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ABSTRACT: Alzheimer’s disease (AD) and vascular dementia (VAD) are the major forms of dementia 

affecting elderly people, in which the levels of many metabolites are altered in cerebrospinal fluid (CSF) 

and serum. These metabolites could be risk factors or potential biomarkers, but the significance of some of 

these are not clearly understood in the context of the disease pathogenesis.  In the present study serum 

levels of homocysteine, dehydroepiandrosterone sulphate (DHEA-S) and lipoprotein (a) or Lp(a) have been 

measured by ELISA using commercial kits in AD (n = 40), VAD (n = 40) and age matched control subjects 

(n = 40). The data are compared by ANOVA and post-hoc analysis.  The serum homocysteine is markedly 

elevated compared to control both in AD and VAD subjects, but to a significantly higher extent in the 

latter. Lp(a) is increased in the serum of VAD subjects only compared to control. Likewise, serum DHEA-S 

level is lowered in AD but not in VAD compared to control. The analysis of the present data and those 

published by others suggest that alterations in homocysteine and Lp(a) in serum are indicators of vascular 

pathology in AD or VAD, while the lowering of serum  DHEA-S is a consequence of AD pathology.  
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Alzheimer’s disease (AD) and vascular dementia (VAD) 

together account for the majority cases of dementia in 

the elderly population of various countries with nearly 

70 – 75% of dementia patients belonging to AD and 15% 

to VAD and the societal burden for these disorders is 

becoming enormous with the progressive increase in the 

life span of general population [1]. In developed 

countries the prevalence of AD is around 4.4% but the 

prevalence is somewhat lower in the developing 

countries [2, 3]. On the other hand, the prevalence of 

VAD has been reported to vary from less than 1% to 
approximately 2% in different countries above the age of 

65 years [2, 3].  Although studies in transgenic animals 

and cell based models of AD and the analysis of post-

mortem AD brains have provided insights into the 

pathological mechanisms of this disease which 

comprises of abnormal amyloid beta accumulation, 

mitochondrial dysfunction, oxidative stress and 

inflammatory response in the brain, the etiopathogenesis 

of sporadic AD which accounts for 90 -95% of all AD 

cases is far from understood [4].  Thus, the role of 

metabolic and environmental risk factors in the disease 

pathogenesis should be carefully evaluated for AD.   On 

the other hand, VAD is caused by the hemorrhagic, 
ischemic or hypoperfusive injury to the brain as a result 

of the diseases of large or small blood vessels or 
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arterioles and various vascular risk factors may play 

critical roles in the disease pathogenesis [5, 6]. 

Epidemiological studies have established several 

risk factors and biomarkers in blood and CSF of both 

AD and VAD patients which assist in the diagnosis of 

the disease and also may provide useful clues to 

understand the pathogenesis or to develop therapeutic 

and preventive measures. The altered levels in CSF of 

amyloid beta peptides (Aβ42, Aβ40), tau and 

phosphorylated tau in both AD and VAD have been 

studied most widely [7, 8, 9, 10]. On the other hand   

elevated homocysteine in blood and altered levels of 

DHEA metabolites in brain, CSF and blood have been 

shown to be associated with AD and VAD in several 

studies [11, 12, 13, 14, 15]. The size and serum level of  

Lp(a) which is a well established risk factor for cardio-

vascular  diseases has also been linked with increased 

risk of both and  AD and VAD in a few studies [16, 17].  

However, it is not clear whether these alterations of 

homocysteine, DHEA-S and Lp(a) are linked to 

pathogenesis of the diseases or simply reflect the 

consequences of the biochemical changes taking place in 

the diseased brain.  Further, no study has attempted to 

assess how the extent of changes in one or more of these 

parameters could be related to either AD or VAD.  The 

present case-control study has attempted to address some 

of these issues while comparing the serum levels of 

homocysteine, DHEA-S and Lp(a) in AD and VAD 

subjects with age-matched controls.  

 

 

 

 
 
Fig. 1 Demographic profile of AD and VAD subjects. Values are the means ± SD for the number of cases (n) for 

(A) Age in years and (B) MMSE scores.  Control, n= 40, M/F = 26/14; AD, n= 40, M/F = 28/12; VAD, n= 40, M/F 

= 25/15.  *p<0.001 vs. Control. 

 

 

 

 

MATERIALS AND METHODS 

 

Samples 

 

The study was carried out in the Department of 

Biochemistry of IPGMER, Kolkata and the patients were 

selected from the Dementia  Clinic of Department of 
Neurology, BIN, Kolkata, which is a sister institute. The 

control subjects selected were part of an ongoing 

collaborative population based study on aging, dietary 

habits and cognitive impairment undertaken by the 

Department of Biochemistry, IPGMER and Indian 

Statistical Institute, Kolkata, India. The study was 

approved by the institutional ethics committee of 

IPGMER which follows the guidelines set by the 

Helsinki declaration. The study consisted of 40 cases of 

AD and VAD each and 40 control subjects recruited over 
a period of 18 months from August 2009 to February 

2011. After fully explaining the study, a written 

informed consent was obtained from every control 
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subject and patient or a close relative of the latter in case 

the patient was not in a position to give the consent.  

The age, sex distribution and Mini Mental State 

Examination (MMSE) scores of the control subjects and 

the patients are presented in Fig. 1. The diagnosis of 

VAD was established according to the NINDS-AIREN 

(National Institute of Neurological Disorders and Stroke 

and the Association Internationale pour la Recherche et 

l’Enseignement en Neurosciences) criteria for probable 

vascular dementia. All patients were subjected to 

Magnetic Resonance Imaging (MRI), which showed 

subcortical lacunae and/or multiple involvements in the 

white matter. The diagnosis of probable AD was 

established following the criteria of DSM-IV (Diagnostic 

and Statistical Manual of Mental Disorders). The 

diagnosis was corroborated by cerebral MRI studies 

which showed atrophy in cortical and hippocampal 

regions, and normal aspects of the white matter. All 

healthy controls used in this study were examined to 

exclude any cognitive impairment. All controls and 

patients under the study were examined clinically and 

routine biochemical tests were performed for each 

subject. However, MRI of brain was routinely carried 

out in this study for AD and VAD patients but not for 

control subjects. The exclusion criteria for all the groups 

were overt ischemic heart disease, renal failure, diabetes, 

chronic liver disease, cancer, and any other neurological 

disorders. At the time of sample collections all AD 

subjects were under treatment with donepezil and 

memantine, while all the VAD subjects were taking anti-

platelet agents, statins, amlodipine and also donepezil.    

 

Biochemical assays 

 

Fasting venous blood samples were obtained from both 

patients and controls. The sera were stored at -20˚C and 

analysed within 15 days. Serum Hcy assay was done 

using a commercial kit (Axis, UK) in which both free 

homocysteine and protein bound homocysteine were 

enzymatically  converted  to S-adenosylhomocysteine 

which was measured by a sandwich ELISA.  Serum 

DHEA-S and Lp(a) were estimated by ELISA (Adaltis, 

Italia) and immunoturbidimetry (Daichi, Japan) 

respectively following manufacturer’s protocol. 

Routine biochemical parameters were measured for 

all the subjects under study using automated clinical 

analyzer (model Daytona, Randox). 

 

Statistical analysis 

 

Statistical analysis of different parameters in 3 groups 

was performed by means of one way analysis of variance 

(ANOVA). These comparisons were followed by post-

hoc comparisons between groups by means of the 

Tukey’s test. 

 

 

 
 
Fig. 2 Typical MRI Scans of AD and VAD subjects. A.  Vascular dementia; Axial flair image showing confluent 

hyperintensity in bilateral subcortical white matter suggesting ischemic changes.  B.  Alzheimer's disease; coronal T1 MRI 

picture showing medial temporal lobe atrophy. 
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RESULTS 

 
The demographic profiles of all the subjects under study 

are shown in Fig. 1. Both controls and cases were in the 

similar age group (Fig. 1A). When the age groups were 

analyzed according to sex, no significant difference was 

observed between the males and the females either in 

controls or in cases (data not shown). The MMSE scores 

of AD and VAD subjects were considerably lower than 

the controls (Fig. 1B), but the scores were not 

significantly different between the males and the females 

within each group (data not presented). The 

representative MRI scans of AD and VAD subjects are 

shown in Fig. 2.      

The results presented in Fig. 3A show higher levels 

of Hcy both in VAD and AD compared to that in the 

control subjects which were statistically significant 

(p<0.001) . In case of serum DHEA-S (Fig. 3B), a lower 

level compared to control (statistically significant, 

p<0.001) was observed in AD subjects, but not in VAD. 

On the other hand, the serum level of Lp(a) (Fig. 3C) 

was found to be significantly higher compared to control 

(p<0.001) in the VAD cases, but not in AD patients. In 

each group the levels of serum Lp(a) among different 

individuals showed a large variation indicated by a high 

standard deviation (SD).  Further, the serum levels of 

Hcy, DHEA-S and Lp(a) differed significantly between 

AD and VAD subjects (Fig. 3). When the serum levels 

of Hcy, DHEA-S and Lp(a) were compared between  

males and females within each group, no significant sex  

difference could be observed for any of the studied 

parameters (data not shown). 

 

 

 

 

 

 

 
 
 

Fig. 3.  Serum levels of (A) homocysteine, (B) DHEA-S and (C) Lp(a) in AD and VAD subjects. The values are expressed as 

the means ± SD for the number of cases (n) in each group of subjects. Statistical comparisons were made by one way Anova 

followed by post-hoc analysis as described in the methods. *p< 0.001 vs. Control; ѱ p< 0.005 vs. VAD; φ p< 0.001 vs. VAD. 
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DISCUSSION 

 

The higher levels of serum homocysteine in AD and 

VAD compared to that in age-matched controls as 

observed in this study confirm several earlier reports 

which have shown strong association of this serum 

parameter with both these disease conditions [11, 12, 13, 

18]. Hyperhomocysteinemia is a well known vascular 

risk factor and a higher level of serum homocysteine in 

VAD subjects is probably causal to the vascular lesions 

underlying this disorder [19, 20]. In case of AD a 

primary neurodegenerative process in which amyloid 

beta accumulation plays a critical role co-exists with 

varying degrees of cerebrovascular dysfunctions [21, 

22].  The elevated level of serum homocysteine in AD 

cases compared to age-matched controls as seen in this 

and other studies probably contributes to the genesis of 

vascular pathology of AD. This view of 

hyperhomocysteinemia accounting for the vascular 

component of AD pathology has also been proposed by 

others [19, 23]. It is interesting to notice in our present 

results (Fig. 3A) that the VAD subjects who presumably 

have greater degrees of cerebrovascular pathologies than 

AD patients have correspondingly higher serum 

homocysteine level than the latter. Similar higher values 

of serum homocysteine in VAD compared to AD have 

also been reported earlier [20]. Further, the degree of 

cognitive decline as evident from MMSE scores is much 

greater in AD than in VAD in this study population (Fig. 

1), but homocysteine is elevated to a greater degree in 

VAD cases (Fig. 3A). This suggests that the level of 

homocysteine does not directly reflect the extent or the 

severity of the brain damage. However, the direct 

neurotoxic effects of homocysteine have been shown in a 

large number of studies using cultured SHSY5Y cells, 

primary culture of hippocampal neurons and rat brain 

cortical slices [24, 25, 26]. Methionine-rich diet induces 

hyperhomocysteinemia in transgenic AD mice and 

aggravates behavioural deficits, but when   such animals 

are switched to normal diet, hyperhomocysteinemia is 

corrected along with improvement of brain amyloidosis 

as well as cognitive impairment [27].  Thus an elevated 

serum homocysteine level in AD patients may also imply 

a primary contribution of homocysteine to the 

neurodegenerative process of AD. Several recent MRI 

based studies have shown that elevated serum 

homocysteine is associated with greater hippocampal 

and cortical atrophy in MCI subjects [28].  On the other 

hand,  while the deficiency  of folate,  or vitamin B 12 or 

pyridoxine is  responsible for hyperhomocysteinemia in 

many cases,  the supplementation of these vitamins in 
high doses in  AD patients  has failed to  produce  

clinical improvement of dementia, although the 

hyperhomocysteinemia  is corrected [29]. Thus the role 

of hyperhomocysteinemia vis-a vis AD pathogenesis 

remains controversial.   

 Lp(a) has not been studied much in the context of 

AD or VAD, but the elevated level of this  lipoprotein 

which contains both apoB of LDL and a special 

apoprotein apo(a) is considered as an independent 

genetic risk factor for cardiovascular diseases [30]. 

There are complex size variations of apo(a) isoforms 

ranging from 300 – 800 kDa and large differences in 

blood levels of Lp(a) among individuals in a population 

with an inverse relation between apo(a) size and blood 

levels of Lp(a) [30, 31]. In agreement with these studies, 

we observed that serum Lp(a) levels varied over a wide 

range among individuals within each group (Fig. 3C). 

Some studies have shown that smaller isoforms and 

higher blood levels of Lp(a) are associated with 

increased risk of VAD and AD [ 32 ]. The present study  

demonstrates a significantly higher level of Lp(a) in 

VAD but not in AD which agrees well with the fact that 

in VAD the pathogenesis  is predominantly vascular in 

nature and  Lp(a)  potentiates the atherogenic processes 

in blood vessels through multiple mechanisms [ 30,31 ].   

The neurosteroid DHEA and its metabolite DHEA-S 

are produced in the brain in significant amounts, 

although adrenal cortex and gonads are the major 

sources of these compounds in the body [33, 34]. There 

are consistent reports of higher brain and CSF levels of 

DHEA in AD, which have been correlated to the 

neuropathological stages of the disease, but there are 

variable reports of altered DHEA in blood in AD [14, 15, 

35, 36].  On the other hand, the level of DHEA-S derived 

from DHEA has been reported to be significantly less  in 

CSF and blood in AD compared to control, although the 

studies are limited in number [15, 36, 37, 38].  Both 

DHEA and DHEA-S have been shown to have 

neuroprotective effects in different experimental models 

and are also known to improve cognitive functions in 

animals, but it is not clear whether the altered levels of 

these neurosteroids in brain or CSF in AD represent 

physiological adaptive responses or are causally related 

to the pathogenesis [14, 15, 39, 40].  Recent studies on 

the other hand have demonstrated that in brain two 

possible  pathways of DHEA biosynthesis exist -- one 

pathway requiring the enzyme cytochrome P450 

dependent 17 α- hydroxylase (P450c17)  and  the other 

one  mediated by iron and oxygen free radicals [33, 34, 

35]. The ROS dependent pathway is active in AD brain 

producing DHEA from an unidentified precursor [41]. 

Thus, the higher content of DHEA in brain and CSF in 

AD patients is a consequence rather than a causal factor. 

It is further interesting to note that reduced glutathione is 
required for the function of hydroxysteroid 

sulphotransferase which converts DHEA to DHEA-S 

[42]. It is plausible that the decreased availability of 
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reduced glutathione because of the accompanying 

oxidative stress in AD brain will lead to a reduced 

formation of DHEA-S in the latter which could be 

reflected as a lower level of this neurosteroid in CSF and 

blood. A lower level of serum DHEA-S as observed here 

and in other studies is, therefore, probably a consequence 

of pathologic process of AD rather than a risk factor for 

the disease. It is, therefore, not surprising that DHEA-S 

supplementation has failed to produce any significant 

improvement in clinical cases of AD.  On the other hand 

it will be interesting to follow in longitudinal studies the 

decrease in CSF or serum DHEA-S levels during the 

progress of AD.  The serum level of DHEA-S is not 

altered compared to control in VAD subjects in this 

study, which is in contrast to some earlier reports [36].   

In summary, this work has attempted to understand 

the biological implications of the differences in blood 

levels of homocysteine, DHEA-S and Lp(a) in AD and 

VAD cases in the context of disease pathogenesis and 

consequences. However, more inputs are necessary from 

studies in post-mortem brains or experimental disease 

models to understand the pathological significance of the 

alterations of serum parameters in case-control studies. 

One important limitation of this case-control study is the 

non-availability of MRI findings for control subjects 

which precludes any discussion regarding any direct link 

between altered levels of these serum parameters and 

changes in brain morphology. Another shortcoming of 

the present study is the absence of data on serum levels 

of folic acid, vitamin B12 or pyridoxine in controls and 

cases which might have influenced the serum levels of 

homocysteine to different degrees among the groups. 

Another important confounding factor in this study is the 

drug history of the patients. At the time of blood 

collection, the subjects of AD and VAD were on 

different drugs and within each group the patients were 

on different dosage schedule.  However, it is important 

to realize that even with such limitations the present 

study has shown that serum levels of Hcy, DHEA-S and 

Lp(a) can effectively separate AD and VAD from each 

other as well as from the controls implying that these 

parameters have causal links with these disorders.  

Moreover, it will be interesting to examine if these 

serum parameters which are differentially altered in AD 

and VAD can be used as biomarkers to distinguish 

clinical cases of AD and VAD. Because of the 

overlapping nature of clinical presentations and some 

commonalties in pathogenic processes of AD and VAD, 

it is often difficult to differentiate these two disorders 

clinically or even by MRI findings. The identifications of 

serum parameters like homocysteine, Lp(a) and DHEA-S  
as reported here may be useful for the differential 

diagnosis, but a larger sample size needs to be studied 

and methods to determine sensitivity and specificity of 

these serum parameters with respect to each disease have 

to be determined for this purpose.  
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