood mercury con-
centrations correspond constantly to levels in CSF and brain. Recent studies
suggest that this is the case. The ratios of mercury concentrations between
lumbar CSF and plasma were 0.35 = 0.32 in AD patients, and 0.42 = 0.68 in
healthy controls (statistically not different, Basun et al., 1991). Nielsen et al.
(1994) found that blood and brain mercury levels were correlated, and that in
mice blood mercury levels may be used as an estimate of brain tissue concen-
trations of mercury. However, systematic correlative measurements of mer-
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cury in blood, CSF and brain tissue derived from the same individuals are
required to determine whether blood levels of mercury consistantly reflect
tissue levels in the central nervous system. Since mercury is a potent inhibitor
of protein kinase C (PKC) activity and phorbol ester binding to PKC
(Rajanna et al., 1995), it is tempting to speculate that mercury might alter
proteolytic processing of APP, because a-secretase processing by cleavage
within the AP domain is readily increased by PKC (for review see: Nitsch and
Growdon, 1994). Tissue culture experiments that are under way in our group,
suggest that mercury decreases APPs secretion in a dose-dependent manner
(Hock et al., in preparation).

Neurofibrillary tangles are another important histopathological hallmark
of AD. Increased mercury concentration may interfere with microtubule
assembly in that HgCl, markedly inhibits the ADP-ribosylation of tubulin and
actin (Lorscheider et al., 1995). CSF levels of tau, however, were not corre-
lated to blood levels of mercury in our study.

In summary, we found that blood mercury concentrations were more than
two-fold higher in AD patients as compared to age-matched control patients
with MD, or as compared to a group of control patients with various non-
psychiatric disorders. Blood mercury levels positively correlated with CSF
levels of AP. Increased mercury levels might interfere with the metabolism of
proteins that play a role in the pathogenesis of AD. Possible explanations
of increased blood mercury levels in AD patients include yet unidentified
environmental sources or release from brain tissue with the advance in
neuronal death.
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