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Abstract
Introduction and objective. Evidence for the benefit of antioxidants’ based therapeutic intervention in dementia are 
inconsistent. Parallel studies in disease forms of dementia different than Alzheimer’s are even less conclusive. In this study, the 
role of serum levels of homocysteine (tHcy), lipids and antioxidants in predicting the risk of cognitive decline in Alzheimer’s 
disease (AD) versus non-Alzheimer’s dementias (n-AD). The objective was to add to the ongoing cumulative research to 
establish the biochemical baseline for potential nutri-therapeutic intervention in different forms of dementia.  
Materials and method. 65 participants with dementia (DP-s) were divided into two groups: ADP – patients with Alzheimer’s 
disease and n-ADP – patients with dementia of a different etiology than primary neurodegenerative dementia in the course of 
Alzheimer’s disease. Cognitive function was assessed by Mini-Mental State Examination (MMSE) and related to plasma levels 
of tHcy, folate, vitamins B-6, B-12, lipids and vitamins A and E for both groups. Also examined were associations between 
cognitive impairment and several variables (age, education, duration of dementia) that might confound nutrition-cognition 
associations.  
Results. A significant reduction in serum vitamin A levels and elevation of total cholesterol levels were shown for the DP-s 
group compared to those in the control group. Moreover, significant differences were found in MMSE data and serum vitamin 
E and tHcy levels between patients with ADP and n-ADP. The scores for MMSE showed a correlation with the vitamin E 
levels and duration of dementia in the ADP group and/or correlation with tHcy, levels of vitamins A and/or E, and duration 
of dementia in the n-ADP group.  
Conclusions. The results obtained suggest that elevated serum tHcy and decreased levels of vitamins A and E are associated 
with an increased risk of non-Alzheimer’s dementias, although further studies involving a larger cohort are now needed 
to verify these results.
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INTRODUCTION

Dementia, more precisely defined as significant cognitive 
impairment, is not a specific disease but a group of different 
entities. It is a descriptive term for a collection of symptoms 
that can be caused by a number of disorders that affect the 
brain. The most common type of dementia is Alzheimer’s 
disease (AD) which makes up 50% – 70% of cases. Other 
common types include vascular dementia (25%), Lewy body 
dementia (15%), and frontotemporal dementia. Less common 
causes include normal pressure hydrocephalus, Parkinson’s 
disease, neurosyphilis, and Creutzfeldt–Jakob disease among 
others [1]. AD leads to a progressive loss of mental functions 
through a very specific type of neurodegeneration. Other 
types of dementia may vary, however, in the character of 
progressive changes. All the above-mentioned diseases share 
not only a main symptomatology of cognitive decline, but 
also may share some of the risk factors.

Some evidence suggests that an increased production 
of reactive oxygen species and/or a decreased efficiency of 
antioxidant defence systems are associated with aging. 
Oxidative metabolic reactions and their by-products have 
been consistently implicated in the pathogenesis of age-
related dementia and represent the biological basis for the 
‘oxidative stress hypothesis’ of AD [2]. The brain is particularly 
susceptible to the attack of free radicals caused by its low 
content of antioxidants, by the considerable content of lipids, 
and by its high oxygen consumption rate [3]. The brain-
cell mitochondria are both a source and a target of reactive 
oxygen species (ROS). Therefore, mitochondrial dysfunction 
and oxidative metabolism may play an important role in the 
pathogenesis of AD and other age-related dementias. Moreover, 
the accumulation of ROS in neurons in neurons over time 
could account for the late-life onset and gradually progressive 
nature of the decline in dementia patients (4). In mammalian 
model systems, the effect of oxidative stress on lifespan is less 
clear, but there is evidence that antioxidant treatment protects 
against age-related dysfunction, including cognitive decline [4].

An elevated serum homocysteine (tHcy) level has proved 
not only to be an independent risk factor for both vascular 
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dementia (VaD) and AD [5], but the one with significant 
strength. Furthermore, several epidemiological studies 
have assessed the link between lipids levels and dementia, 
especially AD, but cross-sectional studies provided mutually 
exclusive results and thus highly conflicting conclusions [6].

The objective of this study was to examine the role of serum 
levels of tHcy and its biological determinants, plasma lipids 
and antioxidants as predictors of cognitive decline in AD, 
compared to different form of dementia.

MATERIALS AND METHOD

The participants were randomly selected from a population-
based sample within the Lublin Region. After screening and 
neuropsychiatric diagnostic procedures, 64 patients with 
different type of dementia (DP-s) were recruited to participate 
in the study. Dementia was defined on the basis of the clinical 
criteria of DSM-IV (Diagnostic and Statistical Manual of 
Mental Disorders, 4th edition) [7]. AD was diagnosed on the 
basis of NINCDS-ADRDA (National Institute of Neurological 
and Communicative Disease and Stroke–Alzheimer’s Disease 
and Related Disorders Association) criteria for probable 
or possible AD [8]. The Mini-Mental State Examination 
(MMSE) [9] was used for cognitive screening. Subjects with 
an MMSE scores < 26 were considered positive at screening.

DP-s (n=64) were divided into 2 groups: patients with 
AD (ADP, Group I; n=33) and patients with n-AD (n-ADP, 
Group II; n=31). The exclusion criteria consisted of untreated 
or not fully controlled hypercholesterolaemia, hypertension, 
diabetes, as well as other metabolic syndromes. Major 
psychiatric other than cognitive illnesses also excluded 
participant. The control group comprised 40 elderly subjects 
with no signs of dementia: 22 women and 18 men, mean age 
73.6 (SD ± 9.4).

All participants were provided with and signed a consent 
form prior to participation in the study. The research protocol 
was approved by the Ethics Committee of the Institute of 
Rural Health in Lublin, Poland.

Sample Collection. After an overnight fast, blood samples 
were obtained from the peripheral vein puncture following 
a 15-min rest. 5 ml of blood was taken from each subject for 
analysis Within 1 h of the extraction, samples were collected 
in dry tubes for separating serum. Serum samples were 
separated by centrifugation at 3,000 rpm during a period of 
15 min. Serum for lipid analyses was refrigerated at 4 °C and 
assayed within 8 hours. Other serum samples were frozen 
and stored at -81 °C until analysis.

Assay Procedure. Baseline tHcy in serum was measured 
by using an adaptation of the high-performance liquid 
chromatography (HPLC) method described by Chwatko 
and Bald [10] with a Zorbax SB-C-18 column (4.6x150 mm, 
5µ). Vitamins A and E were detected, after extraction with 
ethanol and hexane, by HPLC with UV detection according 
to the recommended procedure for a commercial kit from 
Immuniq (Immundiagnostik AG, Germany). Baseline 
serum vitamin B-6, vitamin B-12 and folate (folic acid) were 
detected by using a direct MPT assay kits (Immundiagnostik 
AG, Germany).

Serum biochemical variables were determined in an 
Express Plus autoanalyzer (Chiron Diagnostics System). In 

this analysis, total cholesterol (TCh), triglycerides (TG) and 
HDL-cholesterol (HDL-C) were examined by colourimetric 
methods (Siemens Diagnostics, Mannheim, Germany). The 
concentration of LDL-cholesterol (LDL-C) was calculated 
using the Friedewald formula. Coefficients of variation (CVs) 
for all analyses in this study were 3.0 – 9.2%.

Statistics. Data were expressed as the mean ± standard 
deviation (SD) or median (range) according to data 
distribution. Comparisons between groups were performed 
using a one-way ANOVA test. Univariate correlations 
between the MMSE scores and other selected variables were 
analyzed using the non-parametric Spearman correlation 
coefficient, according to data distribution. P<0.05 was 
considered significant. The statistical analyses were carried 
out using Graph-Pad Prism-5 for Windows.

RESULTS

A total of 64 patients with clinically diagnosed dementia 
provided samples for the evaluation. The biometrics or the 
DP, and the control are shown in Table 1. Of these, 23 cases 
(35%) were male and 42 cases (65%) were female. The mean 
age of the patients was 74.3 years (SD ± 7.6), with an age range 
of 56 – 87 years. Of these 64 subjects, 31 were diagnosed as 
AD, and 33 diagnosed with other forms of dementia and 
were considered as one group, distinct from the AD group, 
for this purpose. Core statistical analysis included a healthy, 
age matched control as a comparator for both study groups.

As per objective of the protocol, the patients did not differ 
in age. Additionally, no significant dementia patients and 
the controls did not differ significantly when the level of 
education was considered. The serum concentrations of TCh 
and Vitamin A levels, however, were found to be significantly 
different between the DP-s and controls (p=0.028; p=0.034, 
respectively).

Table 1. Characteristics of participating patients with dementia and 
controls

Variable
Dementia patients

n = 64
Controls

n = 40 p=

Age, years 74.3 ± 7.6 73.6 ± 9.4 0.254

Duration of education, years 9.9 ± 3.3 10.4 ± 3.1 0.773

Duration of dementia, years 6.7 ± 2.2 - -

MMSE scores (max.30) 15.3 ± 5.7 - -

Serum variable:

Total cholesterol, mmol/l 6.1 ± 1.2 5.6 ± 1.1 0.028

LDL cholesterol, mmol/l 4.3 ± 1.1 4.1 ± 1.1 0.413

HDL cholesterol, mmol/l 1.2 ± 0.3 1.4 ± 0.4 0.547

Triglyceride, mmol/l 1.4 ± 0.6 1.2 ± 0.6 0.421

Total homocysteine, µmol/l 27.7 ± 16.2 21.3 ± 13.6 0.664

Vitamin B6, nmol/l 79.5 ± 109.1 48.4 ± 105 0.344

Vitamin B12, pmol/l 336.8 ± 198.8 304 ± 226 0.496

Folate, nmol/l 27.4 ± 18.9 28.0 ± 17.7 0.547

Vitamin A, µmol/l 3.8 ± 0.1 4.2 ± 0.2 0.034

Vitamin E, µmol/l 35.8 ± 6.3 38.7 ± 7.3 0.057

HDL – high-density lipoprotein; LDL – low-density lipoprotein; MMSE – Mini-Mental State 
Examination; Mean ± Standard Deviation, p-value (level of significance).
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Further evaluation focused of both dementia samples 
revealed that the ADP group had a significantly lower serum 
tHct and vitamin E level, compared to the n-ADP group 
(p=0.041; p=0.014, respectively) (Tab. 2).

The mean age and duration of dementia for the n-ADP 
group were lower than for ADP-group (p=0.002; p<0.001, 
respectively (Tab. 2). Significant differences were also found 
in MMSE data (p<0.001) between patients with AD and n-AD.

The MMSE score was found to be inversely related to the 
duration of dementia (r=–0.924, p<0.001; r=–0.897; p<0.001), 
respectively, for the ADP and n-ADP groups and with age 
(r=–0.377; p=0.037) for the n-ADP group (Tab. 3).

Simple correlations between serum variables and MMSE 
scores are presented in Table 3.

Serum levels of vitamin E was found to be positively 
correlated with the MMSE score for both groups of DP-s: 
ADP-group (r = 0.346; p=0.049) and n-ADP group (r= 0.488; 
p=0.005) and inversely related to duration of dementia 
(r=–0.390, p=0.024; r=–0.511, p=0.003), respectively. In 
addition, the serum concentration for vitamin A was found 
to be positively associated with the MMSE score of n-ADP 
group only (r = 0.584; p<0.001). Finally, the serum levels for 
Hct were found to be inversely correlated with the MMSE 
scores (r =–0.463; p=0.009) in those patients.

Correlations of the serum concentrations for TCh, TG, 
HDL-C, vitamins B6, B12, foliate with MMSE scores failed 
to show any statistical significance (Tab. 3).

DISCUSSION

The results of the presented study show that cognitive decline 
was significantly associated with serum concentrations of 
vitamins A or E in patients with non-Alzheimer’s dementia 
type disease. These findings supports the hypothesis that 
dietary interventions aimed at modifying serum vitamin 
E status may affect the risk of cognitive impairment in 

older persons [11]. In addition, the Chianti Study [12] 
shows that in the elderly, both prevalence and incidence 
of cognitive impairments are associated with variations in 
blood concentrations of non-tocopherol forms of vitamin E. 
However, the results of other studies on cognitive function 
and blood levels of vitamin E [13] and vitamin A [14] 
are inconsistent, and of even greater importantance, the 
supplementation did not prove to be of therapeutic value.

The current study also shows that MMSE score were 
inversely related to age and to duration of dementia. As 
expected, the significant differences in MMSE score in AD 
and n-AD patients were probably caused the time of duration 
of disease. The mean duration of dementia in patients with AD 
and n-AD were 6, 7 and 3, 9 years, respectively. A significant 
negative relationship was found only between serum tHcy 
levels and MMSE scores in n-ADP. Other researchers have 
also shown a significant negative association between serum 
tHcy concentration and cognitive impairment tested by the 
MMSE score in patients with probable AD [15]. Although 
some studies found no association between plasma tHcy 
levels and cognitive impairment in patients with AD [16], in 
the presented study, the mean serum tHcy concentrations 
for AD and n-AD patients were elevated in comparison to 
upper reference limits for tHcy (20 µmol/l) in patients aged 
>65 years, and in comparison to control, but no statistically 
significant differences were noted. However, it is worth noting 
that serum concentrations of folate and vitamins B-6, B-12 
for these patients were within the normal range (Tab.1).

An elevated serum tHcy level might also suggest a vitamin 
B-12 deficiency. However, this indicator has poor specificity 
because it is influenced by other factors, such as low vitamin 
B6 or folate levels [16]. However, evidence suggests that serum 
vitamin B-12 concentrations might not accurately reflect 
intracellular concentrations [17]. Serum concentrations of 
vitamin B12 and folate in the current study were comparable 
to the reference range, but were inversely related to plasma 
tHcy levels (r=–0.276; p=0.027 and r=–0.327; p=0.008, 
respectively) (data not shown).

Table 2. Characteristics of participating patients with Alzheimer’s disease 
(ADP-group) and non-Alzheimer dementia type (n-ADP-group)

Variable
ADP-group

n = 31
n-ADP-group

n = 33 p=

Age (years) 77.3 ± 6.8 71.1 ± 7.2 0.002

Duration of education (years 10.0 ± 3.3 10.9 ± 3.5 0.199

Duration of dementia (years) 6.7 ± 2.3 3.9 ± 2.6 < 0.001

MMSE scores (max. 30) 15.3 ± 5.7 20.4 ± 6.8 < 0.001

Serum variable:

Total cholesterol, mmol/l 6.1 ± 1.2 6.1 ± 1.2 0.683

LDL cholesterol, mmol/l 4.2 ± 1.1 4.3 ± 1.1 0.992

HDL cholesterol, mmol/l 1.1 ± 0.3 1.2 ± 0.2 0.141

Triglyceride, mmol/l 1.3 ± 0.5 1.3 ± 0.6 0.847

Total homocysteine, µmol/l 24.2 ± 15.5 27.8 ± 14.0 0.041

Vitamin B6, nmol/l 43.6 ± 79.1 46.3 ± 137 0.176

Vitamin B12, pmol/l 335 ± 166 371 ± 226 0.120

Folate, nmol/l 26.7 ± 15.6 28.7 ± 21.9 0.659

Vitamin A, µmol/l 3.6 ± 0.9 3.9 ± 0.8 0.124

Vitamin E, µmol/l 34.2 ± 4.4 37.6 ± 7.5 0.014

HDL – high-density lipoprotein; LDL – low-density lipoprotein; MMSE – Mini-Mental State 
Examination; Mean ± Standard Deviation, p-value (level of significance).
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Table 3. Association between MMSE scores and  variables in Dementia 
patients

Variable Correlation  coefficient ( r ) a

ADP-group,  
n = 31

P=
n-ADP-group, 

n = 33
P=

Age, years - 0.060 0.740 - 0.377 0.037

Duration of education, years   0.214 0.232    0.072 0.700

Duration of dementia, years - 0.924 > 0.001 - 0.897  > 0.001

Serum variable:

Total cholesterol, mmol/l - 0.065 0.720 - 0.216 0.244

HDL cholesterol, mmol/l - 0.122 0.498 0.140 0.453

Triglyceride, mmol/l 0.126 0.484 0.046 0.814

Homocysteine, µmol/l 0.084 0.644 - 0.463 0.009

Vitamin B6, nmol/l - 0.147 0.416 0.185 0.319

Vitamin B12, pmol/l - 0.065 0.719   0.260 0.158

Folate, nmol/l - 0.033 0.856 0.169 0.363

Vitamin A, µmol/l 0.306 0.084 0.584 0.001

Vitamin E, µmol/l 0.346 0.049 0.488 0,005
a Pearson product moment correlation analysis with no adjustment
HDL, high-density lipoprotein; LDL, low-density lipoprotein; MMSE, Mini-Mental State 
Examination; p-value (level of significance)
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In n-ADP, a significant relationship was found between 
MMSE scores and serum levels of tHcy. Moreover, no 
correlation was observed with serum concentrations of tHcy 
and MMSE in ADP group. Therefore, based on the results of 
own studies, it might be presumed that elevated serum tHey 
may been associated with an increased risk of dementia of a 
non-Alzheimer’s type.

A large prospective study showed that increased tHcy up 
to 11 years before the diagnosis of dementia is associated 
with twice the risk of AD. This study also showed positive 
associations between elevated tHcy levels and the incidence 
of both AD and dementia [18]. Moreover, a recent study 
indicated that homocysteine is an independent risk factor for 
both dementia and cognitive impairment [19]. Low serum 
levels of certain B vitamins (folate and vitamins B-6 and B-12) 
have been associated with elevated serum homocysteine levels 
in several studies, and with an increased risk of dementia in a 
many investigations. The results of these investigations show 
that elevated serum tHcy concentrations and low serum B 
vitamins concentrations are independent predictors of the 
development of dementia and AD [20].

The presented study indicates that serum lipid levels had 
no relationship with MMSE scores in ADP-s; however, the 
level of lipids in the blood serum was moderately elevated 
in this patient group.

Hypercholesterolaemia is a proven risk factor for 
cardiovascular disease [21] but the association with cognition 
appears complicated. The explanation for the conflicting 
epidemiologic associations between lipids and dementia is 
that other lipoprotein constituents may be more relevant 
in dementia pathology and may therefore represent a more 
accurate dementia risk factor. Apolipoprotein A-I (ApoA-I), a 
major component of HDL, may be such a factor [6]. In some 
studies, lower HDL-C levels have been associated with lower 
MMSE scores and with higher dementia and Alzheimer’s 
disease risks [22, 23].

CONCLUSIONS

This study shows a significant relationship between cognitive 
impairment, tested by the MMSE score, and serum levels 
of antioxidant vitamins A, E and tHc in patients with non-
Alzheimer’s type dementia.

Some limitations should be noted in the present study:
1) the association between the antioxidants status in patients 

with dementia and the risk of cognitive impairment 
was only cross-sectional; therefore, it was not possible 
to determine whether significant differences in plasma 
antioxidants in patients is a cause or consequence of 
cognitive impairment;

2) the findings from this study do not exclude the possibility 
that plasma antioxidant capacity may be modified by 
dietary factors;

3) other confounding factors (e.g. alcohol drinking, and 
smoking), which might affect the plasma antioxidant levels, 
were not completely excluded;

4) the sample size was relatively small for drawing a definite 
conclusion.

Despite multiple limiting factors listed above, the data 
obtained support the notion that elevated serum tHct levels, 
as well as vitamins A and E deficiencies, may be associated 

with an increased risk of non-Alzheimer’s dementias. Further 
studies with a larger cohort are now needed to follow those 
threads and eventually find parameters for potentially 
effective pharmaceutical intervention.
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