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Summary. Serum and cerebrospinal fluid (CSF) from 25
patients with dementia of Alzheimer type (DAT) and 25
controls were assayed for concentrations of albumin and
IgG. The severity of dementia was rated with the Mini
Mental State Examination. The CSF/serum ratio for al-
bumin and IgG as well as the IgG index were used to eval-
uate blood-CSF barrier function in the respective groups.
The control group was matched for age, sex and the indi-
rect alcohol parameters, mean corpuscular volume and
gamma-glutamyltranspeptidase. There were no signs of
dysfunction of the blood-CSF barrier for proteins or signs
of local synthesis of IgG in the central nervous system
(CNS) of the demented patients. The permeability of the
blood-CSF barrier appeared to be unrelated to dementia
severity. The data do not support the hypothesis that a
pathological leakage through the blood-CSF barrier facili-
tates the entry of extraneuronal proteins to the CNS,
which might contribute to the pathophysiological pro-
cess in DAT.
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Introduction

Dementia of Alzheimer type (DAT) is the most common
cause of mental deterioration in the elderly [37]. Despite
extensive research, the aetiology of the disorder is as yet
unknown [18]. Among the various theories about the
pathogenesis of DAT, some imply a primary defect of
the blood-CSF barrier (BCB) as a cause of the clinical
and pathological changes [14]. There are indications that
disturbances of the BCB commonly occur in DAT (2, 38,
40]. Indirect evidence for BCB abnormalities exists in
the finding of a severe degree of cerebral amyloid angio-
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pathy or cerebrovascular amyloidosis (CAA) around
brain vessels of patients with DAT [4, 25]. Widespread
amyloid deposition may also be detected in the cerebral
and cerebellar cortex [26]. Recently, the precursor pro-
tein of CAA has been characterized [15] and cloned [21].
This protein is also expressed [35] and deposited in extra-
cerebral tissues [19]. This has renewed interest in BCB
function for proteins. It has been hypothesized that the
entry of precursor proteins from serum into the brain
might lead to brain amyloid deposition in DAT [19]. Re-
sults from studies on serum and cerebrospinal fluid (CSF)
proteins to evaluate BCB function are inconsistent [1, 8,
22, 24]. However, none of the previous studies have con-
sidered additional effects of alcohol consumption on BCB
function [23].

In the present investigation, the BCB function was
evaluated by means of the CSF/serum ratio for albumin.
The CSF/serum ratio for IgG was used to determine IgG
synthesis in the central nervous system (CNS). CSF and
serum concentrations of albumin and IgG were measured
in carefully diagnosed patients with DAT and in neuro-
logical controls without organic disease (see below). Be-
cause age, sex and low-dose alcohol consumption [esti-
mated by the indirect alcohol parameters mean corpus-
cular volume (MCV) and gamma-glutamyltranspeptidase
(GGT)], have recently been found to influence BCB
permeability [23], the control group was closely matched
with respect to these parameters.

Patients and Methods

Twenty-five patients (11 males, 14 females) from the De-
partment of Psychiatry, University of Wiirzburg, were
selected. They had a mean age (+ SD) of 69.1 % 8.3 years
(range 52-81). These patients fulfilled the NINCDS/
ADRDA criteria for probable DAT [29]. They were
hospitalized for a period of 2-3 weeks for diagnostic evalu-
ation. Diagnostic assessment included history, physical,
neurological and psychiatric examination and routine
laboratory tests (including thyroid hormone levels, vita-
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mine By, and folate). The modified Hachinski ischaemic
score (score < 4) was used to exclude multi-infarct de-
mentia [33]. Further selection was based on CT scans in
all patients showing only cerebral atrophy, ventricular
dilatation and no more than one lacunar infarction, if ab-
normal. In no case were there territorial infarctions.
Furthermore, brain mapping of the EEG and acoustically
evoked potentials was always consistent with DAT [27],
showing a slowing and an anteriorization of the peak fre-
quency and an increase in slow wave activity and typi-
cally an anteriorjzation and decreased amplitude of the
P300 wave [28]. In most patients, single photon emission
computed tomography with technetium 99m-hexamethyl-
propylene-amine-oxime (HMPAO-SPECT) was perform-
ed and did not reveal signs of multifocal flow deficits.
Typically, temporoparietal and/or frontal flow deficits
were found [12]. CSF analysis (cytology, isoelectric focus-
ing, microbiological investigations, viral titres) did not
reveal signs of a chronic inflammatory process. All pa-
tients were investigated with a battery of neuropsycho-
logical tests for cognitive functions, language, apraxia,
agnosia, visuospatial abilities, mood and behavioural
changes (short performance test, subtests from the Wechs-
ler Adult Intelligence Scale, Shopping List Task, Picture
Object Test, Mini Mental State Examination (MMSE),
Alzheimer Disease Assessment Scale, Brief Cognitive
Rating Scale). The estimated duration of the disease was
obtained from information provided by relatives or care-
givers. The patients had a mean duration of disease
+ SD) of 3.1 £ 1.3 years (range: 1-6). For the present in-
vestigation, the stage of mental impairment was assessed
by means of the MMSE [10]. The patients were mildly to
severely demented (mean MMSE score + SD: 16.2 +5.5;
range: 9-25). When subdivided into three groups of sev-
erity, 8 patients had a severe dementia (0-10 points), 10
had a moderate dementia (11-20 points) and 7 a mild
dementia (> 20 points).

As the control group, 25 hospitalized patients (10
males, 15 females) were taken from a large series of sub-
jects [23]. They had a mean age (+ SD) of 68.8+5.7 years
(range: 61-81). These patients originally were admitted
to the hospital with non-specific complaints such as dizzi-
ness, headache or neurotic complaints. None of the pa-
tients had previously had an operation on or near the
CNS, e.g. lumbar disc surgery. Standard neurological
examination showed no indication of pathology. The re-
sults from a CT scan were within normal limits, except
for evidence of brain atrophy in some patients. CSF anal-
ysis showed a total white cell count below 5 cells/pl; each
CSF sample was clear and colourless, and isoelectric focus-
ing on polyacrylamide gels revealed no evidence of oligo-
clonal bands.

The CSF was taken during routine lumbar puncture
performed for diagnostic purposes in the morning after
overnight fasting. Blood samples were drawn at the same
time and assayed simultaneously.

For all patients, the following parameters were deter-
mined: MCV, serum GGT as objective, albeit indirect,
alcohol parameters [23], serum glutamic oxaloacetic trans-
aminase (GOT), serum glutamic pyruvic transaminase
(GPT), serum concentration if albumin and IgG, CSF

concentration of albumin and IgG. Concentrations of al-
bumin and IgG were determined by an immunonephelo-
metric method using a Beckman nephelometer. The
other parameters were determined by routine laboratory
analysis.

The function of the BCB was evaluated according to
Reiber [32]. Since albumin is exclusively synthesized out-
side the CNS [9, 32] and must pass through the BCB to
enter the CSF, the relative BCB permeability for high-
molecular-weight proteins was assessed by the CSF/serum
albumin ratio. The CSF/serum IgG ratio was used to de-
termine intrathecal synthesis of immunoglobulins. The
IgG index was calculated [36]. The two ratios and the
IgG index were used as the primary dependent variables
of the present study.

All values were expressed as means * standard de-
viation. Non-parametric statistics (Mann-Whitney U-
test) were used to evaluate significant group differences
between the DAT and control groups. Correlation coef-
ficients were calculated according to Spearman. The level
of significance was taken at P <0.05.

Results

The clinical characteristics of the DAT patients and con-
trol subjects are summarized in Table 1. DAT patients
and control subjects were closely matched with respect
to age, sex distribution and the indirect alcohol paramet-
ers MCV and GGT. They did not differ with respect to
GPT and GOT activity.

The dependent variables are summarized in Table 2.
The primary dependent variables, i.e. albumin ratio,

Table 1. Characteristics of control subjects and patients with de-
mentia of Alzheimer type

Parameter Controls DAT
patients
n 25 25
Age (years) 68.8+ 5.7 69.1+ 83
Range (years) 52-81 61-81
Sex (m/f) 10715 11/14
Severity of dementia
MMSE score 16.1+ 3.5
Mild (frequency) 7
Moderate (frequency) 10
Severe (frequency) 8
Duration of disease (years) 31+ 13
Range 1-6
MCV (fl) 90.8x 5.5 9.2+ 45
GGT (units/1) 19.4+11.5 14.9+10.8
GOT (units/1) 11.2+ 6.0 9.6 7
GPT (units/1) 119+ 6.1 12.6£17.3

Values given as mean * standard deviation; No significant differ-
ences were found (P >0.10). MMSE, Mini Mental State Examina-
tion; MCV, mean corpuscular volume; GGT, gamma-glutamyl-
transpeptidase; GOT, glutamic oxaloacetic transaminase; GPT,
glutamic pyruvic transaminase



Table 2. CSF and serum protein concentrations of control subjects
and DAT patients

Parameter Controls DAT
patients

n 25 25

Albumin ratio 5.16+1.31 6.37 £3.04

IgG ratio 2.43+0.64 2.98+1.73

IgG index 0.48 +£0.08 0.45+0.15

Serum albumin (g/dl) 3.61+0.63 3.99 + 0.49*

Serum IgG (g/dl) 1.00 £0.27 1.28 £0.54*

CSF albumin (mg/dl) 18.31+0.44 24.70 = 1.02*

CSFIgG (mg/dl) 2.37x0.72 3.36 +1.47*

Values given as mean =+ standard deviation

* Significantly different from control subjects (P<0.05 by Mann-
Whitney U-test)

IgG ratio and the IgG index, did not differ significantly
between the groups (P > 0.10 by Mann-Whitney U-test).
However, absolute serum concentrations of albumin and
IgG, and similarly, absolute CSF concentrations of albu-
min and IgG were increased in the DAT patients (P <
0.05 by Mann-Whitney U-test). Because of the known
dependence of the BCB permeability on age, 11 age-
matched pairs were selected from the present sample of
patients and controls (mean age = SD: 71.6 + 5.9; range:
61-81). Neither the albumin nor the IgG ratio was sig-
nificantly different in this subset of samples (P > 0.10 by
t-test for paired samples).

The CSF albumin concentration was significantly and
positively correlated with the CSF IgG concentration in
both the control group (r = 0.47, P < 0.05) and the DAT
patients (r=0.88, P<0.0001). As known from basic
physiological studies [13, 32], the albumin ratio was found
to correlate strongly and positively with the 1gG ratio in
the control group (r =0.83, P < 0.0001) as well as in the
DAT patients (r=0.94, P <0.0001). Only 2 DAT pa-
tients had albumin and IgG ratios which were more than
2 SD above the respective means.

The duration of disease did not correlate with the al-
bumin ratio (P> 0.10) or the IgG ratio (P>0.10), nor
with the CSF concentration of albumin (P> 0.10). The
MMSE score as a measure of the severity of dementia
did not correlate either with the albumin ratio (P > 0.10)
or the 1gG ratio (P >0.10), or with the CSF concentra-
tion of albumin or IgG (P> 0.10).

Discussion

The increased absolute concentrations of CSF and/or
serum albumin and IgG in DAT in the present study agree
with the results of some earlier studies [1, 6, 8]. The focus
of the present investigation, however, was not on a com-
parison of the absolute concentrations of these proteins,
but on the function of the BCB with respect to high-mole-
cular-weight proteins, which can be reliably assessed by
the CSF/serum ratios of albumin and IgG [9, 32]. In the
present study, albumin and IgG ratios of the DAT group
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were not significantly different from controls, indicating
an intact BCB function for high-molecular-weight pro-
teins in DAT. The present control group was compara-
ble to the DAT group with respect to all of the factors in-
fluencing BCB function; all dependent variables for the
control group were in the range of results from previous
studies [5, 20] and also comparable to healthy volunteers
[3].

The conflicting results of earlier studies may have
several reasons:

1. The classification of demented patients as suffering
from DAT may not have been accurate enough in earlier
studies. Since the introduction of standardized research
criteria [29] plus the additional use of CT and neuropsy-
chological tests, diagnostic accuracy can be increased to
87-89% [30, 39].

2. The selection of an adequate control group is difficult
in hospitalized patients. In only one study [22] did heal-
thy non-hospitalized subjects volunteer for a lumbar punc-
ture. However, even in these subjects a possible influence
of long-standing, low-dose alcohol consumption had not
been considered, which has been recognized as contribut-
ing to BCB damage [23].

3. Because of the strong influence of the so-far identified
covariates of BCB function, a close matching of DAT
patients and controls appears mandatory. This had not
been achieved in two previous studies [1, 24], precluding
a definite interpretation of results.

All these prerequisites have been fulfilled in the present
study, therefore validating considerably previous reports
of an integrity of the BCB in DAT. Furthermore, no cor-
relation of the BCB permeability with the duration of
disease or the severity of dementia could be demonstrated,
again indicating the lack of an association with the patho-
genetic process in DAT. In addition, positron emission
tomography with rubidium 82 or gallium 68-EDTA did
not reveal an abnormal BCB permeability in DAT pa-
tients [11, 34].

Markers of immunological mechanisms in the CNS,
the IgG ratio and the IgG index, were not elevated in the
DAT group. Similar results were obtained earlier [1, 8,
20, 22, 24]. However, an immunological mediator, inter-
leukin-1, is elevated in DAT brain [16] and involved in
amyloid precursor protein gene expression [17]. Recently,
a substance has been identified in human serum and CSF
that is immunoreactive with the amyloid precursor pep-
tide and appears to be an IgG. Although the concentra-
tion of the immunoreactive material in serum was higher
than in CSF, no differences between controls and DAT
could be found, thus arguing against an impaired BCB
function [31]. However, an intact BCB does not rule out
the possibility that substances from the serum penetrate
the BCB and interact with neuronal function in the brain.

In summary, the present findings do not support the
hypothesis of a compromised BCB function for high-
molecular-weight proteins with subsequently increased
leakage of serum proteins or of immunologically mediated
injury of the CNS as pathogenetic mechanisms in DAT.
Further, BCB function is not correlated to the severity
of dementia.
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