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The relationship between plasma homocysteine and behavioral and psychological symptoms of dementia (BPSD) has not been
specifically investigated in previous research. In this study, we compared plasma homocysteine (Hcy) among 40 Alzheimer’s
disease (AD) patients with BPSD, 37 AD patients without BPSD, and 39 healthy controls. Our results evidenced that the plasma
homocysteine levels in AD patients with BPSD and without BPSD were higher than healthy controls and that the plasma
homocysteine concentration in AD patients with BPSD was the highest among the three groups. Significant correlation between
plasma homocysteine concentration and cognitive decline and duration of dementia was observed, but there was no correlation
between BPSD and cognitive dysfunction or duration of dementia. In conclusion, this study showed for the first time that BPSD were
associated with plasma homocysteine concentration in Alzheimer’s dementia, and the results supported that hyperhomocysteine

may take part in the pathogenesis of BPSD.

1. Introduction

Alzheimer’s disease (AD) is characterized by a progressive
loss of learning and memory processes and alterations in
spatial abilities, confusion, and disorientation. The most
known hypotheses about the etiology of AD are that neurode-
generation begins with an abnormal processing of amyloid
precursor protein (APP), resulting in production, aggrega-
tion, and deposition of the peptide Ap, thus facilitating the
formation of senile plaques and neuronal death [1]. In recent
years, most of the researches have great concerns about the
cognitive dysfunction of AD patients, while ignoring their
behavioral and psychological symptoms of dementia (BPSD),
and even the BPSD have been more easily misdiagnosed
as a functional mental disorder. Behavioral and psycholog-
ical symptoms of dementia consist of perception, thought
content, mood, and behavior disorders of dementia patients
[2, 3]. In 1994, Tariot suggested that mental abnormal or

behavioral disorders of dementia, like the cognitive dysfunc-
tion, were the core symptoms of dementia [4]. According to
the epidemiological survey, 70 to 90 percent of AD patients
may experience delusions, hallucinations, agitation, attacks,
and other behavioral and psychological symptoms during the
course of illness [5].

Most AD patients have BPSD at some stage of their
disease [6]. It is the most frequent cause of hospitalization and
life quality deterioration for AD patients [7]. Moreover, these
symptoms, rather than the memory impairment which could
be recognized, cause the most distressing and challenging
aspect of the disease and are likely to make the greatest con-
tribution to patients families’ burden [8]. In addition, the
management of BPSD is very challenging, since there is no
licensed drug specifically used for the treatment of these
symptoms, and other optional drugs can put patients at risk.
Therefore, to confirm whether these symptoms are related
to hyperhomocysteinaemia and/or deficiencies in vitamin
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B12 and folate is of great importance in looking for another
efficient medication for AD patients with BPSD.

Decreased serum vitamin B12 and folate concentrations
have been reported in Alzheimer’s disease patients [9, 10] and
psychiatric disorders [11]. The relationships between concen-
tration of serum vitamin B12, folate, and BPSD of dementia
were previously assessed by other investigations, but no
significant correlation was found [12, 13]. However, no studies
have found the correlation between plasma homocysteine
concentration and BPSD of dementia patients. Therefore,
there is a consistent conclusion that the measurement of
homocysteine is essential, especially, since it is speculated that
serum vitamin B12 and folate may not reflect the actual status
of these vitamins in brain [14].

Homocysteine is an important amino acid connected to
vitamin BI2 and folate. It is reversibly formed and secreted
in the metabolism and can also be used as an effective
neurotoxin possibly mediated by increased generation of
free radicals or by calcium influx through NMDA receptor
channels [15]. Overall, hyperhomocysteine is caused by in
vivo genetic or nongenetic metabolic disorder. The toxic
effects of hyperhomocysteinaemia have been suggested in
cardiovascular and cerebrovascular diseases [16, 17]. In addi-
tion, studies have shown that increased plasma homocysteine
is associated with the severity of cognitive dysfunction and
dementia [18, 19].

Interestingly, hyperhomocysteinaemia has been directly
related to psychosis, depression, and other psychiatric disor-
ders [19-23]. There was only one study which reported the
correlation between homocysteine and BPSD [24], but we
have found no investigations in hyperhomocysteine among
AD patients with BPSD in China.

In scope of the recent findings that reported the rela-
tion between homocysteine and psychiatric symptoms and
potential suggestions that homocysteine measurement may
provide a better estimate of tissue activities of vitamin B12 and
folate, we compared plasma homocysteine concentration in
AD patients with and without BPSD and healthy participants
to explore the possible different concentrations of homocys-
teine in AD patients with BPSD. Moreover, we investigated
whether a specific correlation exists between homocysteine
concentration and clinical symptoms.

2. Material and Methods

2.1. Participants. The sample consisted of 116 participants: 40
Alzheimer’s disease (AD) patients with BPSD, 37 AD patients
without BPSD, and 39 healthy controls. Between May 2010
and March 2012, AD patients were all recruited from the
outpatients and inpatients of Qingdao Mental Health Center.
All subjects met the criteria for AD in baseline according to
the fourth edition of the Diagnostic and Statistical Manual
of Mental Disorders (DSM-IV). And the score of Mini-
Mental State Examination (MMSE) should be no more than
24. Exclusion criteria included patients older than 80 years;
patients receiving vitamin B2 injections or folate tables;
patients with other forms of dementia such as vascular, fron-
totemporal, and Lewy body; patients receiving methotrexate
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and/or anticonvulsants including carbamazepine, phenytoin,
phenobarbitone, or valproate; patients with moderate to
severe renal failure; patients with thyroid disease; and patients
on special diets. The eligible patients were initially divided
into two study groups based on the presence or absence of
BPSD. In the BPSD group, each patient had at least one
symptom of perception, thought content, behavior, or mood
disorders. These behavioral and psychological symptoms of
all AD patients were judged by the professional psychiatrists.

Healthy controls were the healthy elderly with routine
health examination in the corresponding period. Inclusion
criteria were absence of alcohol and substance abuse, no
relevant neurological disease, MMSE scores above 27 of
30, and without any personal and family history (first-
degree relatives) of psychiatric DSM-IV Axis I disorders
(confirmed with the Mini-International Neuropsychiatric
Interview (M.LN.I)).

The study was approved by the local ethics committee and
carried out in accordance with the Declaration of Helsinki
(current version: Somerset West, 1996).

2.2. Biochemical Investigation. Venous blood (2mL) was
taken from all participants in the morning after an overnight
fast. Blood samples were collected into tubes without anti-
coagulant and allowed to clot at room temperature for 1
hour. Serum was separated by centrifuge and then stored in
the refrigerator at —30°C. All the samples were numbered,
and plasma homocysteine levels were measured by the
specific person of our hospital’s laboratory. Homocysteine
concentrations were assayed by enzymatic cycling assay
(DiaSys Diagnostic Systems GmbH, Germany). The clinical
reference range of homocysteine is from 5 to 15 gmol/L, and
hyperhomocysteine is defined as homocysteine being more
than 15 ymol/L.

2.3. Cognitive Assessment. The severity of cognitive impair-
ment was assessed by Mini-Mental State Examination scores
(MMSE). The rating scale of MMSE has 11 questions with a
total score of 30 points. The cut-off value which could distin-
guish dementia patients from healthy people was illiteracy—
less than 17 points, primary—Iless than 20 points, more than
high school—Iless than 24 points.

2.4. Statistical Analysis. SPSS 18.0 was used for all data entry
and subsequent analyses. The analyses included ¢-test, chi-
squared test, analysis of variance (ANOVA) with post hoc
LSD analysis, and Pearson’s linear correlation coefficient
when appropriate. The level of statistical significance was set
at P < 0.05.

3. Results

3.1. General Information. Demographic and clinical charac-
teristics of patients and controls are shown in Table 1. There
was no significant difference in age, gender, and education
distributions among the groups. In regard to clinical and
cognitive aspects, both “BPSD” and “No BPSD” groups did
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TABLE 1: Mean (M) and standard deviations (SD) of several demographic and clinical features of the patient and control groups.

BPSD No BPSD Control P value

Sample size (N) 40 37 39

Gender (M/F) 19/21 19/18 19/20

Age (years) 72.10 + 4.84 71.78 + 4.85 71.05 + 4.69 0.611

Education (years) 2.30 +1.31 2.38 +1.42 2.33+1.38 0.969

Duration of dementia (months) 21.58 +7.45 2092 +7.77 0.706

MMSE 12.50 £ 2.91* 12.59 + 2.77* 2346 +1.12 0.000"

*Significant difference (P < 0.05).

TABLE 2: Fasting plasma homocysteine in the three groups.

BPSD No BPSD Control P value
Numbers (N) 40 37 39
Homocysteine 5, 351389 1641+3.60 7.98+1.71 0.000*
(umol/L)

*Significant difference (P < 0.05).

not differ significantly in illness duration of dementia. Signif-
icant differences were observed in MMSE scores among the
three groups using one-way analyses of variance (ANOVA).
Moreover, with a post hoc analysis, we found that MMSE
scores were significantly lower in “BPSD” and “No BPSD”
groups than in health controls (P < 0.001) and had
no difference between the “BPSD” and “No BPSD” groups
(P = 0.864). Among all subjects taking part in the study
there was no significant correlation between age and MMSE
score and between illness duration of dementia and plasma
homocysteine (P > 0.05).

3.2. Comparison of Homocysteine Levels. There was a sig-
nificant difference among the three groups in homocysteine
concentration (Table 2). Further post hoc analyses illustrated
significant increases in plasma homocysteine concentrations
in BPSD and No BPSD groups compared with controls
(P < 0.001), with significantly higher level in BPSD group
than that in No BPSD group (P < 0.001). In addition, all
40 BPSD patients were hyperhomocysteine, while only 27
out of 37 patients without BPSD were hyperhomocysteine
(73.0%). In contrast, none of the healthy control group was
hyperhomocysteine. There were significant differences in
frequency ratio of hyperhomocysteine and nonhyperhomo-
cysteine individuals between three groups (P < 0.001).

3.3. The Relation between Homocysteine and Cognitive Dys-
function. The 40 patients of BPSD group had a mean MMSE
score of 12.50 + 2.91, ranging from 8 to 17 points. The mean
MMSE score of the No BPSD group was 12.59 +2.77, ranging
from 8 to 17 MMSE scores between the two patient groups
showed no significant difference (P = 0.864). There was a
prominent negative correlation between the homocysteine
and MMSE score in the BPSD group (r = 0.974; P < 0.001).
We also found a similar significant negative correlation in
the No BPSD patients (r = 0.929; P < 0.001) (Figure 1(a)).
As we expected, the correlation between homocysteine and

MMSE did not exist in control group (r = 0.033; P = 0.841)
(Figure 1(b)).

3.4. The Relation between Homocysteine and Duration of
Illness. As illustrated in Tablel, there was no significant
difference in the duration of AD between the AD patients
with and without BPSD. However, we found a significant
positive correlation between the homocysteine and the
illness duration of AD in the two patient groups (r = 0.988;
P <0.001; r = 0.974; P < 0.001, resp.) (Figure 2).

4. Discussion

The first important aspect of our finding is that we observed
that both “BPSD” and “No BPSD” groups had higher homo-
cysteine concentration than that of control group, while
BPSD patients showed higher homocysteine concentration
than No BPSD patients. Hence, this study implicated that the
concentration of hyperhomocysteinaemia played an impor-
tant role in pathogenesis of AD. Further, the result suggested
that higher level of plasma homocysteine might be related
to presence of BPSD in AD patients. Previous study found
no significant difference of the homocysteine concentration
between BPSD and No BPSD patients [24]. There were
very few studies that reported the association between
homocysteine and BPSD. We insisted that this was the
first study demonstrating that homocysteine was correlated
with BPSD. However, there was no consistent conclusion of
whether hyperhomocysteine had some relevance with the
absence of BPSD in AD patients. In future, more studies are
needed to assess the characteristics of the association between
homocysteine and BPSD.

The study also found that MMSE scores of the two AD
groups were significantly lower than control group, but there
was no significant difference between the two patient groups.
In the AD patient groups, there was a highly significant
negative correlation between the homocysteine and MMSE.
However, Tabet’s study [24] failed to find this correlation.
The mean MMSE score was significantly lower in the BPSD
group than that of No BPSD group but showed no significant
correlation between MMSE score and homocysteine. MMSE
score could reflect the degree of cognitive decline in patients.
With the decline in MMSE scores, the degree of cognitive
impairment in patients was aggravated. The result may
indicate that increase of plasma homocysteine can lead to
aggravation of the cognitive dysfunction in AD patients,
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FIGURE 1: The correlations between MMSE and homocysteine in AD patients. (a) A significant negative correlation between MMSE and
homocysteine in BPSD patients group (r = 0.974; P < 0.001). (b) A significant negative correlation between MMSE and homocysteine in No
BPSD patients group (r = 0.929; P < 0.001). Correlation lines are also shown.
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FIGURE 2: The correlations between duration of AD and homocysteine in AD patients. (a) A significant positive correlation between duration
of AD and homocysteine in BPSD patients group (r = 0.988; P < 0.001). (b) A significant positive correlation between duration of AD and
homocysteine in No BPSD patients group (r = 0.974; P < 0.001). Correlation lines are also shown.

which is consistent with previous reports [25]. However, there
was no correlation between MMSE score and BPSD. All
our findings supported that homocysteine is associated with
cognitive decline [26-28].

In our study, the range of the MMSE score was from 8
to 17 in the AD patients, which was obviously lower than
results of a previous report [24]. In that report, the MMSE
score ranged from 10 to 24, with higher than 20 scores
among sixty percent of the AD participants. There might be
some reasons to explain this. MMSE was more vulnerable

compared with education level. The years of education in our
subjects were all less than six years, while the Tabet study
did not provide the education years. The education cultural
differences between Eastern and Western countries should
also be taken into account. Therefore, the difference of MMSE
between two studies cannot rule out the effect of education
factor. In addition, the requirement of life quality may also
have difference, which meant that the inconsistency of the
study results might be caused by the severity of the AD disease
when the patients seek medical treatment.
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Moreover, plasma homocysteine concentration was pos-
itively correlated with the illness duration of AD patients.
It showed that homocysteine gradually increased with the
progression of AD, which was consistent with previous
findings [29]. As the etiology of AD is complex, AD is caused
by many factors working together. Homocysteine may be
just one of the factors and not the main or primary one.
However, it can contribute to the occurrence of AD or lead
to the aggravation of a variety of pathophysiological damage.
Finally, all these would make the disease more severe.

While our study has found some valuable results, there are
still some limitations in our study. First is that the assessment
of patients with and without BPSD was based only on the
subjective judgment of psychiatrist. Although the study fixed
the same psychiatrist to assess all patients to reduce the
errors between raters as much as possible, we did not use
an objective investigation scale in the assessment of BPSD.
A further limitation was that we did not have the concurrent
measurement of the serum vitamin B12 and folate. Previous
studies have demonstrated no link between vitamin B12 and
folate with BPSD [12-14], but the simultaneous determination
of vitamin B12 and folate can make the results of this study
exclude interference and be more convincing.

In the study, we had taken some efforts to ensure that
the plasma values of homocysteine were obtained to reflect
the accurate reflection of in vivo status. Blood samples of
recruited patients were collected in the morning after an
overnight fast, which increased the chance of obtaining a
“true” fasting blood. Then, these blood samples were trans-
ported immediately to the analyzing laboratory in line with
the strict protocol set. In addition, none of the patients had
any disease that could interfere with food intake or had a dis-
order affecting food absorption or received special diets. This
is in agreement with some reports adopting a strict standard
to obtain the most accurate homocysteine concentration [24].
A merit of this study is that we recruited a healthy control
group to compare the homocysteine concentration with AD
patients. Hence, we were more confident with difference of
homocysteine levels among the three groups and excluded
the impact of metabolism in human body. Even, some studies
recognized that the absence of a control group to compare the
mean homocysteine levels compared to those with AD as a
limitation [24].

This study found that the presence of BPSD in AD
patients may associate with homocysteine level, but there
was no significant correlation between the BPSD and the
cognitive dysfunction or duration of illness, which may be
caused by the smaller sample size and lack of the efficient
assessment tool for AD patients with and without BPSD.
In future, there will be other researches which expand the
sample size, and a longitudinal study would be conducted
to investigate the related factors of BPSD in AD patients.
In addition, the simultaneous determination of vitamin
B12 and folate is equally important. Establishing whether
a specific link exists between hyperhomocysteinaemia and
psychiatric symptoms in AD patients may have significant
therapeutic potential in discovering the relationship between
vitamin B12 and folate supplementation to provide necessary
assistance for the prevention and treatment of AD patients

with BPSD. Therefore, future research can combine with
molecular genetics, candidate genes including MTHEFR, CBS,
and serine hydroxymethyl transferase (SHMT) together, and
integrate the neuropsychological tests with neuroimaging
analyses so as to comprehensively reveal the role of high levels
of homocysteine in the pathogenesis of BPSD in AD patients.
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