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Abstract

Background: The irreversibility of cognitive impairment of Alzheimer’s disease (AD) prompts that preventing or
delaying the onset of AD should be a public health priority. Vitamin B supplements can lower the serum
homocysteine (Hcy) level, but whether it can prevent cognitive decline or not remains unclear. We aimed to
evaluate the preventive efficacy of vitamin B supplements on the cognitive decline of elderly adults.

Methods: We searched PubMed, Embase, The Cochrane Central Register of Controlled Trials (CENTRAL), Web of
Science, Scopus, Science Direct, PsycINFO from inception to December 1, 2019, and then updated the retrieved

results on June 1, 2020. The randomized controlled trials (RCTs) which evaluated the efficacy of vitamin B in mild
cognitive impairment (MCI) patients or elderly adults without cognitive impairment were selected. Standardized

mean difference (SMD) or mean difference (MD) as well as their 95 % confidence interval (Cl) were calculated by
performing random effects models or fixed effects models.

Results: A total of 21 RCTs involving 7571 participants were included for meta-analysis. The forest plots showed
that there is significant effect in global cognitive function (15 RCTs, SMD: 0.36; 95 % Cl: 0.18 to 0.54, P < 0.01) and
Hcy (11 RCTs, MD: -4.59; 95 %Cl: -5.51 to -3.67, P < 0.01), but there is no effect in information processing speed

(10 RCTs, SMD: 0.06; 95 % Cl: -0.12 to 0.25, P =0.49), episodic memory (15 RCTs, SMD: 0.10; 95 % Cl: -0.04 to 0.25,

P =0.16), executive function (11 RCTs, SMD: -0.21; 95 % Cl: -0.49 to 0.06, P = 0.13). The value of effect size and
heterogeneity did not vary apparently when excluding the low-quality studies, so we could believe that the results
of meta-analysis were robust.

Conclusions: Vitamin B supplements might delay or maintain the cognitive decline of elderly adults. We can
recommend that the vitamin B supplements should be considered as a preventive medication to MCl patients or
elderly adults without cognitive impairment. More well-designed RCTs with large sample sizes were required to
clarify the preventive efficacy in the future.
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Background

Alzheimer’s disease (AD) is the main cause that leads to
cognitive decline in elderly adults [1]. With the popula-
tion aging, the morbidity of AD rises rapidly among eld-
erly adults. The Alzheimer’s Disease International (ADI)
estimates that there are currently over 50 million people
living with dementia globally and there will be about
152 million dementia patients by 2050 [2]. The health-
care costs and economy burden of AD is enormous [3].
Furthermore, the total costs are closely related to the
different stages (mild, moderate, severe) and rises signifi-
cantly with the severity of AD [4]. Mild cognitive impair-
ment (MCI) is clinically significant memory impairment
that does not meet the criteria for AD and could be
regarded as the preclinical stages of AD. MCI as the
transitional stage between normal cognitive aging and
AD [5, 6], of which 5-10 % will progress to AD [7]. The
progression of MCI to AD is complex multifactorial de-
generative process and the trajectory of this process is
susceptible to some extent [8]. A study based on a math-
ematical model reported that delaying the onset of AD
by 5 years would result in a 57 % reduction in the num-
ber of AD patients and reduce the medical costs of AD
from $627 to $344 billion dollars [9]. Therefore, much
attention should be focused on the modifiable risk fac-
tors and effective intervention to prevent or delay the
progression of MCI to AD and preventing or delaying
the onset of AD should be a public health priority.

The main pathological characteristics of AD are the
amyloid plaques due to the accumulation of -amyloid
peptide (AP) and the neurofibrillary tangles (NFTs) that
contains hyperphosphorylated microtubule-associated
tau proteins [10, 11]. Homocysteine (Hcy) is a neuro-
toxic amino acid as a by-product of methionine trans-
methylation, which can cause the accumulation of AP
and brain atrophy [12]. Vitamin B12, folate and vitamin
B6 are cofactors for the methylation of Hcy and play a
vital role in lowering the levels of serum Hcy [13]. Low
serum status of vitamin B and high Hcy levels may cause
brain atrophy through oxidative stress and lead to the
cognitive decline of elderly adults [14—17]. The elimin-
ation of excess Hcy could be a potential therapeutic
intervention to improve cognitive function or delay the
onset of AD [18]. Folate and the metabolically related
vitamin B are considered promising for preventing or
delaying aged-related cognitive decline to people with
high serum levels of Hcy [19-21].

There have been several systematic reviews evaluating
the efficacy vitamin B for AD or MCI. A recent system-
atic review published in 2019 evaluated the efficacy of
treatment with vitamin B in slowing cognitive decline
among elderly adults with and without cognitive impair-
ment by the outcome measure of Mini-Mental State
Examination scores (MMSE) [22]. However, MMSE as
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the only outcome measure utilized in this review, it can-
not evaluate the therapeutic efficacy comprehensively.
There are other several existing resembling systematic
reviews which evaluated vitamin B12, vitamin B6, or
folic acid alone or in combination on cognitive function
in adults with either normal or impaired cognitive func-
tion. However, they focused on therapeutic efficacy ra-
ther than preventive efficacy [23-27]. Furthermore,
several most recent RCTs had not been systematically
reviewed [28-30].

Up to now, there is as yet no effective medication
to improve the cognitive function by alter the course
of AD [31]. In view of the irreversibility of cognitive
impairment, we should pay more attention to MCI
patient or elderly adults without cognitive impairment
rather than AD patients. Meanwhile, several random-
ized controlled trials (RCTs) concerning evaluating
the preventive efficacy of vitamin B supplements on
the cognitive decline of elderly adults were screened,
but the conclusions are inconsistent. Therefore, it is
necessary to conduct a systematic review and meta-
analysis to verify the preventive efficacy. We expected
that our research results will assist in guiding clini-
cians and health educator to optimize the prescription
patterns for the MCI patients and elderly adults with-
out cognitive impairment.

Methods

This systematic review and meta-analysis was conducted
according to Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) guidelines [32]
and Cochrane Handbook for Systematic reviews for In-
terventions [33]. The PRISMA Checklist was presented
in Additional file 1.

Search strategy

We intended to include all RCTs that compared the pre-
ventive efficacy of vitamin B supplements with placebo
in MCI patients or elderly adults without cognitive im-
pairment. We searched PubMed, Embase, The Cochrane
Central Register of Controlled Trials (CENTRAL), Web
of Science, Scopus, Science Direct, PsycINFO from in-
ception to December 1, 2019 and then updated the re-
trieved results on June 1, 2020. The main retrieval
approaches we used were standardized subject terms
(medical subject headings (Mesh) in PubMed, Emtree
terms in Embase), free text words, Boolean logic, trunca-
tion operator and search fields retrieval. The reference
lists of previous systematic reviews and relevant articles
were cross-checked to identify any potentially relevant
studies that met our inclusion criteria as well. The de-
tailed information of search strategy was listed in the
Additional file 2.
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Inclusion and exclusion criteria

Studies were included if they met all the following inclu-
sion criteria: (1) a placebo-controlled randomized con-
trolled trial; (2) MCI patients or elderly adults without
cognitive impairment; (3) the age of participants > 50
years; (4) with or without comorbidity of chronic dis-
ease, such as transient ischemic, diabetes, hyperhomo-
cysteinemia, unstable angina, hypertension and so on;
(5) intervention with vitamin B12, vitamin B6, or folic
acid alone or in combination in any form, frequency,
dosage; (6) used one or more outcome measures of cog-
nitive function; (7) articles published in English.

Studies were excluded if they met one of the following
exclusion criteria: 1) participants were diagnosed as Alz-
heimer’s disease or other forms of dementia; (2) patients
with cognitive decline due to head trauma or brain
tumor; (3) letters, comments, case reports, editorials,
animal studies.

Selection of studies and data extraction

Merged the records which retrieved from the differ-
ent sources and removed the duplicate records using
the software of EndNote X9. Two investigators (Li
and Xu) independently screened the title and ab-
stract of the records mentioned above and then re-
moved obviously irrelevant records. Read the full
text of the potentially relevant records to determine
eligibility for inclusion. If multiple resembling publi-
cations were derived from the same trial, kept the
latest one. When it comes to disagreements, con-
sulted with each other or turned to a third investiga-
tor (Fu) for judgement.

The two investigators extracted the following data inde-
pendently and then listed into the Table 1: first author,
year of publication, country, participants, the baseline
levels of serum Hcy, characteristics of participants
(intention-to-treat (ITT) population, mean age, the sample
size and proportion of male), intervention (different types
and combinations of vitamin B, frequency, dosage), treat-
ment duration. When the important information needed
for meta-analysis was unavailable, we sent emails to the
responsible authors for help. We extracted the mean and
SD of continuous variables from the graphs by utilizing
the software of GetData Graph Digitizer 2.26 (http://www.
getdata-graph-digitizer.com) when the valid data was pre-
sented only in graphs.

Quality assessment

Two investigators (Li and Xu) independently assessed
the risk of bias of each included study according to the
Cochrane risk-of-bias tool [51]. This tool assesses the
following risk of bias domains: random sequence gener-
ation (selection bias); allocation concealment (selection
bias); blinding of participants and personnel
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(performance bias); blinding of outcome assessment (de-
tection bias); incomplete outcome data (attrition bias);
selective reporting (reporting bias); other bias. The
judgement to the risk of bias of each domain can be cat-
egorized into low risk, high risk, or unclear bias. Any
disagreements were resolved by consensus or turned to
the third investigator (Fu) for judgement. The low-
quality assessment of studies included was not an exclu-
sion criterion.

Definitions of outcome measures

The studies involved substantial and different cognitive
function scales to assess the preventive efficacy of vita-
min B supplements, so the majority of cognitive function
scales were involved in only a few of studies. If we set
every cognitive function scale mentioned above as an
outcome measure for the meta-analysis, it would induce
only a few of studies were included in every outcome
measure for meta-analysis. To avoid this problem and
get a more convincing and robust result, we classified
each cognitive function scale into one of four categories:
(1) global cognitive function; (2) information processing
speed; (3) episodic memory; (4) executive function. Add-
itional file 3 lists the cognitive function scales involved
in studies and shows their cognitive domain categories.

Statistical Analysis

We performed the meta-analysis by using the version
5.3 of Review Manager (The Nordic Cochrane Centre,
Copenhagen). The forest plot for continuous data based
on mean change from baseline rather than post-
intervention values. If SD of mean change (SD¢yage) is
not presented, we assumed a particular correlation coef-
ficient (Corr) which describes the relationship between
the SD of baseline (SDpuseiine) and SD of final (SDpay).
This Corr can be obtained from the study [42] which
lists all of the SDpuseiines SDpaseiine and SDgjapge in its
paper. we attempted to calculate SDj4,,ge by the follow-
ing formula:

SDchange: \/SDﬁasehne-l-SDﬁnal - (2*C0rr*SDbaseline *SDﬁnal)

. Nonetheless, if the Corr of some outcome measures
cannot be obtained from any of the studies included, we
assumed the Corr of 0.5 between the SDpueine and
SDﬁnal'

The standardized mean difference (SMD) of change
scores as well as its 95 % confidence interval (CI) was
used when it comes to an outcome measure which con-
tained several different cognitive function scales; The
mean difference (MD) of change scores as well as its
95 % CI was used when it comes to an outcome measure
which contained only an identical measurement indica-
tors (for instance Hcy).
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Statistical heterogeneity of intervention efficacy was
assessed using the P value from the chi-squared test
combined with the I-square statistic. If the P>0.10 and
I-square statistic < 50 %, we considered the heterogeneity
to be moderate and used a fixed effects model which ig-
nored heterogeneity; If the P < 0.10 or I-square statistic >
50 %, we considered the heterogeneity to be substantial
and used a random effects model to obtain a relatively
conservative intervention evaluation effect.

In this case, the sources of heterogeneity can be ex-
plored by performing subgroup analysis. The subgroup
analysis can base on the characteristic as follows: (1)
treatment duration: short (<12 months) contrast long
(> 12months); (2) participants: MCI patients contrast
elderly adults without cognitive impairment. We
assessed the robustness of results by excluding the low-
quality studies and then compared the results to previ-
ous pooled estimate. We reported the results only if the
pooled estimates varied significantly.

In most of the cognitive function scales, higher cogni-
tive scores indicate better cognitive function. But there
are exceptions, in cases where they were reversed, we
multiplied the cognitive scores by —1. The levels of
serum Hcy in included studies used the conventional
unit (ng/ml) or Systeme International (SI) unit (umol/L).
we multiplied the conventional unit by the formula
weight of Hcy and then got the SI unit.

Results

Overall search findings

A total of 25,637 records were retrieved, 25,605 from the
seven electronic databases and 32 from manual search-
ing. After removed the duplicate records and obviously
irrelevant records, 39 records remained. Read the full
text then 18 records were excluded. The 18 excluded
studies as well as the reasons for exclusion were listed in
Additional file 4. A total of 21 eligible RCTs were in-
cluded for meta-analysis by reading the full text of the
potentially relevant records. The flow chart for the iden-
tification of studies was presented in Fig. 1.

Characteristics of included studies

These studies were originated from nine countries and
were published between 1998 and 2019. The sample
sizes of included studies ranged from 24 to 2214. A total
of 7571 participants were included in systematic review,
of which 3812 were in the intervention group and 3759
were in the control group. They were recruited from
homes, communities or hospitals. The participants of six
studies [28-30, 39, 41, 50] were MCI patients and the
other fifteen studies [26, 34—38, 40, 42—49] were elderly
adults without cognitive impairment. Some of these par-
ticipants were accompanied with one or more chronic
diseases, such as mental disorders, stroke, diabetes
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mellitus, transient ischemic attack or hypertension. The
baseline levels of serum Hcy of participants included
were high (ranged from 9.7 ~ 20.6 pmol/L). The mean
age of participants ranged from 60.0 to 83 in the inter-
vention group and 60.0 to 82 in the control group. The
treatment duration ranged from 1 month to 3.4 years,
eleven studies [28, 35, 36, 41, 44-50] <12 months and
ten studies [26, 29, 30, 34, 37-40, 42, 43] > 12 months.
The detail characteristics of 21 included studies were
presented in Table 1.

Quality assessment of included studies (risk of bias)

The risk of bias of included studies were summarized in
Fig. 2. Overall, the selection bias of the 21 studies in-
cluded was reasonable: 13/21 of the studies included
were assessed to have a low risk of bias for random se-
quence generation; 14/21 of the studies included were
assessed to have a low risk of bias for allocation conceal-
ment. The study conducted by Fei Ma which published
in 2019[28] had a high risk of bias for blinding of asses-
sors, participants and providers. Similarly, another study
conducted by Fei Ma which published in 2017[30] had a
high risk of bias for blinding of assessors. All the studies
included had a low risk of bias for incomplete outcome
data. The six studies included [26, 37, 39-42] were
assessed to have a low risk of bias for selective reporting,
and the protocols of the rest studies included were un-
available. The quality assessment results of risk of bias
were presented in Additional file 5.

Outcome evaluation

Four outcome measures of cognitive function (global
cognitive function, information processing speed,
episodic memory, executive function) and the levels
of serum Hcy were used to evaluate the preventive
efficacy of vitamin B supplements in MCI patients or
elderly adults without cognitive impairment. We
presented the detailed results of meta-analysis as
follows.

Global cognitive function

We pooled the data extracted from 15 RCTs [26, 28—30,
35, 37-43, 45, 47, 48] and found a substantial heterogen-
eity (heterogeneity test: Chi-square = 173.45, df = 14, P <
0.01, I-square =92 %). The intervention group achieved
significant preventive efficacy on global cognitive func-
tion (SMD: 0.36; 95 % CI: 0.18 to 0.54, P <0.01) by using
a random-effects model (see Fig. 3).

The sensitivity analysis revealed the pooled SMD
as well as its 95 %CI of global cognitive function
was robust. The obvious overlap of the 95 %CI of
short treatment duration (<12 months) contrast long
treatment duration (> 12months) and the test for
subgroup differences (P =0.67) indicated that there
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Fig. 1 Flow chart for the identification of studies

was no interaction between the pooled SMD and
treatment duration. On the contrary, the negligible
overlap of the 95 %CI of MCI patients contrast eld-
erly adults without cognitive impairment and the test
for subgroup differences (P =0.03) indicated that
there was interaction between the pooled SMD and
participants. The detailed results of subgroup ana-
lysis were presented in Table 2.

Information processing speed

We pooled the data extracted from 10 RCTs [34, 36, 37,
41-46, 49] and found a substantial heterogeneity (het-
erogeneity test: Chi-square =43.23, df=9, P<0.01, I-
square = 79 %). The intervention group achieved no pre-
ventive efficacy on information processing speed (SMD:
0.06; 95 % CI: -0.12 to 0.25, P = 0.49) by using a random-
effects model (see Fig. 4).
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Fig. 2 Risk of bias graph: the judgements about each risk of bias item presented as percentages

The sensitivity analysis revealed the pooled SMD
with its 95 %CI of information processing speed was
robust. The non-overlap of the 95 %CI of short treat-
ment duration (<12 months) contrast long treatment
duration (> 12months) and the test for subgroup dif-
ferences (P =0.007) indicated that there was inter-
action between the pooled SMD and treatment
duration. On the contrary, the obvious overlap of the
95 %CI of MCI patients contrast elderly adults with-
out cognitive impairment and the test for subgroup
differences (P =0.89) indicated that there was no
interaction between the pooled SMD and participants.
The detailed results of subgroup analysis were pre-
sented in Table 2.

Episodic memory
We pooled the data extracted from 15 RCTs [29, 34, 36,
37, 39-44, 46-50] and found a substantial heterogeneity

(heterogeneity test: Chi-square =71.81, df =14, P <0.01,
I-square = 81 %). The intervention group achieved no
preventive efficacy on episodic memory (SMD: 0.10;
95% CI: -0.04 to 0.25, P=0.16) by using a random-
effects model (see Fig. 5).

The sensitivity analysis revealed the pooled SMD with
its 95 %CI of episodic memory was robust. The obvious
overlap of the 95 %CI of short treatment duration (<12
months) contrast long treatment duration (> 12months)
and the test for subgroup differences (P = 0.09) indicated
that there was no interaction between the pooled SMD
and treatment duration. Similarly, the obvious overlap of
the 95 %CI of MCI patients contrast elderly adults with-
out cognitive impairment and the test for subgroup dif-
ferences (P=0.26) indicated that there was no
interaction between the pooled SMD and participants.
The detailed results of subgroup analysis were presented
in Table 2.

<
Vintamin B supplement Placebo Std. Mean Difference Std. Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI Year IV, Random, 95% ClI
Kwok Timothy(2019) 0.36 1.17 138 022 096 141 7.3% 0.13[-0.10, 0.37] 2019 I
Fei Ma(2019) 6.66 3.79 60 -0.03 4.54 60 5.8% 1.59[1.18,2.00] 2019 -
Fei Ma (2017) 9.3 5.41 90 0.01 8.33 90 6.6% 1.32[0.99, 1.64] 2017 B
Cheng D(2016) 62  12.87 57 085 1437 47 6.0% 0.39[0.00, 0.78] 2016 W
van der Zwaluw NL(2014) -0.1 1.82 1278 -0.3 1.82 1278 8.3% 0.11[0.03, 0.19] 2014 ™
Hankey GJ(2013) -0.22 182 1110 -0.25 208 1104 82% 0.02[-0.07, 0.10] 2013 T
Walker JG(2012) 1.36 1.62 447 078 1.63 453 8.0% 0.36 [0.22, 0.49] 2012 -
de Jager CA (2012) 0.034 0.299 110 -0.292 0.108 113 6.9% 1.15[0.87, 1.43] 2012 =
Ford AH(2010) -0.08 2.26 150 041 173 149  7.4% 0.01[-0.22, 0.24] 2010 -
van Uffelen JG(2008) -0.05 1.66 78 0 111 74 66% -0.04 [-0.35, 0.28] 2008 —
Durga J(2007) 0.067 0.038 405 0.017 0.332 413 8.0% 0.21[0.07, 0.35] 2007 -
McMahon JA(2006) 0.1 1.01 127 015 084 126 7.2% -0.05[-0.30, 0.19] 2006 -
Stott DJ(2005) 0.7 3.8 22 04 27 20 42% 0.32[-0.29, 0.93] 2005 T
Hvas AM(2004) 0.2 0.83 70 0.28 1.92 70 6.5% -0.05[-0.39, 0.28] 2004 BE: I
Garcia A(2004) 0.35 1.7 12 -009 179 12  31% 0.24 [-0.56, 1.05] 2004 I
Total (95% CI) 4154 4150 100.0% 0.36 [0.18, 0.54] .
Heterogeneity: Tau? = 0.10; Chi? = 173.45, df = 14 (P < 0.00001); I2 = 92% 2 1 : 1 2
Test for overall effect: Z = 3.97 (P < 0.0001) Vintamin B supplement  Placebo

Fig. 3 The preventive efficacy of vitamin B supplements versus placebo on global cognitive function
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Table 2 The results of subgroup analysis
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Outcome measures Subgroup The Num Pooled estimate P value /(%) Test for subgroup
of [SMD/MD differences
studies (95 %Cl)]

global cognitive function Treatment <12 7 0.35(-0.15, 0.84) P=017 87 P=067

duration months
>12 8 0.23(0.07, 0.40) p= 91
months 0.006
participants MCI patients 5 0.82(0.20, 1.45) P=001 95 P=0.03*
EAWCI 10 0.13(0.03, 0.23) P=001 66
information processing Treatment <12 5 -0.19(-0.38, 0.01) P=006 39 P =0.007*
speed duration months
>12 4 0.16(0.01, 0.31) P=004 64
months
participants MCI patients 1 0.04(-0.28, 0.36) P=079 NA P=089
EAWCI 9 0.07(-0.13, 0.27) P=050 81
episodic memory Treatment <12 7 -0.09(-0.27, 0.09) P=034 40 P=0.09
duration months
>12 6 0.08(0.02, 0.13) P=001 O
months
participants MCI patients 4 042(-0.24, 1.08) P=021 94 P=0.26
EAWCI 11 0.04(-0.04, 0.12) pP=034 28
executive function Treatment <12 4 0.01(-0.14, 0.17) P=087 0 P=021
duration months
>12 5 -0.29(-0.75, 0.16) P=020 96
months
participants MCI patients 3 -0.33(-0.81, 0.15) P=018 89 P=059
EAWCI 8 -0.17(-0.51,0.17) P=034 94
Hcy Treatment <12 7 -4.77(-6.28, -3.27) P<001 78 P =068
duration months
>12 5 -441(-5.27, -3.54) pP<001 82
months
participants MCI patients 3 -5.45(-6.51, -4.39) P<001 81 P =005
EAWCI 8 -4.13(-4.93, -3.32) P<001 65

Abbreviations: SMD standardized mean difference, MD mean difference, C/ confidence interval, MCI mild cognitive impairment, EAWC! elderly adults without

cognitive impairment, Hcy Homocysteine, NA not applicable
P<0.05

Executive function

We pooled the data extracted from 11 RCTs [29, 34, 36,
37, 39, 41-44, 46, 49] and found a substantial heterogen-
eity (heterogeneity test: Chi-square = 139.63, df = 10, P <
0.01, I-square =93 %). The intervention group achieved
no preventive efficacy on executive function (SMD:
-0.21; 95% CIL: -049 to 0.06, P=0.13) by using a
random-effects model (see Fig. 6).

The sensitivity analysis revealed the pooled SMD with
its 95 %CI of executive function was robust. The obvious
overlap of the 95 %CI of short treatment duration (<12
months) contrast long treatment duration (> 12months)
and the test for subgroup differences (P = 0.21) indicated
that there was no interaction between the pooled SMD
and treatment duration. Similarly, the obvious overlap of

the 95 %CI of MCI patients contrast elderly adults with-
out cognitive impairment and the test for subgroup dif-
ferences (P =0.59) indicated that there was no
interaction between the pooled SMD and participants.
The detailed results of subgroup analysis were presented
in Table 2.

Hcy

We pooled the data extracted from 11 RCTs [28-30,
34-36, 42—45, 48] and found a substantial heterogeneity
(heterogeneity test: Chi-square = 96.55, df =10, P <0.01,
I-square = 90 %). The intervention group achieved sig-
nificant preventive efficacy on Hcy (MD: -4.59; 95 % CL:
-5.51 to -3.67, P < 0.01) by using a random-effects model
(see Fig. 7).



Li et al. BMC Geriatrics (2021) 21:367

Page 10 of 14

Vintamin B supplement Placebo Std. Mean Difference Std. Mean Difference
_ Study or Subgroup Mean SD Total n D | _Wei V., Ran Y Y m V,
Kwok Timothy(2017) 0.21 0.86 137 001 073 134 11.5% 0.27 [0.04, 0.51] 2017 =
Dangour AD(2015) -1.5 4.91 99 05 586 102 10.8% -0.37 [-0.65, -0.09] 2015 T
van der Zwaluw NL(2014) -0.03 0.34 358 -0.02 0.34 373 13.2% -0.03[-0.17,0.12] 2014 T
van Uffelen JG(2008) 0.07 5.45 78 -0.14 429 74 10.0% 0.04 [-0.28, 0.36] 2008 I
Durga J(2007) -0.072 0.513 405 -0.159 0.517 413 13.3% 0.17[0.03, 0.31] 2007 k3
McMahon JA(2006) 178 20.27 127 957 47.35 126 11.4% 0.31[0.06, 0.56] 2006 E=n
Eussen SJ(2006) -0.08 2.09 66 -0.15 1.86 65 9.6% 0.04 [-0.31, 0.38] 2006 -
Lewerin C(2005) 0.1 1.04 129 044 131 66 10.4% -0.30 [-0.60, 0.00] 2005 —]
Stott DJ(2005) -1.2 5.6 19 1 3.2 20 5.2% -0.48 [-1.11, 0.16] 2005 -
Janet Bryan (2002) 0.913 0.06 19 0434 0441 21 46% 1.46 [0.75, 2.16] 2002 E——
Total (95% CI) 1437 1394 100.0% 0.06 [-0.12, 0.25] ?
Heterogeneity: Tau? = 0.06; Chi? = 43.23, df = 9 (P < 0.00001); |2 = 79% -2 '1 : % é
Test for overall effect: Z = 0.69 (P = 0.49) Vintamin B supplement Placebo
Fig. 4 The preventive efficacy of vitamin B supplements versus placebo on information processing speed

The sensitivity analysis revealed the pooled MD with
95 %CI of global cognitive function were robust. The ob-
vious overlap of the 95 %CI of short treatment duration
(€12 months) contrast long treatment duration (>
12months) and the test for subgroup differences (P =
0.680) indicated that there was no interaction between
the pooled SMD and treatment duration. On the con-
trary, the non-overlap of the 95 %CI of MCI patients
contrast elderly adults without cognitive impairment and
the test for subgroup differences (P = 0.05) indicated that
there was interaction between the pooled SMD and par-
ticipants. The detailed results of subgroup analysis were
presented in Table 2.

Discussion

Summary of results

This systematic review explored the preventive efficacy
of vitamin B supplements on the cognitive decline of
MCI patients or elderly adults without cognitive impair-
ment by synthesizing 21 eligible RCTs. We found that
vitamin B supplements can significantly lower the levels

of serum Hcy and prevent the decline of global cognitive
function. The substantial reduction of the levels of
serum Hcy verified that vitamins B are cofactors for the
methylation of Hcy and play a vital role in lowering the
levels of serum Hcy. Besides, the high levels of serum
Hcy of participants may also be a crucial factor. In view
of this, we can draw the conclusions that vitamin B sup-
plements can prevent or delay aged-related cognitive de-
cline by lowering the levels of Hcy. As for the other
three outcome measures (information processing speed,
episodic memory, executive function), the vitamin B
supplements was invalid. The difference in conclusions
may be related to the assumption that the vitamin B
supplements have efficacy on global cognitive function
rather than the other three outcome measures. Besides,
the assumption that the outcome measure of global cog-
nitive function was more sensitive than the other three
outcome measures to detect the change of cognitive
function may also be related to the difference.

The heterogeneity of every outcome measure was sub-
stantial and was caused by various reasons. First, both

Vintamin B supplement Placebo Std. Mean Difference Std. Mean Difference

_ Study or Subgroup Mean SD Total Mean D Total Weigh IV, Ran: % Cl Year IV, Random, 95% ClI

Kwok Timothy(2019) 0 067 138 -0.01 078 141  7.9% 0.01[-0.22, 0.25] 2019 ——

Kwok Timothy(2017) 0.3 0.71 137 015 073 134 7.8% 0.21[-0.03, 0.45] 2017 —

Dangour AD(2015) 0.15 0.82 99 036 1.63 102 7.3% -0.16 [-0.44, 0.12] 2015 =

van der Zwaluw NL(2014) 0.11 0.63 1231 0.08 0.63 1236 9.6% 0.05[-0.03, 0.13] 2014 [~

de Jager CA (2012) 0.051  0.195 110 -0.097 0.004 113  7.2% 1.08 [0.80, 1.36] 2012 —

Ford AH(2010) -0.23 2.89 150 -0.38 4.12 149  8.0% 0.04[-0.18,0.27] 2010 -

van Uffelen JG(2008) -0.283 0.427 78 -0.217 0.012 74 6.7% -0.21[-0.53, 0.10] 2008 -1

Durga J(2007) 048 0724 405 0.348 0.737 413  9.1% 0.18 [0.04, 0.32] 2007 -

McMahon JA(2006) -0.207 5.1 127 -0.103 365 126 7.7% -0.02 [-0.27,0.22] 2006 —_

Eussen SJ(2006) 0.36 2.48 66 047 085 65 6.4% -0.06 [-0.40, 0.28] 2006 T

Lewerin C(2005) 0.31 157 129 036 194 66 7.0% -0.03 [-0.33, 0.27] 2005 B

Garcia A(2004) 0.7 5.78 12 1 765 12 2.5% -0.04 [-0.84, 0.76] 2004 -

Hvas AM(2004) 0.15 0.07 70 034 086 70 65% -0.31[-0.64,0.02] 2004 e |

Janet Bryan (2002) 0.31 0.46 19 013 048 21 35% 0.37[-0.25, 1.00] 2002 I

Fioravanti M(1998) 0.47 0.73 16 -004 02 16 2.8% 0.93[0.19, 1.66] 1998

Total (95% CI) 2787 2738 100.0% 0.10 [-0.04, 0.25]

Heterogeneity: Tau? = 0.06; Chi? = 71.81, df = 14 (P < 0.00001); I* = 81% ’_2 '1 5 ; 2‘

Test for overall effect: Z = 1.40 (P = 0.16) Vintamin B supplement Placebo
Fig. 5 The preventive efficacy of vitamin B supplements versus placebo on episodic memory
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Vintamin B supplement Placebo Std. Mean Difference Std. Mean Difference

ro M D T n D | igh I m. 95% CI Year 1V, Random, 95% CI
Kwok Timothy(2019) 0 0.67 138 003 059 141 9.5% -0.05[-0.28,0.19] 2019 T
Kwok Timothy(2017) -0.8 0.6 137 0.06 0.55 134 9.3% -1.49[-1.76, -1.22] 2017 -
Dangour AD(2015) 0.6 4.64 99 14 534 102 92% 0.16 [-0.12, 0.44] 2015 T
van der Zwaluw NL(2014) 0.13 0.57 352 006 059 368 9.9% 0.12[-0.03,0.27] 2014 =
de Jager CA (2012) 0.018  0.386 110 0239 005 113  9.2% -0.81[-1.08, -0.53] 2012 —
van Uffelen JG(2008) 4.03 9.15 78 536 10.46 74 9.0% -0.13 [-0.45, 0.18] 2008 -1
Durga J(2007) -0.002  0.864 405 0.068 0.859 413  9.9% -0.08 [-0.22, 0.06] 2007 -
McMahon JA(2006) 0.031  11.47 127 0141 11.34 126  9.4% -0.01[-0.26, 0.24] 2006 -
Eussen SJ(2006) 0.17 1.76 66 0.13 3.12 65 8.8% 0.02 [-0.33, 0.36] 2006 -1
Lewerin C(2005) 0.24 1.58 129 029 174 66 9.1% -0.03 [-0.33, 0.27] 2005 B
Janet Bryan (2002) -0.041  0.198 19 -0.044 0257 21 67% 0.01[-0.61, 0.63] 2002
Total (95% CI) 1660 1623 100.0% -0.21 [-0.49, 0.06] -
Heterogeneity: Tau? = 0.19; Chi? = 139.63, df = 10 (P < 0.00001); I? = 93% b f t y
Test for overall effect: Z = 1.52 (P = 0.13) 2 - g 1 2

. : . Vintamin B supplement  Placebo
Fig. 6 The preventive efficacy of vitamin B supplements versus placebo on executive function

MCI patients and elderly adults without cognitive im-
pairment were included in our meta-analysis. Because of
age-related of degeneration, elderly adults were at high
risk of chronic disease, such as mental disorders, stroke,
diabetes mellitus, transient ischemic attack or hyperten-
sion. Different chronic diseases may influence the me-
tabolism of vitamin B or the assessment of cognitive
function; second, the baseline levels of serum Hcy of
participants varied significantly. The therapeutic efficacy
of vitamin B supplements in participants was signifi-
cantly associated with the baseline levels of serum Hcy
[52]; third, the treatment duration of studies included
ranged from 1 month to 3.4 years. It is generally believed
that longer treatment duration is more likely to achieve
better therapeutic efficacy; last, the cognitive function
scales utilized in studies were diversified. The 21 in-
cluded studies involved 53 different cognitive function
scales in total. One outcome measure was assessed by
several cognitive function scales in most cases.

We performed subgroup analysis and then found
that the treatment duration was the source of hetero-
geneity of information processing speed, but not for
the other three outcome measures. A longer

treatment duration can exert more significantly effi-
cacy on information processing speed. The results of
subgroup analysis showed that the different classifica-
tions of participants were the source of heterogeneity
of global cognitive function, but not for the other
three outcome measures. We can conclude that eld-
erly adults without cognitive impairment are more
sensitive to vitamin B supplements on global cognitive
function. In spite of this, the different results of sub-
group analysis may also be caused by the different
characteristics and aspects of outcome measures.

There are two other studies met the inclusion criteria,
but we did not include them in the meta-analysis due to
the unavailability of requisite data in their published re-
sults. The study conducted by Christopher B. Brady
et al. [53] reported that high daily doses of B vitamins
did not affect cognitive function in patients with chronic
kidney disease and end-stage renal disease. Similarly, an-
other study conducted by Jae Hee Kang et al. [54] found
that there no significant effects in cognitive function be-
tween vitamin B group and placebo group for the pa-
tients with cardiovascular disease (CVD) or CVD risk
factors.

Heterogeneity: Tau? = 1.85; Chi? = 96.55, df = 10 (P < 0.00001); I> = 90%
Test for overall effect: Z=9.77 (P < 0.00001)

Vintamin B supplement Placebo Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV. Random, 95% CI Year IV, Random. 95% CI
Fei Ma(2019) -7.26 1.55 60 -1.01 1.45 60 11.4% -6.25[-6.79, -5.71] 2019 -
Kwok Timothy(2019) -4.5 3.03 138 0.2 3.68 141 10.9% -4.70 [-5.49, -3.91] 2019 -
Fei Ma (2017) -6.11 4.31 90 -0.82 3.41 90 10.1% -5.29 [-6.43, -4.15] 2017 =
Kwok Timothy(2017) 5.2 4.83 137 -1.2 571 134 9.7% -4.00 [-5.26, -2.74] 2017 -
Cheng D(2016) -3.3 5.64 57 04 5.05 47 7.5% -3.70 [-5.76, -1.64] 2016 -
Dangour AD(2015) -2.9 4.41 99 0.2 581 102 9.3% -3.10 [-4.52, -1.68] 2015 -
Durga J(2007) -2.9 2.06 405 05 264 413 11.7% -3.40 [-3.72, -3.08] 2007 -
Eussen SJ(2006) -5.6 3.82 66 0.3 6.29 65 8.2% -5.90 [-7.69, -4.11] 2006 =
McMahon JA(2006) -6.4 4.7 127 -144 431 126 10.1% -4.96 [-6.07, -3.85] 2006 -
Stott DJ(2005) -5.9 6.6 23 08 27 24 5.4% -6.70 [-9.61, -3.79] 2005 -
Garcia A(2004) -1.49 2.69 12 0.7 4.32 12 5.5% -2.19[-5.07, 0.69] 2004
Total (95% ClI) 1214 1214 100.0%  -4.59 [-5.51, -3.67] L

Fig. 7 The preventive efficacy of vitamin B supplements versus placebo on Hcy
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Comparison with other studies

This systematic review revealed that vitamin B supple-
ments can significantly lower the levels of serum Hcy
and prevent the decline of global cognitive function, but
was invalid for the information processing speed, epi-
sodic memory, executive function. Conversely, another
two systematic reviews conducted by Andrew H. Ford
et al. (2019) [22] and Hankey GJ et al. (2013) [26] re-
spectively, reported that B-vitamin supplementation did
not show an improvement in MMSE scores for individ-
uals without cognitive impairment compared to placebo.
It should be noted that MMSE was the only outcome
measure in these two systematic reviews mentioned
above, and yet nine different cognitive function scales
were utilized to assess the global cognitive function in
our systematic review. Further, a meta-analysis con-
ducted by Clarke R et al. (2014) [25] showed that B vita-
mins had no significant efficacy, neither on MMSE-type
global cognitive function tests nor on specific cognitive
domain category (memory, speed, executive function
and domain-composite global cognitive function), in
spite of the Hcy lowering by dietary supplementation
with B vitamins. Similarly, another two systematic re-
views conducted by Annika Behrens et al. (2020) [55]
and Andrew H. Ford et al. (2012) [24] show that supple-
mentation of vitamins B12, B6, and folic acid alone or in
combination does not appear to improve cognitive func-
tion in individuals without existing cognitive impair-
ment. These two systematic reviews focused on the
cognitively unimpaired individuals and they ignored the
MCI patients who were in the transitional stage between
normal cognitive aging and AD. Preventing or delaying
the progression of MCI to AD is equally crucial. In a
systematic review (2014) [23] which pooled only 2 RCTs
showed that there were moderate beneficial effects of vi-
tamins B supplementation on memory, but there were
no significant difference on general cognitive function,
executive function and attention in MCI patients. There
was another meta-analysis conducted by Zhang et al.
(2020) [56] examine the association between intake
levels of vitamins B12, B6, and folate and cognitive func-
tion in older populations and found that vitamin B12,
folate and vitamin B6 showed no significant benefit on
cognition. The most obvious difference between this re-
view and ours was the difference types of study design
they based on. This review based on cohort studies while
our systematic review based on RCTs.

Limitations

This systematic review has several limitations worth
mentioning. First, the language of the studies was re-
stricted to English; second, the heterogeneity of studies
included was substantial, so the results of this systematic
review should be interpreted with caution. The
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conclusions drawn from the results may be susceptible
to change as more homogeneous and well-designed
RCTs were included in the future; third, there were four
outcome measures for the evaluation of preventive effi-
cacy in our meta-analysis, but the results of these were
inconsistent. It was difficult to draw definite clinical
practice recommendations in our meta-analysis.

Conclusions and recommendations
According to the results of meta-analysis, we can draw
the conclusions that vitamin B supplements can low the
serum Hcy levels and improve the global cognitive func-
tion, but cannot improve the information processing
speed, episodic memory, executive function of MCI pa-
tients and elderly adults without cognitive impairment.
On the whole, the effect sizes among vitamin B supple-
ments appear to be trivial. Prevention measures are
never likely to exert remarkable effect sizes on individ-
ual. But for the population level, the trivial effect sizes
can be amplified and result in substantial improvement.
In view of the results of different cognitive domain
categories and serum Hcy, we thought that vitamin B
supplements might delay or maintain the cognitive de-
cline of elderly adults. In consideration of the vitamin B
supplements is cheap and accessible, the vitamin B sup-
plements should be considered as a preventive medicine
to MCI patients or elderly adults without cognitive im-
pairment. More well-designed RCTs with large sample
sizes were required to clarify the preventive efficacy in
the future. In order to obtain smaller heterogeneity,
some consistency and universal cognitive function scales
are necessary to evaluate the cognitive function. More-
over, we can conduct a network meta-analysis to identify
the optimal dosage and combination of vitamin B12,
vitamin B6, or folic acid to the cognitive decline of MCI
patients and elderly adults without cognitive impairment
for future work plan.
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