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Cadmium in blood in Alzheimer’s disease and non-demented subjects:
results from a population-based study
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Blood cadmium concentrations were studied in Alzheimer’s disease (AD) and non-demented subjects. The 29
individuals were randomized from the ongoing population survey on ageing and dementia in Stockholm, the
Kungsholmen Project. Smokers had, as expected, higher cadmium levels than non-smokers. Cadmium
concentrations in blood were related to diastolic blood pressure in non-smoking, non-demented individuals. In
contrast to previous reports no differences in blood cadmium levels were found between AD sufferers and
non-demented subjects. Furthermore, there were no correlations between cadmium levels in blood and age or
cognitive functions. The importance of quality assurance in sample collection and analysis of cadmium as well

as scrutinizing smoking habits is emphasized.
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Introduction

Contributions to the genetic hypothesis of Alz-
heimer’s disease (AD) have been made during the
last years (Goate et af. 1991, Mullan e al. 1992).
They found two different mutations in the amyloid
precursor protein gene in familics with an early
onset type of AD. However, most cases of AD are
sporadic and of late onset, where the etiology is
unknown. In the ongoing population survey on
ageing and dementia in Stockholm, the Kungshol-
men Project, four risk factors for AD were found:
age, a family history of dementia, alcohol abuse and
manual wark (Fratiglioni ez al. 1993). Solvents and
aluminum exposure have been found to be associ-
ated with impaired cognition (Axelsson et al. 1976,
Sjogren et al. 1990, Rifat et al. 1990). Several metals
have also been proposed as pathogenic co-factors in
AD (for review, see Basun ef al. 1991). One of
these, cadmium, has been found in high concentra-
tions in liver tissue and blood in AD sufferers (Lui et
al. 1990, Basun et al. 1991).
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In muscles, as well as in other organs, cadmium
accumulates with exposure through food and
tabacco smoke during the whole life span. However,
at age 40-50 years a maximum is rcached in the
kidney, which is considered to be the critical organ
for long-term low level exposure (Kjellstrom 1985).
Accumulation in liver levels off at age 30. The
concentration is 10-30 times higher in the kidney
than 1in the liver at 50 years of age (Nordberg et al.
1985). Various biological half-times for cadmium are
reported depending on the model used for calculat-
ing the half-time (WHO/IPCS 1992). By use of an
eight-compartment model, biological half-time was
estimated to be 7.5 and 12 years for liver and kidney,
respectively (Kjellstrdm & Nordberg 1978). For
muscle, the biological half-time is even longer, up to
as long as 30 years has been mentioned. The
half-times of the tissues are about 15-40% of the life
span (Nordherg er al. 1985). Even if cadmium
concentration is low in the muscles, the total
contribution to body burden is extensive due to the
large weight of muscles (WHO/IPCS 1992).

Inhalation of tobacco smoke contributes signifi-

+ cantly to cadmium concentration in organs. Smokers

have about twice the concentration in the kidney
compared with non-smokers. The concentration of

(© 1994 Rapid Communications of Oxford Ltd



cadmium in blood is a useful indicator of ongoing
exposure during recemt months, but it may also
partly be related to body burden. There is a
pronounced influence on blood cadmium concen-
tration from the inhalation of tobacco smoke.
Among non-smokers, a slight increase with age in
the blood cadmium concentration can usually be
seen (Friberg er al. 1986). Hypertension and cardio-
vascular diseasc in relation to cadmium have been
debated. A somewhat higher cadmium concentra-
tion was observed in liver and kidney in people in
the general environment deceased from hyper-
tensive and cardiovascular disease compared with
other causes of death (Schroeder 1965, 1967). As in
many other studies, smoking habits were not taken
into account.

Due to the increased cadmium content in blood of
a selected group of AD patients reported by Basun
et al. {1991), this metal was chosen to be investi-
gated in a population-based study under extreme
standardized conditions including quality assur-
ances.

Aims of the investigation

What is the blood cadmium concentration in normal
ageing and AD? Is there any relation between
cadmium concentrations in blood and cognitive
functions, degree of illness or age? ls there any
relation between cadmium concentrations in blood
and blood pressure, body mass index (BMI) or
kidney functions?

Materials and methods

Subjects

Subjects were seen as a part of a population-based study,
which has been reported in detail elsewhere (Fratiglioni et
al. 1991, 1992). Briefly, the project is based on all
inhabitants (born 1912 and before) living in an area of
Stockholm called Kungsholmen in October 1987. There
were 2368 individuals, consisting of 1800 females and 368
males, living at home or in institutional care, The whole
population was assessed with the Mini-Mental State
Examination (MMSE) (Folstein er al. 1975) uscd as
screening test with a cut-off point of 23/24 to discriminate
subjects with and without cognitive impairment. All
subjects who screened positive (MMSE =23) and a
random sample of subjects who screencd negative (MMSE
2 24} were extensively investigated with clinical examin-
ation, family interview and laboratory tests to reach « final
diagnosis of dementia and different types of dementia. The
sample was selected from all the screened negatives,
matched by gender and age (=5 vears of age) with
screened positives. The clinical examination included a
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medical and social history, physical and neurologic exami-
nation, cognitive examination, and assessment of depress-
ion using a sub-scale of the Comprehensive Psychopatho-
logical Rating Scale {Perris ef af. 1984). Diet was assessed
by an interview with the proband and with a next-of-kin
using a structured family interview (Roth er af. 1986).
Height, body weight and blood pressure were recorded for
all individuals.

The dementia diagnosis was based on DSM-III-R
criteria (American Psychiatric Association, Diagnostic and
Statistical Manual of Mental Disorders, revised 3rd edn
(DSM-III-R) 1987) with some modifications (Fratiglioni et
al. 1991),

The investigated patients in the current study were
randomized from the above presented group of aged
people. Demographic data are given in Table 1. These
individuals were further investigated with different psy-
chometric tests, EEG and magnetic resonance imaging of
the brain. In this group the diagnosis of AD was based on
the criteria from the National Institute of Neurological
Disorders Association and Stroke-Alzheimer's Disease
and related disorders (NINCDS-ARDRA) {McKhann e
al. 1984). Of the demcnted subjects, six were diagnosed as
probable AD.

Blood sampling

Whole blood {10 ml) was collected from 29 subjects (21
females and eight males). To avoid contamination from
cadmium in tobacco smoke the sample collectors were
non-smokers. The skin of the patients was cleaned with
mediswab (Pharmax, Bexley, Kent, UK) containing iso-
propanol before collection of blood for the cadmium
analysis via evacuated tubes, Venojet VI 100-H with
green stoppers {Terumo, Tokyo, Japan). The tubes
contained sodium-heparin and were hence turned 10-15
times for mixing before storage at 4 °C. Then, 1 ml was
transferred with a pasteur pipette to an acid-washed tube
of polycthylenc, and immediately frozen at —20°C and
after 1 week stored at —80 °C.

Table 1. Demographic data in non-demented and de-
mented subjects (those demented subjects diagnosed as
AD are also shown separately)

Non-demented Demented AD

No. 19 10 6

Age 82 £ 5¢ 84+56 853
Sex (F/M) 12/7 9/1 51
MMSE 264 215 20+ 5
Height 159+ 23 160 = 8 161 + 9
Body weight 63+12 62+9 6l -6
BMI (kgm—?)  24.1+2.8 237442 34224
Smoker/

non-smoker 5/128 3/6° 1/4b

*Mean = standard deviation.
PSmoking habits werc unknown in two control subjects and in one
AD individual.
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Analytical methods

Blocd samples were also taken for routine analysis of
hemoglobin, glucose, leukocytes and sedimentation rate tn
whole blood, albumin, chlorides, cobalamin, creatinine,
folic acid, iron, sodium and thyroid hormones in serum.
These analyses were performed according to the routines
at the Department of Clinical Chemistry, St Goran's
Hospital, Stockholm.

Whole blood was analyzed for cadmium (Elinder et al.
1983) after deproteinization (0.3 ml blood +0.5 ml 0.8 m
HNO4) by use of graphite furnace atomic absarption
spectrophatometry (GFAAS). The equipment used was a
Perkin Elmer 5000 AAS with Zeeman background correc-
tion and with a graphite furnace HGA-500, L'vov plat-
form, an automatic sample exchanger AS-40, a two-pen
recorder PE-56 and a computer PE-7500 as accecssories.
The detection limit for cadmium in blood was 0.08, 0.11
and 0.17 ng g~! for the 3 days of analysis. For evaluation of
accuracy, a quality control (QC) program was performed
as described by Vahter & Friberg (1988). The results of the
three QC sets, one for each dav of analvsis, were all
accepted according to the criterion, maximum allowable
deviation (MAD): y = x + (0.05x +0.02) ngg~1, used for
an international program under WHO. Mean values for
the relative standard deviation (RSD) between duplicates
were 3, 10 and 3% RSD. respectively.

Data analysis

Comparions between groups were made with Student’s
t-test. Pearson’s correlation coefficients were used when
analvzing the relationships between cadmium levels and
continuous variables. Spcarman Rank correlation coef-
ficients were calculated when comparing MMSE scores
and cadmium concentrations. Significance levels were set
at P < 0.05.

Results

Age, sex, number of smokers and non-smokers,
MMSE, height, body weight and BMI are presented
in Table 1. Non-demented subjects have a higher
body wecight and BMI compared with demented
individuals and AD subjects. One person in the
control group was not possible to identify with
regard to smoking history and thus not included in
the study. Smokers had higher cadmium levels in
blood than non-smokers (Table 2).

Nean-smoekers

Non-demented individuals, demented subjects and
AD sufferers had blood cadmium concentrations
(X £SD) of 046 £0.17, 0.44 £ 0.06 and 0.49 £
0.14nge™', respectively. The diffcrence between
these groups was not statistically significant {Table
2). There was a positive relationship between blood
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Table 2. Blood cadmium levels (ngg~!} in smokers and
non-smokers in non-demented and demented subjects
(those demented subjects diagnosed as AD are also shown
separately)

Non-demented Demented AD P
Smokers 1.06 +0.972 1.27x1.03 0.54 NSb
(n=5) (n=3) (n=1)

Non- 0.46 = 0.17 0.44 + 0.06 0.49 +0.14 NS
smokers (n = 12) (n=16) (n=4)
P < 0.04¢ < 0.06 NS

*Expressed as mean * standard deviation.

"Non-demented versus demented and AD subjects, respectively.
Student’s ¢-test.

*Smokers versus non-smokers. Student’s ¢-test.

cadmium concentration in non-demented subjects
and diastolic blood pressure, albumin and cobalamin
in serum. Furthermore, there was a negative associ-
ation to leukocytes in blood and height, respectively.
No associations with age or MMSE were seen in
cither of the groups. In Figure 1, diastolic blood
pressure is plotied against blood cadmium concen-
tration in the non-demented individuals. Data from
the relation between height, blood pressure, leuko-
cytes, albumin, creatinine and cobalamin are given
in Table 3.

Stnokers

Non-demcnted individuals, demented patients and
AD sufferers had cadmium blood concentrations
of 1.06+0.97, 1.27+1.03 and 0.54ngp !,
respectively.

Discussion

In the non-smoking, non-demented subjects (mean
age 84 and range 76-93 years) the mean cadmium
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Figure 1. Correlation between blood cadmium levels
(ng g} and diastolic blood pressure (mm Hg) in non-
smoking individuals classified as non-demented



Table 3. Significant correlations with blood cadmium
levels in non-smoking individuals classified as non-
demented and demented (those demented subjects diag-
nosed as AD are also shown separately)

Non-demented Demented AD

Height —0.72; P=0.012
Blood pressure
systolic +0.55; P =0.06
diastolic  +0.68; P = (.01
Leukocytes —~0.60; P =0.04
Albumin +0.57; P=0.05
Creatinine —0.95; P=0.05
Cobalamin  +0.60; P = 0.04

"Correlation coefficient and probability.

coneentration was (.46 ngg~!, which is to be com-
pared with 0.3 ngg ! reported by Elinder er af.
(1983) in a somewhat younger population. This may
indicate an age-associated increase in cadmium
levels, which has been suggested by Friberg er af.
(1986). However, such a relation could not be
obscrved with increasing age within the current
study. This may be due to the rather limited number
of individuals taking part in the study (altogether 29)
or to the possibility that the cadmium content in
blood has reached a maximum at 76 years. This
would be in line with the circumstances in kidney
and hver.

Cognitive functions as assessed by MMSE were
not related to cadmium levels in blood in either of
the groups. This may indicate that blood cadmium
concentrations lower than the levels of known acute
toxicity do not affect cognitive functions. These
data. however, must be interpreted with caution. as
MMSE is just a screening tool for cognitive dysfunc-
tions.

Concentrations for differcnt metals in plasma and
cercbrospinal fluid differed in a selected group of
AD sufferers as compared with healthy, aged
control subjects (Basun er of. 1991). This was most
promincnt for the high cadmium levels detected in
plasma from AD paticnts. In the current pilot study
no diffcrence was seen between the AD and
non-demented individuals. Thus, we were not able
to confirm the earlier findings of high plasma
cadmium in AD sulferers. This may be due to the
use ol quality assurance in sample collection and
analvsis of cadmium in the present study. Further-
more. history of smoking habits was carefully
scrutinized in this population-based study. This is in
contrast to the earlier study, which was performed
on a selective group of individuals. However, the
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current study was done on a restricted number of
subjects.

We observed an association between cadmium
content in blood and diastolic blood pressure. There
was also a trend towards a relationship between
systolic blood pressure and the cadmium concen-
tration in blood (P = 0.06). This is in accordance
with the findings of Schroeder (1965, 1976).

There was a negative correlation between cad-
mium concentration in blood and creatinin in serum.
This may reflect a release from the muscles accord-
ing to the well known loss of body weight in AD
patients (Sandman ef af. 1987).

More joint research between gerontologists and
toxicologists is warranted as too little is known
concerning ageing and chemicals with regard to
adverse health effects, which has recently been
focused upon (WHOQ/IPCS 1993).
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