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ialic acid, homocysteine and CRP: Potential markers for dementia
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a b s t r a c t

To investigate whether sialic acid could discriminate between healthy age matched controls and patients
with dementias of the Alzheimer’s type (AD), and pure vascular dementia (VaD). 27 patients and 51
controls were administered the Mini-Mental State Examination (MMSE) and had blood analyzed for levels
of total sialic acid, total homocysteine (tHcy), and C-reactive protein (CRP). Significant differences were
ccepted 15 September 2009
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found between the mean MMSE scores for patients with dementia compared with controls. Sialic acid
levels were significantly higher in patients with AD compared with controls and homocysteine levels were
higher in VaD. Sialic acid levels discriminated between patients with dementia of the Alzheimer’s type
and healthy controls only. The MMSE could discriminate between controls and patients with dementia
but not between the subtypes and homocysteine was significant for patients with VaD.
omocysteine
RP

lzheimer’s disease is considered the most prevalent type of
ementia among the elderly [18]. Its etiology is unknown, there is
o cure for this disease but early detection, and intervention may
rolong and improve the quality of life of the individual [2]. In this
egard there has been worldwide collective effort to establish a
iomarker for the disorder. One avenue currently being pursued is
hat of inflammatory markers. This is because inflammation plays
ignificant roles in early events leading to the pathogenesis of AD.
hus targeting these initial events could lead to a means of early
ntervention. One of the main players in early pathological events
s cytokines [15]. Others include C-reactive protein about which

uch has been written [9] and sialic acid. Due to the relationship
f cytokines and AD pathology volumes of information have been
enerated about the possible use of circulating cytokines in AD and
ther dementias as biological markers. However, for the most part,
he use of circulating cytokines alone has not provided the expected
utcomes and the data is quite scattered [4,19,21]. In view of the
act that risk factors associated with cardiovascular disorders such
s hypertension, diabetes and metabolic syndrome are currently

eing linked with dementia it is of interest that elderly subjects dis-
laying both metabolic syndrome and elevated cytokines displayed
ccelerating cognitive aging [30,29].
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African Caribbean populations may have a raised risk of demen-
tia because hypertension, diabetes and cerebrovascular disease
are common among them [24]. High rates of diabetes have been
reported in Barbados [10] and in Trinidad there is an increased
risk of diabetes in East Indians [14] and this too might contribute
to increased levels of dementia. Serum or plasma sialic acid (N-
acetyl neuraminic acid), an inflammatory marker, has recently been
shown to be a strong predictor of cardiovascular mortality [11,12].
It has been recently established that serum sialic acid is a potent car-
diovascular and renal risk factor as it is increased in cerebrovascular
disease and in patients with micro- and macrovascular complica-
tions of diabetes [17]. The links between sialic acid and disorders,
which are currently considered as high risk factors for dementia,
suggests that it may be a useful predictor of persons who are sus-
ceptible to developing dementia. To date in spite of the fact that it
is now known that inflammation plays a role in Alzheimer’s disease
pathology there are no reports on sialic acid levels in such patients.

The Mini-Mental State Examination (MMSE) [6] which is cur-
rently used to establish cognitive levels in populations is not able
to discriminate between vascular dementia and dementias of the
Alzheimer’s type. In order to offer care to persons who could
respond to treatments aimed at slowing down progression it is nec-
essary to establish means to discriminate among different types of
dementias. This is indeed a high priority area in the field of demen-

tia research.

High circulating concentrations of the amino acid homocysteine
(tHcy) is an independent risk factor for dementia and is associated
with vascular disease [23], CRP an acute phase protein is considered
to have a link to cardiovascular disorders and is an inflammatory

http://www.sciencedirect.com/science/journal/03043940
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Table 1
Comparison of subgroups.

Subjects Indicators (mean ± SEM)

MMSE (/30) Hcy (�mol/L) CRP (mg/L) Sialic acid (mg/100 mL)

Controls 27.52 ± 0.45 9.85 ± 0.32 3.16 ± 0.40 65.65 ± 2.10
AD 16.67 ± 1.47 10.35 ± 0.52 0.80 ± 0.17 77.17 ± 3.90
VaD 16.11 ± 1.78 11.66 ± 1.07 2.86 ± 1.05 65.60 ± 4.58

AD: Alzheimer’s disease; VaD: vascular dementia; MMSE: Mini-Mental State Exam-
ination; tHcy: total homocysteine; CRP: C-reactive protein.

Table 2
Comparison of biomarkers showing p values.

Comparisons Parameters

MMSE Sialic Hcy CRP

Controls vs. AD 0.000 0.041 0.410 0.083
Controls vs. VaD 0.000 0.991 0.036 0.501
G. Davis et al. / Neuroscien

arker which has been investigated in relationship to the develop-
ent of certain dementias [9]. Patients may be initially diagnosed
ith dementia of the Alzheimer’s type and then develop a vascular

omponent or are initially diagnosed with vascular dementia and
evelop an AD component.

To this end the present study investigates the MMSE scores, lev-
ls of tHcy, CRP and sialic acid in a well-defined cohort of dementia
atients and healthy age matched controlled seniors. The overall
oal of this study was to determine whether sialic acid is elevated in
atients with dementia and whether it could further be used to dif-
erentially diagnose dementias. Sialic acid levels are also compared
long with homocysteine and C-reactive protein levels.

There were 27 patients enrolled in this study 12 males and 15
emales that either presented with a complaint of memory impair-

ent or exhibited memory impairment during routine psychiatric
valuation at a specialist psychiatry memory clinic in a hospital set-
ing and a private psychiatry clinic. The MMSE was administered
nd all patients were subjected to interview, physical examina-
ion and neurological examination. These cases met the criteria of
he Diagnostic and Statistical Manual of Mental disorders, Fourth
dition TR (DSM IV TR) for dementia. Laboratory tests and brain
omputed tomography CT or MRI were done. Patients were further
lassified as follows: (1) possible or probable Alzheimer’s disease
s defined by National Institute of Neurological and Communica-
ive Disorders and Stroke and the Alzheimer’s Disease and Related
isorders Association (NINCDS–ADRDA) guidelines for AD; (2)
robable vascular dementia according to National Institute of Neu-
ological Disorders and Stroke and Association Internationale pour
a Recherche et l’Enseignement en Neurosciences (NINDS–AIREN)
riteria for VaD. This investigation included 51 healthy age matched
ontrols (defined as individuals aged 65 and over according to the
S Census Bureau). These individuals were enrolled on a consecu-

ive basis.
Clinical variables were evaluated and blood testing was done

or plasma tHcy which was determined on the Abbot AxSym using
fluorescence polarization immunoassay (FPIA), serum CRP con-

entrations were measured using the Tina-Quant sCRP (Latex)
igh sensitive immunoturbidimetric assay on the Roche/Hitachi
12 Automatic Analyzer (Roche Diagnostics, GmbH, D-68298
annheim) and serum sialic acid was measured by spectrophoto-
etric assay using standard chemicals and reagents. In this method,
protein precipitate containing sialic acid will react with dipheny-

amine producing a purple color, which is quantitatively measured
n a spectrophotometer at 540 nm [28]. The healthy volunteers
ll had MMSEs done and blood was also taken and analyzed for
evels of serum CRP, plasma tHcy and serum sialic acid. All volun-
eers were required to fill out a questionnaire in order to obtain
emographic information. The clinical/biochemical characteristics
f both groups were compared.

The dementia patients had a mean age of 78.0 years, and the
ontrol group had a mean age of 77.0 years. The mean MMSE score
f the patients with dementia was 15.23 ± 1.95, range 1–24, for the
ontrol group the mean MMSE score was 28.71. For the dementia
atients the main clinical diagnoses were AD, 18 (67%) and VaD,
(33%); When the controls were compared with all patients as a

roup, the MMSE and sialic acid was significantly different, with
MSE scores being higher in controls and sialic acid levels were

ower. These patients were further processed by dividing them up
nto specific diagnoses and comparing results. A comparison of the
ubgroups for the different biomarkers is shown in Table 1. Patients
ith AD had significant differences in the MMSE scores and sialic
cid scores, but not tHcy and CRP values when compared with con-
rols. In patients with VaD however, significant differences were
btained for the MMSE scores and tHcy but not for sialic acid or
RP. Table 2 shows the p values from independent t-tests of cases
ompared with controls for MMSE scores, sialic acid, tHcy and CRP
AD vs. VaD 0.821 0.148 0.224 0.417

Significance p < 0.05; AD: Alzheimer’s disease; VaD: vascular dementia; MMSE:
Mini-Mental State Examination; tHcy: total homocysteine; CRP: C-reactive protein.
The underline values indicate p-values that were significant.

levels. The presence of amyloidosis or cerebral amyloid angiopathy
(CAA) in the patients with VaD was not known. The true incidence
and prevalence are hard to specify, as definite CAA is a pathologic
diagnosis typically obtained post-mortem [5,31].

In recent times it has been recognized that risk factors for cardio-
vascular disease are also risk factors for dementia of the Alzheimer’s
type, disease conditions such as hypertension and diabetes as well
as abnormal levels of homocysteine and CRP have been associ-
ated with Alzheimer’s disease [33]. The literature reports for CRP
however have been conflicting [4,9]. In the present study CRP was
unable to distinguish between subtypes of dementia. Recent work
[8] suggests that in the oldest old (patients older than 90 years) high
CRP levels were associated with increased odds of all-cause demen-
tia particularly in females. It is noted however that our patients
were younger. The average age of our patients was 78 years.

Sialic acid is a component of cell membranes [32] and elevated
levels may indicate excessive cell membrane damage, but more
specifically to the cells of vascular tissue. If there is damage to vas-
cular tissue, this leads to ischemia and this ischemia is most visible
in the smallest blood vessels, including those of the retina of the
eyes, kidneys, heart and brain. It is this ischemia that leads to con-
ditions including, but not limited to retinopathy, nephropathy and
neuropathy. In addition, sialic acid can be used as a measure of the
acute phase response because many of the proteins of the immune
response are actually glycoproteins and these glycoproteins have
sialic acid as the terminal sugar on their oligosaccharide chain [16].

Serum sialic acid is a protein bound carbohydrate and occurs
in combination with monosaccharides like galactose and mannose.
Ninety percent is bound and almost none free [7]. In serum they
are generally bound to acute phase proteins [13]. There are sev-
eral possible explanations for the increase in serum sialic acid
concentrations. Several research studies have shown that the con-
centration of sialic acid in serum is elevated in pathological states
when there is damage to tissue, tissue proliferation and inflam-
mation, the latter of which has in recent times reemerged as an
important aspect of the pathogenesis of Alzheimer diseased [7]. Our
findings suggest that elevations in serum sialic acid levels could be
related to AD pathology. In this regard it is of interest that a recent
study [26] has demonstrated that reduction in sialic acid protects

PC 12 cells from B amyloid toxicity. From a speculative point of
view the elevated levels in sialic acid may reflect an increase in the
deposition of B amyloid. Further studies are necessary to elucidate
the relationship between elevated sialic acid levels and ongoing AD
pathology.
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A review of the literature with respect to sialic acid has hinted
t an ethnic influence with respect to levels of this analyte in some
onditions for example the association between total sialic acid and
ephropathy was not observed in Indian and Malay ethnic groups,
ome authors highlight the unpredictable nature of sialic acid as
potential marker of the acute phase response in different ethnic
roups.

In Trinidad and Tobago, the ethnic composition is East Indian
0.3%; African 39.6%; mixed 18.4%; and 1.7% belong to other ethnic
roups [1] Studies have found ethnic differences in the incidence
f AD. The influence of ethnic differences in our results may how-
ver be limited since in our study only one patient was of East
ndian descent in spite of the fact that our population comprises
bout 39.6% persons of African descent and 40.3% persons of East
ndian descent. This finding need to be explored in future stud-
es where factors such as diet in different ethnic groups might be
mportant. Curcumin for example an ingredient in Indian curry has
een reported to be protective of Alzheimer disease [20].

In our study AD was the most common type of dementia fol-
owed by VaD a common finding worldwide. The finding that sialic
cid levels were significantly higher in patients with AD compared
o controls and not different with respect to VaD is unlike the
esults for tHcy where notable differences were found between
aD and controls. This suggests that there may be different mecha-
isms at work in the pathogenesis of the two conditions. The role of
omocysteine in the development of dementia has engaged active
ebate in the literature [25,23]. Our results points toward a vas-
ular mechanism such as altering LDL receptor function increasing
therosclerotic plaque formation and prothrombotic and procoag-
lant effects [22,27]. The majority of markers for dementia being
ommercialized are located in the CSF. The use of CSF to differen-
ially diagnose dementias has numerous disadvantages and would
e considered quite impracticable for routine screening. Our find-

ngs for microglial antibodies [3] and sialic acid another serum
nalyte add to the growing number of biomolecules to be consid-
red as candidate biomarkers for Alzheimer disease.

One of the limitations of sialic acid is that it may also be elevated
n several conditions such as malignancies of the larynx and eye as

ell as colorectal carcinoma. It is also elevated in inflammatory
iseases such as liver cirrhosis and Bechet’s disease. The fact that
ialic acid has been suggested as a marker of chronic inflammation,
ends supports for a role for inflammation in dementia but needs
urther study.
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