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Abstract: Objective: To evaluate the relationship between homocysteine and cognitive function of Alzheimer’s dis-
ease (AD) patients and vascular dementia (VD) patients. Methods: By Cochrane system evaluation we retrieved
relevant publications from MEDLINE, Embase, OVID, controlled clinical trial database of the Cochrane library and
others. Two evaluators jointly assessed the research quality of the retrieved publications and carried out meta-
analysis on the homogeneous study. Results: MMSE score in the AD group was lower than that in normal control
group (MD =-11.98, 95% ClI (-13.30, -10.65)), and the homocysteine content was higher than that in the normal
control group (MD = 2.72, 95% CI (1.79, 3.64)), with a statistical difference between the two groups (P < 0.05). The
homocysteine content in the AD group was higher than that in the VD group (MD = -4.76, 95% CI (-7.59, -1.93), P <
0.05). Conclusions: MSE score and homocysteine content can be used as useful indicators to distinguish AD and
normal subjects; homocysteine content can be used as an indicator to differentiate AD from VD. Clinically, more
randomized controlled trials are needed to test and verify the relationship in cognitive function between homocys-

teine and AD and VD.

Keywords: Alzheimer’s disease, homocysteine, cognitive function, elderly people, meta analysis

Introduction

Alzheimer’s disease (AD), or senile dementia, is
the most prevalent form of dementia, but its
cause still remains unknown. The prevalence of
AD increases with age due to increased life
expectancy and consequently the growing pop-
ulation of the elderly. It has been predicted that
by 2050, 1 in 85 people will suffer from AD
globally [1]. As the global population is aging,
AD poses a severe threat to the health of the
elderly, compromising the quality of their lives
and inflicting a heavy burden on the patients,
their families and the society. AD is now the
fourth leading cause of elderly death following
carcinoma, heart disease and cerebrovascular
disease.

AD patients exhibit progressive degeneration of
the nervous system with a marked decrease in
the number of neurons, especially in the hip-
pocampus, formation of neurofibrillary tangles
(NFT) in neurons and appearance of a large
number of senile plaques (SP) between neu-

rons. Clinically, AD mainly manifests as progres-
sive loss of memory and cognition, speech dis-
order, and psychomotor abnormalities. Homocy-
steine is an important intermediate product of
methionine metabolism in vivo. Numerous stud-
ies have shown that hyperhomocysteinmia
plays an important role in the pathogenesis of
artherosclerosis and thromboembolic disease,
which has been considered as one of the inde-
pendent risk factors for AD [2-4]. Another study
[5] showed that abnormal elevation of homo-
cysteine may cause damage to the nervous sys-
tem. A prospective study by Swshadri et al. [6]
of 1092 volunteers with a mean age of 76 years
indicated that hyperhomocysteinemia was an
important independent risk factor for AD. When
plasma homocysteine level exceeds 14 umol/L,
the risk of suffering from AD is doubled; when
plasma homocysteine level increases 5 umol/L,
the risk of suffering from AD increases 40%.

In this meta-analysis, we analyzed differences
in plasma homocysteine levels between AD
patients, vascular dementia patients and nor-
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mal subjects so as to provide a reference for
clinical decision.

Methods
Study objects

Related documents published as of May 2013
on plasm homocysteine levels in elderly AD
patients.

Literature retrieval

The electronic databases of PubMed, MEDLINE,
EMBASE, CCTR, CNKI, CBM, WanFang DATA,
VIP database, and Google Scholar were search
from database start date to May, 2013. Two of
the authors (BW and YZ) independently
screened the titles and abstracts of the studies
from the electronic search to identify all cita-
tions potentially containing the comparison of
interest. They independently evaluated and
identified these studies by searching referenc-
es and abstracts from meetings to determine
the final set of included articles. Disagreements
were resolved by discussion and by further dis-
cussion with an independent colleague if nec-
essary. Publications in Chinese and English
were retrieved.

Chinese Biomedical Literature (CBM): Retrieval
field: Default field (including Chinese titles,
abstracts, authors, subject terms, feature
words, keywords, and journal titles).

Retrieval conditions: (default: Alzheimer’s dis-
ease or AD) and (default: homocysteine) and
(default: cognitive function) and (default:
elderly).

PubMed: Retrieval conditions: (Randomized
Controlled Trial [ptyp] OR (Clinical Trial [ptyp])
AND ((“Alzheimer disease” [All Fields] AND
“Homocysteine” [All Fields]) AND (“Cognitive
function” [All Fields]) AND (“The old” [All Fields])
AND (English [lang] OR Chinese [lang])).

Chinese Text CNKI-China Journal Net: Retrieval
conditions: ((key word = Alzheimer’s disease)
and (key word = homocysteine)) and (key word
= cognitive function) and (key word = elderly).

Literature screening

Literature inclusion criteria: (1) documents
were published one time; (2) the experimental
design was randomized controlled trials; (3)
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studies were carried out or published; (4) the
size of the sample was clearly stipulated; (5)
clear diagnostic criteria for cases were provid-
ed; (6) Study subjects were patients with AD or
vascular dementia; (7) the publication descri-
bed the comparison of MMSE scores and
homocysteine levels, etc.; (8) the methods of
data collection were scientific; (9) the methods
of data analysis were correct.

Exclusion criteria: (1) studies that did not pro-
vide the sources of cases and controls, non-
therapeutic clinical study, animal experiment,
studies that were not based on original data,
and studies with no clear grouping numbers; (2)
unclear diagnostic criteria for cases; (3) age <
60 years; (4) methods of data collection were
unscientific; (5) literature review; (6) methods
of data analysis were erroneous or not provid-
ed; (7) repeated publication; (8) retrospective
analysis.

Literature evaluation and data extraction and
analysis

Two of the authors (BW and YZ) made evalua-
tions separately and independently in terms of
the following aspects: (1) general data: the first
author of the document, publication year, the
source, the publication date and others; (2) the
design proposals for various studies; (3) the
number of samples (patients), characteristics
and treatment results included in various docu-
ments; (4) study outcome.

Statistical analysis

Meta-analysis was done using RevMan5.0 soft-
ware. For dichotomous data, relative risk (RR)
was used, and the 95% confidence interval (Cl)
was also indicated. For continuous data, stan-
dardized weighted mean difference (SMD) was
used, and the 95% CI was also indicated. We
considered a p-value of less than or equal to
0.05to be statistically significant. Heterogeneity
across the studies was tested using the |2 sta-
tistic, which quantitatively measures the degree
of inconsistency across studies. Studies with
an I statistic of < 25%, ~50%, ~75%, and
~100% were considered to have no, low, mod-
erate, and high heterogeneity, respectively [7].
A fixed-effects model (Mantel-Haenszel meth-
od) [8] was used when significant heterogeneity
was not present, whereas a random-effects
model (DerSimonian-Laird method) [9] was
used when significant heterogeneity existed (I
> 10%).

Int J Clin Exp Med 2014;7(12):5118-5123



Meta-analysis on elderly Alzheimer’s disease

Table 1. Basic characteristics of the included studies

Pub Number Sex (M/F) Mean age + SD (years)
Authors Journals Year
AD VD Con AD VD Con AD VD Con
Bottiglieri T Mech Ageing Dev 2001 48 7 22  16/32 4/3 7/15 71.0+ 85 72.9+6.2 75.6 6.2
Clarke R Arch Neurol 1998 164 108 64/100 46/62 73.2+8.6 72.8+8.8
Folin M Biogerontology 2005 79 13 24 NA 80.33+7.06 8246+4.75 71.24+9.69
Hogervorst E Arch Neurol 2002 137 277 55/82 138/139 73.9+9.0 73377
Koaseoglu E Clin Biochem 2007 51 67 40 21/30 42/25  17/23  7825+4.14 80.0+4.79 76.13+3.88
Miller JW Neurology 2002 32 15 22 13/19 9/6 8/14 78+7 76+5 75+5
Quadri P Clin Chem LabMed 2005 111 25 79  37/74 11/14  29/50 789+ 75 81.0+5.2 75.0+ 85
Storey SG J Gerontol 2003 50 50 50 33/17 32/18  33/17 79+ 10 78+9 79+9
AD: Alzheimer’s disease; VD: vascular dementia; Con: control.
AD Control Mean Difference Mean Difference

Study or Subgroup  Mean SD Total Mean SD Total Weight |V, Random, 95% Cl IV, Random. 95% Cl

Clarke R 1998 162 8 164 285 17 108 214% -1230[1357,-11.03) ™

Folin M 2005 1566 683 79 29 08 24 196% -1334[-14.88,-11.80] ™

Hogervorst E 2002 159 81 137 285 1.7 277 20.7% -1260[13.97,-11.23) ™

Miller JW 2002 17 6 29 1 22 158% -1200[14.12,-9.88] —

Quadri P 2005 18 55 111 27917 79 225%  -9.90[-10.99,-8.81] Ly

Total (95% Cl) 523 510 100.0% -11.98 [-13.30, -10.65] .

Heterogeneity: Taw? = 1.72; Chi2 = 17.42, df = 4 (P = 0.002); [2= 77% ] 1' ; '5 ; é 110

Test for overall effect: Z = 17.72 (P < 0.00001)

Favours experimental  Favours control

Figure 1. Forest plot showing MMSE scores of the Alzheimer’s disease (AD) group and the control (Con) group.

AD Control Mean Difference Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight |V, Random.95% Cl |V, Random, 95% CI
Bottiglieri T 2001 124 111 48 117 62 22 41% 0.70[-3.37,4.77]
Clarke R 1998 153 84 164 132 4 108 13.3% 2.10[0.61,3.59] -
Folin M 2005 2101 78 79 1579 555 24 T71% 5.22 [2.41,8.03] -
Hogervorst E 2002 147 49 137 128 39 277 168% 1.90 [0.96, 2.84] -
Koseoglu E 2007 142 297 51 103 128 40 17.0% 3.90[2.99,4.81] -
Miller JW 2002 106 2 32 93 22 22 155% 1.30[0.15, 2.45] =
Quadri P 2005 169 73 111 144 61 79 109% 2501[0.59, 4.41) -
Storey SG 2003 144 27 50 106 32 50 15.4% 3.80[2.64,4.96) -
Total (95% Cl) 672 622 100.0% 2.72[1.79, 3.64] L 2
Heterogeneity: Tau? = 1.09; Chiz = 23.30, df = 7 (P = 0.002): I = 70% " 5 ; 5 1 0
Test for overall effect: Z =5.76 (P < 0.00001) Favours experimental Favours control

Figure 2. Forest plot showing homocysteine content of the AD group and the Con group.

Results

Characteristics of included documents

Preliminary screening of the retrieved docu-
ments yielded 119 publications. Twenty-four
reviews, 70 non-clinical studies, and 7 retro-
spective analyses were excluded. Finally, 8

5120

publications were included for the current

meta-analysis [10-17].

Basic characteristics of the included studies

Authors, journals that published papers, study
time, the number of patients, gender, mean age
and others of the included studies are listed in
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AD VD
Study or Subgroup Mean SD Total Mean
Bottiglieri T 2001 123 59 48 101 91 7
Folin M 2005 1566 683 79 16.73 317 13
Miller JW 2002 17 6 32 21 3 15
Quadri P 2005 18 55 111 185 52 25
Total (95% Cl) 270 60

Heterogeneity: Tau? = 23.82; Chi? = 37.84, df = 3 (P < 0.00001); I* = 92%

Test for overall effect: Z=1.03 (P = 0.30)

SD Total Weight IV.Random.95% Cl

Mean Difference
IV, Random. 95% CI

Mean Difference

18.8%  220[-4.74,9.14]
2%  -1.07[:3.36,1.22)
26.8% -10.00 [-12.57,-7.43] *
2%  -050[-2.78,1.78]
100.0%  -2.69 [-7.82, 2.44]
20 40 0 10 20

Favours experimental Favours control

Figure 3. Forest plot showing MMSE scores of the AD group and the vascular dementia (VD) group.

AD VD Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% Cl IV, Random, 95% Cl
Bottiglieri T 2001 124 111 48 196 168 7 40% -7.20[-20.04, 5.64] -
Folin M 2005 2101 78 79 2454 812 13 143%  -3.53[-8.27,1.21) T
Koseoglu E 2007 142 297 51 186 415 67 228%  -4.40[-5.89 -3.11] Lt
Miller JW 2002 106 2 32 122 44 15 206%  -1.60[-3.93,0.73 -
Quadri P 2005 169 73 111 20 81 25 177%  -3.10[-6.55, 0.3 ™
Storey SG 2003 144 27 50 2454 812 50 205% -10.14[-12.51,-7.77] e
Total (95% Cl) 37 177 100.0%  -4.76 [-7.59, -1.93] ’
Heterogeneity: Tau? = 8.69; Chiz = 28.40, df = 5 (P < 0.0001); I* = 82% _2'0 ] 1' 0 0 1'0 2'0

Test for overall effect: Z = 3.30 (P =0.0010)

Favours experimental Favours control

Figure 4. Forest plot showing homocysteine content of the AD group and the VD group.

Table 1. The included 8 publications covered
totally 1471 persons. The largest number was
414 and the smallest 69 years. They included
672 AD patients, 177 vascular dementia
patients and 622 normal subjects.

Comparison of indicators in various groups

Comparison of MMSE scores between the AD
group and the control group: Five publications
[10-14] studied and reported MMSE scores of
the AD group and the control group. Upon
examination, heterogeneity was found to exist
between various studies (P = 0.002, 2= 77%),
so random effects model was used. The result
showed that the combined MD value was
-11.98, 95% Cl (-13.30, -10.65). Upon examina-
tion, the results were of statistical difference (Z
= 17.72, P < 0.00001), indicating that the
MMSE score of the AD group was lower than
that of the control group (Figure 1).

Comparison of homocysteine content between
the AD group and control group: Eight publica-
tions [10-17] studied and reported the result of
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homocysteine content between the AD group
and the control group. Upon examination, het-
erogeneity was found to exist among various
studies (P = 0.002, I>= 77%), so random effects
model was used. The result showed that the
combined MD value was 2.72, 95% Cl (1.79,
3.64). Upon examination, the results were of
statistical difference (Z = 5.76, P < 0.00001),
indicating that homocysteine content of the AD
group was higher than that of the control group
(Figure 2).

Comparison of MMSE scores between the AD
group and the vascular dementia group: Four
publications [10-17] studied and reported the
result of MMSE scores of the AD group and the
vascular dementia group. Upon examination,
heterogeneity was found to exist among vari-
ous studies (P = 0.00001, I?= 92%), so random
effects model was used. The result showed
that the combined MD value was -2.69, 95% Cl
(-7.82, 2.44). Upon examination, the results
were of statistical difference (Z = 1.03, P =
0.30), indicating that MMSE score of the AD

Int J Clin Exp Med 2014;7(12):5118-5123
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group was not statistically different from that of
the vascular dementia group (Figure 3).

Comparison of homocysteine content between
the AD group and the vascular dementia group:
Six publications [4, 10-15, 17] studied and
reported the result of homocysteine content
between the AD group and vascular dementia
group. Upon examination, heterogeneity was
found to exist among various studies (P <
0.0001, I>= 82%), so random effects model
was used. The result showed that combined
MD value was -4.76, 95% CI (-7.59, -1.93). Upon
examination, the results were of statistical dif-
ference (Z = 3.30, P = 0.0010), indicating that
homocysteine content of the AD group was
higher than that of the cascular dementia group
(Figure 4).

Discussion

Homocysteine is an intermediate product of
methionine metabolism. Many studies showed
that homocysteine was an independent risk
factor for coronary artery disease, cerebrovas-
cular disease, peripheral vascular disease and
others. Some studies held that hyperhomocys-
teinemia played a role in the occurrence and
development of AD. Studies have shown that
high homocysteine caused cognitive function
and resulted in AD, which may be associated
with biochemical damage caused by oxidative
stress [16]. High levels of homocysteine can
markedly increase the content of oxygen free
radicals and promote the formation of nitric
oxide. High levels of nitric oxide can become
neurotoxic substances [18]. Oxygen free radi-
cals can promote schizolysis of APP (3 amyloid
protein precursor) and formation of AR amyloid
protein, thus increasing the generation and
deposition of AB, which is the main pathological
change in AD.

Our study result showed that when the AD
group was compared with the normal control
group, the MMSE score was lower and the
homocysteine content higher, with a statisti-
cally significant difference between the two
groups (P < 0.05). When the AD group was
compared with the vascular dementia group,
the MMSE scores were not significantly differ-
ent between the two groups (P > 0.05); the
homocysteine content of the AD group was
lower than that of the vascular dementia group,
with a statistically significant difference (P <
0.05).
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According to the comprehensive outcome from
the above documents, it was generally consid-
ered that the MMSE score and homocysteine
content could be used as one of the indicators
to distinguish AD and normal elderly subjects,
and the homocysteine content as one of the
indicators to distinguish AD and vascular de-
mentia.

The result of our meta-analysis was limited in
the following aspects: firstly, although our study
included 8 publications, we did not make strati-
fied analysis on gender and different ages, so
we could not see more detailed outcome; sec-
ondly, there existed selection bias that could
not be excluded and the influence of confound-
ing factors that could not be determined; fur-
thermore, there existed methodological defects
in publications included in our meta-analysis,
such as not clearly explaining random method,
blinding method and others, which affected our
analysis results.

It is held in evidence-based medicine that the
evidence obtained from randomized controlled
clinical trials has the strongest authenticity and
reliability; and the comprehensive conclusion is
more convincing from systematic evaluation on
multiple RCT and meta-analysis, as compared
with single RCT. Most studies included in our
analysis are retrospective case-control studies
and do not belong to the RCT category in the
strict sense, which directly affects the demon-
stration strength of our meta-analysis result. In
the future, when making systematic evaluation
on multi-center RCT studies among elderly peo-
ple, we are hopeful to obtain conclusive evi-
dence on the relationship in cognitive function
between homocysteine and AD, then offering
directions to clinical practice and making clini-
cal intervention strategy more rational.
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