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Serum levels of albumin-amyloid beta complexes are
decreased in Alzheimer’s disease

Keiichi Yamamoto,! Hiroyuki Shimada,! Hideo Koh,? Suzuka Ataka! and Takami Miki’

Departments of 'Geriatric Medicine and Neurology and 2Hematology, Osaka City University Graduate School of Medicine, Osaka, Japan

Aim: Decreased amyloid B (AB) clearance from the brain to blood might play a key role in the development of
Alzheimer’s disease (AD). AB is normally bound to and transported by albumin in blood, thus possibly maintaining
constant concentration of free AP in the blood. We therefore hypothesized that decreased blood levels of albumin-Af
complexes could be associated with decreased AP removal from the brain to blood, resulting in AB accumulation in
the brain.

Methods: We carried out a cross-sectional investigation of the association between serum levels of albumin-Af
complexes (SLAAC) and AD prevalence in 89 patients who visited our outpatient clinic, and gave written informed
consent between August 2008 and May 2012.

Results: We confirmed 45 cases of AD. Low SLAAC was associated with an increased prevalence of AD (OR 0.27;
95% CI 0.14-0.51) in a univariable logistic model and multivariable logistic models. In addition, decreased SLAAC
was associated with decreased levels of AB42 in CSF (r=0.38, P =0.0221) and increased levels of p-tau in CSF

(r=-0.43, P = 0.0090), findings that have been shown to be associated with AD progression.

Conclusions: This novel method might be very useful for monitoring of the progression of AD. Geriatr Gerontol

Int 2014; 14: 716-723.

Keywords: albumin, Alzheimer’s disease, amyloid B, biomarkers, serum.

Introduction

The incidence of Alzheimer’s disease (AD) is increasing
rapidly in many developed countries, and is a serious
and growing medical, social, and economic problem
that requires urgent resolution.” It is well known that
the pathological changes in AD, characterized by neo-
cortical neurofibrillary tangles and senile plaques com-
posed of amyloid B (AB), precede the occurrence of
clinical symptoms by several years.? In order to carry out
earlier therapeutic interventions for AD, it is important
to diagnose AD at an earlier stage.® The diagnosis of AD
is currently based on clinical symptoms and neuropsy-
chological testing.* However, by the time a clinical diag-
nosis is made, significant and irreversible pathological
changes have already occurred in the brain, and as a
result several therapeutic interventions for AD have
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failed.>® There is therefore an increasing need for earlier
and more specific diagnosis.

Several epidemiological studies have reported that the
specific neuropathological findings of AD are strongly
associated with increased levels of total tau and p-tau,
and decreased levels of the 42 amino acid isoform of
amyloid B (AB42) in the cerebrospinal fluid (CSF) of
patients with AD.”® Recently, it has been reported that
use of positron emission tomography to image brain Af
plagues with the amyloid tracer, Pittsburgh com-
pound B, might be a useful tool to diagnose asymptom-
atic AD.° However, a spinal tap and/or a positron
emission tomography scan are less feasible when
screening large populations because of the invasive
nature of the procedure and high cost. Although there
are many reports on the utility of plasma levels of free
AP or apolipoprotein E (ApoE) phenotype/genotype in
the diagnosis of AD, their usefulness has not been
established.'*** Therefore development of a novel, non-
invasive method for diagnosing AD is warranted.

Although the mechanisms underlying the develop-
ment of AD remain unclear, several hypotheses have
been proposed and debated.’ Recent evidence suggests
that decreased AP clearance from the brain might be

© 2013 Japan Geriatrics Society
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involved in the development of the late-onset form of
AD, leading to AP accumulation in the central nervous
system.” Of the supposed mechanisms of AP clearance
from the brain, the “sink hypothesis” has been pro-
posed: AB shifts from the brain into the blood in the
direction of the AB concentration gradient between the
brain and blood decreasing.'®" Based on this hypoth-
esis, only one clinical trial has been carried out on the
efficacy of lowering peripheral AB levels in patients with
AD.? However, to date, the efficacy of this intervention
has not been confirmed.

On the basis of these observations, AB clearance from
the central nervous system might play a pivotal role in
the development of AD. Under physiological condi-
tions, AP is normally bound to and transported by
albumin in the blood, thus possibly maintaining a con-
stant free AB concentration in the blood.?! In addition, it
is widely known that the mean level of serum albumin
does not differ between AD patients and the healthy
population.”” Taking these factors into consideration, a
reduction in the ability of albumin to bind AB in blood
can be pathophysiologically considered to be one cause
of decreased AP clearance from the brain. We thus
hypothesized that decreased levels of albumin-Af com-
plexes in the blood might be associated with the devel-
opment of AD. To our knowledge, no study has
examined the relationship between levels of serum
albumin-AB complex and AD. Here, we first carried out
a cross-sectional investigation into whether serum levels
of albumin-AB complex were associated with AD in
patients who visited a Japanese neurology outpatient
clinic.

Methods

Study participants and sample collection

The study population consisted of 45 consecutive AD
patients and 44 consecutive age-matched patients
without cognitive impairment who visited the neurology
outpatient clinic at Osaka City University Hospital,
Osaka, Japan, between August 2008 and May 2012, and
provided written informed consent to undergo genetic
studies. Blood and/or CSF samples from the partici-
pants were collected and preserved at —80°C at enrol-
ment. The stored samples consisted of 89 serum
samples, and 36 plasma and CSF samples. Of the 36
CSF samples, five samples were insufficient for us to
carry out all the necessary tests. The protocol for the
present study was approved by the Human Subjects
Review Committee at Osaka City University.

Definition

Cognitive function and Mini-Mental State Examination
(MMSE) were clinically assessed in all patients. AD was

© 2013 Japan Geriatrics Society

recognized if patients fulfilled the clinical criteria for
probable AD proposed by the National Institute of
Neurological and Communicative Disorders and Stroke
and the Alzheimer’s Disease and Related Disorders
Association.” The control group consisted of patients
with non-dementia diseases, including osteoporosis,
hypertension and hyperlipidemia, none of whom com-
plained of forgetfulness or cognitive decline.

Data measurements

ApoL phenotyping and albumin level in serum and CSF

ApoE phenotyping was determined by isoelectric focus-
ing carried out at SRL, Tokyo, Japan?* The serum
albumin level was measured using the improved BCP
method, and the CSF albumin level was measured using
immunonephelometry, carried out at SRL, Tokyo,
Japan_zs,%

AP40 and AP42 levels in plasma and CSF, and total tau
and phosphorylated tau 181 levels in CSF

Levels of AB40 and AB42 in plasma and CSF, and levels
of total tau and p-tau in CSF were measured by com-
mercial enzyme-linked immunosorbent assay (ELISA)
kits (Human BAmyloid1-40 ELISA Kit, Human
BAmyloid1-42 ELISA Kit, Wako Pure Chemical Indus-
tries, Japan; Innotest hTau Ag, Innotest Phosphotau
[181P]; Innogenetics, Gent, Belgium) carried out at
SRL, Tokyo, Japan, according to the manufacturer’s
protocol.

Immunoprecipitation to prove the existence of albumin-ApB
complexes in serum

Serum (2 pL) from the control group, as well as patients
with AD, was diluted 1:100 with Tris-buffered saline
and incubated with 0.6 umol/LL AB1-42 peptide
(Peptide, Osaka, Japan) or equivalent Tris-buffered
saline at 37°C for 1 h. Albumin-AB complexes in the
samples were immunoprecipitated with 1 pg of 6E10
antibody (or control mouse immunoglobulin G as the
negative control) and 20 puL of protein G agarose
(Thermo, Yokohama, Japan) at 4°C overnight. After
centrifugation for 2 min at 2500 x g, the precipitates
were washed four times with 0.05% Tween 20 in Tris-
buffered saline and once with Tris-buffered saline,
and then boiled for S min in sodium dodecylsulfate
sample buffer. The elutes were subjected to sodium
dodecylsulfate-polyacrylamide gel electrophoresis with
10% Tricine gel and transferred to polyvinylidene
difluoride membranes (Millipore, Billerica, MA, USA).
Non-specific binding was blocked with 5% skimmed
milk solution in Tris-buffered saline containing Tween
20. Albumin-AB complexes were probed with purified
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anti-human albumin polyclonal antibody, followed by
horseradish peroxidase (HRP)-labeled second antibody
and the chemiluminescent substrate. Signals were visu-
alized using a LAS-3000 luminescent image analyzer
(Fujifilm, Tokyo, Japan). Densitometric measurements
were carried out by Fotodyne visionary documentation
system (Fotodyne, Hartland, WI, USA; Fig. 1).

Albumin-AB complex level in serum and CSF

We measured the serum level of albumin-AB complexes
(SLAAC) using a specific sandwich ELISA that uses
anti-human AP N-terminal monoclonal antibody
(BANSO0) and anti-human albumin purified polyclonal
antibody. Briefly, serum samples were diluted 1:400 and
CSF samples were diluted 1:4 with Tris-buffered saline
before loading. A 100-pL aliquot from each diluted

718 |

Figure 1 (a) Representative image of immunoblotting
analysis of immunoprecipitated albumin-Af complexes

in the serum of normal control individuals and patients
with Alzheimer’s disease, and (b) the densitometric
measurements. (c) Representative standard curve for
sandwich enzyme-linked immunosorbent assay (ELISA).
Diluted serum of control individuals and AD patients were
incubated with AB1-42 peptide or equivalent Tris-buffered
saline. Albumin-Af complexes in the samples were
immunoprecipitated with 6E10 antibody (or control mouse
immunoglobulin G as negative control) and protein G
agarose. The precipitates were washed and eluted. The
elutes were subjected to sodium dodecylsulfate-
polyacrylamide gel electrophoresis and transferred to
membranes. (a) Albumin-Af complexes were probed with
anti-human albumin polyclonal antibody, followed by
horseradish peroxidase-labeled second antibody and the
chemiluminescent substrate. The densitometric
measurements were carried out in three persons per group.
(b) The value of density of albumin (NC) + AB was set to
one. To create a standard curve for ELISA, we prepared
albumin for intravenous injection as a reference standard.
Sandwich ELISA detected a signal from the albumin
preparation, which decreased in a linear fashion in the
serially diluted standard. (c) Levels of albumin-Af complexes
detected were expressed as albumin preparation equivalent
concentration.

<
«

sample was loaded into a microwell strip coated with
BANSO, contained within a commercial kit (Human
BAmyloid1-42 ELISA Kit; Wako Pure Chemical Indus-
tries, Osaka, Japan). The plates were covered and incu-
bated for 60 min at 37°C before being washed four
times with 0.05% Tween 20 in Tris-buffered saline.
After washing, 100 uL. of purified, HRP-conjugated
anti-human albumin polyclonal antibody (A80-129P,
Bethyl Laboratories, Montgomery, TX, USA) diluted
1:30000 with 10% BlockAce (Snow Brand, Tokyo,
Japan) was added to the microwell strips, which were
incubated for 60 min at 37°C. After subsequent
washing, 100 uL of the 3, 3’, 5, 5’-tetramethylbenzidine
substrate (Wako Pure Chemical Industries) was added,
and the strips were incubated for a further 15 min at
37°C. Acid solution (100 pL; Wako Pure Chemical
Industries) was then added to each well to terminate the
enzyme reaction and stabilize the developed color. The
optical density of each well was then measured at
450 nm using an ARVO-2 microplate reader (Perkin
Elmer, Yokohama, Japan). The assay was carried out
twice and averaged. The intra- and interassay coeffi-
cients of variability was 5.1% and 13.8%, respectively.

Standard curve for albumin preparation in the
sandwich ELISA

To create a standard curve for the ELISA, we prepared
albumin preparation for intravenous injection (Benesis
Corporation, Osaka, Japan) as a reference standard. The

© 2013 Japan Geriatrics Society
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sandwich ELISA successfully detected a signal from
the albumin preparation, which decreased in a linear
manner in the serially diluted standard. The standard
curves in the present study were linear with 7= 0.96—
0.99. The levels of albumin-AB complexes in serum
and CSF were expressed as the albumin preparation-
equivalent concentration from a standard curve based
on reference standards. The detection limit in serum
and CSF was as low as 2.5 mg/mL and 25ug/mL equiva-
lent to albumin preparation, respectively. The concen-
tration of albumin-AB complexes below the lower
detection limit were set to zero. (Fig. 1)

Statistical analysis

To examine that difference between AD and the control
groups, we used unpaired #-tests for continuous vari-
ables and y?-tests for categorical variables. Pearson’s
correlation coefficients were calculated to assess the
association between two normally distributed variables.
Univariable and multiple logistic regression analysis
were used to estimate the odds ratio for the prevalence
of AD. Non-linear effects of continuous, independent
variables were evaluated using quadratic and log trans-
formations. Multicollinearity was assessed with the use
of a variance inflation factor. A variance inflation factor
exceeding 10 is regarded as indicating serious multicol-
linearity, and values >5.0 might be a cause for concern.””
We calculated the 95% confidence interval for each
odds ratio. All statistical tests were interpreted at the
5% significance level. All P-values and 95% confidence
intervals were two-sided. All statistical analyses were
carried out using the SPSs 12.0 software package (SPSS,
Chicago, IL, USA).

Results

Immunoprecipitation to prove the existence of
albumin-Ap complexes in serum

To prove the presence of albumin-AB complexes in
serum, we carried out immunoprecipitation with 6E10:
mouse anti-human AB N-terminal monoclonal anti-
body (Sigma-Aldrich, St. Louis, MO, USA). We were
able to suggest the existence of endogenous
albumin-AB complexes in sera of both AD patients and
control individuals by western blot analysis using anti-
human albumin purified polyclonal antibody. In addi-
tion, we suggested that the serum albumin of control
individuals had higher binding ability to exogenous
AP1-42 than the serum of AD patients (Fig. 1).

Background characteristics of study participants
The characteristics of study participants are summa-

rized in Table 1. Among the 89 eligible participants, we

© 2013 Japan Geriatrics Society

confirmed 45 (50.6%) cases of AD. The mean value of
the MMSE score was significantly lower in the AD
group than in the control group. The prevalence of
ApoE4 was significantly higher in the AD group than in
the control group. No significant differences in age or
sex were found between these groups.

The mean values of serum albumin were similar
between AD and the control group. The mean SLAAC
was significantly lower in the AD group than the control
group (Table 1, Fig. S1). The mean values of the serum
albumin-Af complex and the ratio of serum
albumin-AB complexes to serum albumin were signifi-
cantly lower in the AD group than in the control group.

Data on plasma and cerebrospinal fluid samples were
assessed in 13 and 23 participants of the control group
and the AD group, respectively. In five AD patients, data
on both CSF albumin and CSF albumin-AB complex
levels were not available as a result of low sample
volumes. The mean values of plasma AB40 and AB42
did not differ between the AD and control groups. In
these 36 participants, the AD group had significantly
lower CSF AP42 levels than did the control group. The
mean values of CSF AB40 levels were similar in the AD
and control groups. The mean values of CSF tau and
p-tau were significantly higher in the AD group than the
control group. In the 31 participants who had complete
CSF biomarker data, the mean values for CSF albumin
and albumin-AB complex levels did not differ between
the AD and control groups. Furthermore, the mean
values of the CSF albumin-AB complex and the ratio of
CSF albumin-Af complexes to CSF albumin did not
differ between these groups. (Table 1)

Univariable and multiple logistic
regression analyses

In the logistic regression analyses, use of quadratic or
log transformations of all continuous variables in all
models did not result in an improvement in fit com-
pared with the linear model. In the univariable logistic
models, both higher serum albumin-Af complexes and
the ratio of serum albumin-AB complexes to serum
albumin were associated with decreased odds of AD.
Serum albumin, plasma AB40 and plasma AP42 levels
were not significantly associated with the prevalence of
AD. Higher CSF levels of AB42 were associated with a
decreased odds of AD. Higher CSF tau and p-tau levels
were associated with increased odds of AD. CSF AB40,
CSF albumin, CSF Albumin-Af complex and CSF
Albumin-AB complex per unit CSF albumin were not
significantly associated with the prevalence of AD.
(Table 2)

In the multiple logistic models, we examined the rela-
tionship between SLAAC and the prevalence of AD.
Higher SLAAC was independently associated with a
decreased odds of AD, even after adjusting for age, sex,
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Table 1 Characteristics of the study participants

Characteristics Control (n = 44) Alzheimer’s disease (n = 45) P-value
(n=44/n = 13) (n =45/n=23) (n=89/n=36)
Age (years) 73.84 + 8.03/71.08 £10.36 73.71 £10.48/69.65+11.33  0.9479/0.7112
Sex
Male (r) 10/5 13/6 0.5068/0.4388
Female (n) 34/8 32/17
MMSE score 27.34£2.44/25.69+2.18  18.18 +4.97/19.78 £5.78 <0.0001/0.0012

Serum albumin (g/dL)
Serum albumin-Af complex (mg/mL
equivalent to albumin preparation)
Serum albumin-AB
complex/serum albumin
Serum ApoE allele

4.15£0.30/3.93 £ 0.24
13.48 £ 8.01/14.69 £ 9.12

0.33 £ 0.20/0.38 £ 0.23

4.13+0.31/4.13 £0.28
6.18 £5.15/6.54 +£5.79

0.15 +0.13/0.16 £ 0.15

0.7433/0.0396
<0.0001/0.0024

<0.0001/0.0020

E4=0 (n) 33/10 16/7 0.0004/0.0073
E4=1o0r2 (n 11/3 28/16
Plasma AB40 (pmol/L) —/47.98 +12.39 ~/49.65 +17.27 ~/0.7603
Plasma AB42 (pmol/L) -/5.95 + 3.42 —-/6.02 £ 8.30 -/0.9792
CSF AB40 (pmol/L) —/1514.77 + 347.96 ~/1646.96 £ 386.13 -/0.3144
CSF AB42 (pmol/L) -/166.38 £ 52.35 —/85.44 £ 24.53 —/<0.0001
CSF total tau (pg/mL) —/208.85 £ 86.24 —/542.65 +196.40 —/<0.0001
CSF phosphorylated tau (pg/mlL) -/48.59 £17.54 —/111.26 + 44.33 -/0.0001
CSF albumin (mg/mL)* -/0.28 £ 0.16 —/0.22 £ 0.10 -/0.2036
CSF albumin-AB complex —/0.43 £ 0.09 ~/0.39+£0.10 -/0.2523
(mg/mL equivalent to
albumin preparation)?
CSF albumin-AB complex/ -/1.84+£0.77 -/1.99+0.73 ~/0.5942

CSF albumin®

Data are number or mean + SD (n = 89). Data on plasma and cerebrospinal fluid samples were evaluated in 13 patients in the
control group (n = 44) and 23 of the patients with Alzheimer’s disease (n = 45). TData on cerebrospinal fluid (CSF) albumin,
albumin-AB complex, and albumin-Af complex/CSF albumin were evaluated in 13 patients in the control group and 18
patients with Alzheimer’s disease. Apo E, apolipoprotein E; MMSE, Mini-Mental State Examination.

ApoE genotypes or other blood biomarkers including
serum albumin, plasma AB40 and plasma AB42. (Model
1-3 Table 3)

Correlation between serum albumin-Ap complex
and CSF p-tau

There was a negative correlation between SLAAC and
CSF p-tau levels, and positive correlation between
SLAAC and CSF AB42 levels or Mini-Mental State
Examination scores (Fig. 2).

Discussion

In the present study, we first showed that decreased
SLAAC was strongly associated with a higher preva-
lence of AD. This assocjation was independent of age,
sex, and ApoE4 allele. In addition, decreased SLAAC
was correlated with decreased levels of AB42 in the CSF
and increased levels of p-tau in the CSF, findings that
have been shown to be associated with specific neuro-
pathological findings and AD progression.”#2
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Our data on serum albumin concurred with previous
reports that showed no difference in levels of serum
albumin between patients with AD and control indi-
viduals.”? Two recent studies reported that levels of
plasma-free AB40 and AB42 in AD patients and controls
did not differ.’" Again, our data on plasma-free AB40
and AB42 are similar. No study has examined the asso-
ciation between the serum albumin-Af complex and
AD. In the present study, we investigated this associa-
tion for the first time, and found that low serum levels of
the albumin-Af complex were associated with a higher
prevalence of AD. In addition, we suggested that the
serum of control individuals had higher binding ability
to AB1-42 than that of AD patients. Some studies have
reported that human serum albumin is modified by
several factors, such as oxidation and glycation.?3
These findings suggest that a decrease in AB binding to
albumin in the blood could lead to a decrease in the
capacity for AR excretion from the brain to the blood,
resulting in AB accumulation in the brain. In contrast,
levels of the albumin-AB complex were much lower, and
free AB levels were much higher in CSF than that in

© 2013 Japan Geriatrics Society
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Table 2 Univariable logistic models of prevalence of Alzheimer’s disease in relation to baseline variables in all
study participants and in the participants with plasma and cerebrospinal fluid samples data

Variables Odds ratios (95% CI) P value
n=89/n=36 n=89/n =236
Age 0.99 (0.65-1.50)/0.87 (0.43-1.78) 0.9472/0.7023
Female gender 0.72 (0.28-1.88)/1.77 (0.41-7.58) 0.5076/0.4412
MMSE score 0.01 (0.00-0.07)/0.30 (0.00-0.32) <0.0001/0.0036

Serum albumin

Serum Albumin-AB complex

Serum Albumin-AB complex/serum albumin
Serum ApoE4 allele

Plasma AB40

Plasma AB42

CSF AB40

CSF AB42

CSF total tau

CSF phosphorylated tau

CSF albumin?

CSF Albumin-AB complext

CSF Albumin-AB complex/CSF albumin®

0.93 (0.61-1.42)/2.21 (0.99-4.91)
0.27 (0.14-0.51)/0.29 (0.11-0.75)
0.28 (0.15-0.54)/0.29 (0.11-0.75)
4.94 (1.99-12.28)/7.62 (1.59-36.49)
—/1.12 (0.56-2.23)
~/1.01 (0.50-2.02)
~/1.48 (0.69-3.17)
~/0.014 (0.001-0.34)
~/105.46 (4.06-2741.18)
~1624.46 (7.23-53918.09)
~/0.61 (0.29-1.32)
—/0.62 (0.27-1.40)
~/1.15 (0.56-2.34)

0.7400/0.0518
<0.0001/0.0112
0.0001/0.0112
0.0006/0.0111
-/0.7523
—-/0.9785
—-/0.3096
-/0.0089
-/0.0051
-/0.0047
-/0.2117
-/0.2501
-/0.7025

Qdds ratios for continuous variables reflect a 1-SD-magnitude increase (n = 89, data on the left of the slash; n = 36, data on the
right of the slash), TData on cerebrospinal fluid (CSF) albumin, albumin-Ap complex and albumin-Af complex/CSF albumin
were evaluated in 13 patients in the control group and 18 patients with Alzheimer’s disease. Apo E, apolipoprotein E; MMSE,

Mini-Mental State Examination.

Table 3 Multivariable models of prevalence of Alzheimer’s disease in
relation to baseline values including serum albumin-Af complexes, ApoE
genotype, and other blood biomarkers in all the study participants and in
the participants with plasma sample data

Variables in the models Multiple-adjusted P value
odds ratios (95% CI)
Model 1 (n = 89)
Serum albumin-Af complexes 0.26 (0.13-0.50) <0.0001
Serum ApoE4 allele 5.71 (1.94-16.84) 0.0016
Age 0.97 (0.92-1.03) 0.2956
Female gender 0.72 (0.22-2.42) 0.5975
Model 2 (n = 89)
Serum Albumin-Af complexes 0.27 (0.14-0.52) 0.0001
Serum ApoE4 allele 5.73 (1.97-16.69) 0.0014
Serum albumin 0.74 (0.42-1.28) 0.2782
Model 3 (n = 36)
Serum Albumin-Af complexes 0.18 (0.051-0.65) 0.0084
Serum ApoE4 allele 30.52 (2.40-388.75) 0.0085
Plasma AB40 0.56 (0.19-1.68) 0.299%4
Plasma APB42 1.93 (0.14-25.81) 0.6189

Odds ratios for continuous variables reflect a 1-SD-magnitude increase (n = 89, data
shown in Model 1,2; n = 36, data shown in Model 3. Apo E, apolipoprotein E.

blood in both AD and control groups in the present
study. This might indicate that most Af is free in the
CSF, and binds to albumin after translocation into
blood. These observations are consistent with the
mechanism advocated by the sink hypothesis.'**

© 2013 Japan Geriatrics Society

The present study had some potential limitations.
First, we cannot conclusively attribute cause-and-effect
relationships because of the cross-sectional nature of
our data. Second, we cannot ascertain whether SLAAC

is low in other diseases characterized by cognitive
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Figure 2 Correlation between (a) serum levels of
albumin-AB complexes and cerebrospinal fluid AB42 level,
and (b) between serum levels of albumin-Af complexes and
cerebrospinal fluid p-tau level in participants with
cerebrospinal fluid sample data (n = 36).

decline without an AB burden, such as frontotemporal
lobar degeneration.”

In the present study, we found that low SLAAC is
associated with an increased prevalence of AD. In addi-
tion, we showed that decreased SLAAC was correlated
with increased levels of p-tau in the CSF, which was
associated with specific neuropathological findings and
progression of AD. Therefore, this non-invasive and
convenient novel method might be very useful for
monitoring of the progression of AD. Furthermore,
these findings might be able to explain the mechanism
how AB is accumulated in AD brain. Less binding ability
of serum albumin to AB in AD patients cloud slow the
clearance of AB from the CNS.

The mechanism by which AB binds to albumin
remains to be determined. What are included in the

722 |

serum albumin and AP complex? Further research is
warranted to confirm the underlying mechanism.
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Abstract

Background

Aspiration pneumonia (AP) following cerebral infarction (CI) has been considered as one of its
most serious complications. Nevertheless, there are no reports on the association between the type or
location of CI and the incidence of AP. In addition, the association between dysphagia, which leads to
aspiration, and the type or location of CI has never been investigated. Therefore we hypothesized
that the laterality of CI affects the development of both dysphagia and AP.
Methods

We performed a retrospective cohort study to examine the association between the laterality of CI
and the incidence of dysphagia and AP in 133 patients.
Results

AP was found in 6.0% of the group with left CI and in 0.8% of the group with right CI. A
univariate logistic regression analysis revealed that left CI was a significant predictor of AP (hazard
ratio, 8.81; 95% confidence interval, 1.07-72.59; p=0.043). Left CI was a significant predictor of AP
even after adjusting for age, sex, CI type, or presence of diabetes mellitus. In addition, although the
frequency of dysphagia as the direct cause of AP did not differ according to laterality, the frequency of
AP that ensued from dysphagia in the left CI group was greater than that observed in the right CI
group.
Conclusions

The group with left CI from the motor cortex to the internal capsule complicated by dysphagia
exhibited a high risk of AP.
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Introduction

There are several well-known risk factors for aspiration pneumonia (AP), such as advanced age,
diabetes, poor oral health, dysphagia, decreased consciousness, or neurological dysfunctions,
including cerebral infarction (CI), Alzheimer disease, and Parkinson disease”. Among AP caused by
these factors, AP following stroke has been considered as one of its most serious complications,
because the mortality of stroke patients with AP is reportedly about 3 times higher than that of those
without AP?. It is considered that an earlier preventive intervention for AP following CI is important
for the improvement of the prognosis of this condition. Therefore, the early identification of high-risk
groups with AP after stroke would be beneficial. Only one retrospective study has reported age, male
sex, dysphagia, and nonlacunar stroke as independent predictors of post-Cl pneumonia®. However,
these findings have not been confirmed.

CI is pathogenetically categorized into 3 subtypes: lacunar ischemic, atheromatous thrombotic,
and embolic stroke. Other subtypes are based on the location of CI: cerebral cortex, deep white
matter, internal capsule (including the pyramidal tract and corticobulbar tract), brain stem, basal
ganglia, and cerebellum. To our knowledge, there are no reports on the association between the type
or location of CI and the incidence of AP. In addition, the association between dysphagia, which leads
to aspiration, and the type and/or location of CI has never been investigated.

Swallowing and speaking movements are performed in part using the same muscles, which are
controlled by the corticobulbar tracts that descend from the cortex to the brain stem. The functional
impairment of these movements results in dysphagia and dysarthria, respectively. Only 1 prospective
study examined the association between dysarthria and CI type and location®. That study showed
that the prevalence of dysarthria after left hemisphere CI was higher than that observed after right
hemisphere CI, which may indicate a relation between the laterality of CI and the development of
dysarthria.

Based on these observations, we hypothesized that the laterality of CI affects the development of
both dysphagia and AP. Therefore, we performed a retrospective cohort study to examine the
association between the laterality of CI and the incidence of dysphagia and AP. Moreover, we

investigated the effect of CI type and location on the development of these complications.

Methods
Study Subjects

This retrospective cohort study included 170 consecutive patients with no history of previous
stroke who were admitted to the neurology section of the Japanese Red Cross Society in Wakayama
between April 2004 and March 2008.

The background data of patients, including age, sex, type of CI, medical history, medication
history, and presence of diabetes, dysphagia, and AP, were collected based on electronic medical
records from admission to discharge.

The diagnosis of CI was established using both 1.5 T magnetic resonance imaging (MRI) and the
medical report provided by a consultant neuroradiologist after confirmation of the presence and
location of any acute CI lesion (high signal on diffusion imaging, low signal on apparent diffusion
coefficient map) within 1 week after any neurological event, such as motor paralysis, sensory paralysis,
visual field disturbance, ataxia, cranial nerve paralysis (eg, dysarthria, dysphagia, or diplopia),

dizziness, or any neuropsychological disorders (eg, aphasia or apraxia).
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Lacunar infarcts were defined as round and small (<2 cm in diameter) acute ischemic lesions
located in the basal ganglia, internal capsule, centrum semiovale, or brain stem that were accompanied
by clinical signs such as pure motor hemiparesis, pure sensory stroke, ataxic hemiparesis, dysarthria/
clumsy hand syndrome, or sensorimotor stroke. Dysphagia after CI was diagnosed by asking about
swallowing difficulties and observation of food intake. The diagnosis of pneumonia was established
based on a combination of clinical features (high fever, coughing, and rales) and radiological findings
that occurred within 30 days after stroke onset. We excluded patients with other risk factors of AP,
such as disturbance of consciousness (Glasgow Coma Scale <15), Parkinson disease, dementia,
malignant disease, periodontal disease, and alcoholism. We also excluded patients with prevention
factors for AP, such as use of angiotensin-converting enzyme (ACE) inhibitors. Finally, patients with
a history of previous CI, transient CI, or bilateral CI were not included in the study.

The study protocol was approved by the Institutional Review Board (IRB) of the Japanese Red
Cross Society in Wakayama. A written informed consent was specifically waived by the approving
IRB.

Statistical Analysis

To examine differences between the AP and non-AP groups we used unpaired ¢ tests for continuous
variables and y* tests for categorical variables.

Univariate and multiple logistic regression analyses were used to estimate the odds ratio for the
risks of AP after CI. The nonlinear effects of continuous, independent variables were evaluated using
quadratic and log transformations. Multicolinearity was assessed using a variance inflation factor. A
variance inflation factor exceeding 10 is regarded as indicating serious multicolinearity, and values
>5.0 may be a cause for concern. We calculated the 95% confidence interval (CI) for each odds ratio.
All statistical tests were interpreted at the 5% significance level. All p values and 95% Cls were two-
sided. All statistical analyses were performed using the SPSS 12.0 software package (SPSS, Chicago,
IL).

Results

Among the 170 consecutive patients, 37 were excluded based on the exclusion criteria mentioned
above: 14 patients with bilateral CI, 5 patients with disturbance of consciousness, 5 patients with
transient ischemic attack, 5 patients who were heavy drinkers, 3 patients with dementia, 3 patients
with Parkinson disease, 1 patient with esophageal cancer, 1 patient with lung cancer, 1 patient with
periodontal disease, 1 patient who was taking prednisolone, and 1 patient who was taking the ACE
inhibitor lisinopril, with some overlapping.

Patient characteristics are listed in Table 1. Among the 133 patients selected, we confirmed 9
(6.8%) cases of AP and 124 (93.2%) cases of non-AP. AP was found in 6.0% of cases in the left CI
group and in 0.8% of cases in the right CI group. Thus, the incidence of AP was significantly lower in
the latter group. All patients with AP had dysphagia. The mean age was significantly higher in
patients in the AP group compared with those in the group without pneumonia. No differences in
other background data, such as sex, CI type, location of CI, and complications (such as diabetes
mellitus), were found between these groups. Among the patients who exhibited the complication of
dysphagia (n=81), AP was present in 9.9% (n=8) of cases in the left CI group and in 1.2% (n=1) of
cases in the right CI group. This difference was significant. There were no differences in background

data such as age, sex, CI type, location of CI, and presence of diabetes mellitus.
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Table 1. Characteristics of study participants according to the development of aspiration pneumonia

Aspiration No aspiration
Total . . p value
Characteristics pneumonia pneumonia
(n=133) (n=9) (n=124)
Age, mean (range), years 71.20 (30-90) 78.67 (69-86) 70.65 (30-90) 0.029
Sex
Male, n (%) 81 (60.9) 5(3.8) 76 (57.1) 0.734
Female, n (%) 52 (39.1) 4(3.0) 48 (36.1)
Type of cerebral infarction
Lacunar infarcts, n (%) 79 (59.4) 4 (3.0) 75 (56.4) 0.346
Embolism or thrombosis, n (%) 54 (40.6) 5(3.8) 49 (36.8)
Location of cerebral infarction
From the motor cortex to the internal 83 (62.4) 8(6.0) 75 (56.4)
capsule (corticospinal and corticobulbar
tracts), n (%)
Brain stem, n (%) 15 (11.3) 0 (0.0) 15 (11.3) 0.163
Basal ganglia, n (%) 16 (12.0) 1(0.8) 15 (11.3)
Cerebellum, n (%) 5(3.8) 0(0.0) 5(3.8)
Others, n (%) 15 (11.3) 0(0.0) 14 (10.5)
Laterality of cerebral infarction
Right cerebral infarction, n (%) 66 (49.6) 1(0.8) 65 (48.9) 0.017
Left cerebral infarction, n (%) 67 (560.4) 8(6.0) 59 (44.4)
Precerebral infarction complication
Diabetes mellitus, n (%) 32(24.1) 1(0.8) 31(23.3) 0.348
Non-diabetes mellitus, n (%) 101 (75.9) 8(6.0) 93 (69.9)
Postcerebral infarction complication
Dysphagia, n (%) 81 (60.9) 9 (6.8) 72 (54.1) 0.013
Non-dysphagia, n (%) 52(39.1) 0(0.0) 52(39.1)

Data are n (%) or the mean (range).

Table 2. Univariate and multivariate analyses of risk of aspiration pneumonia in relation to the laterality
of cerebral infarction and other baseline variables (n=133)

. 0Odds ratio
Variable (95% confidence interval) p value

Univariate analysis

Left cerebral infarction (vs right) 8.81(1.07-72.59) 0.043
Age 1.11(1.01-1.22) 0.034
Sex 0.73 (0.32-4.95) 0.734
Lacunar infarction 1.91 (0.49-7.48) 0.351
Diabetes mellitus 0.38 (0.05-3.12) 0.364
Multivariate analysis
Model 1 Left cerebral infarction (vs right) 9.49 (1.12-80.07) 0.039
Age 1.11 (1.01-1.22) 0.032
Model 2 Left cerebral infarction (vs right) 8.78 (1.07-72.33) 0.043
Sex 1.23 (0.30-4.94) 0.775
Model 3 Left cerebral infarction (vs right) 8.38 (1.01-69.43) 0.049
Lacunar infarction 1.61 (0.40-6.50) 0.502
Model 4 Left cerebral infarction (vs right) 9.12 (1.10-75.45) 0.040
Diabetes mellitus 0.34 (0.04-2.91) 0.326




