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Abstract

Purpose Vitamins and polyunsaturated fatty acids (PUFAs) have been studied extensively as safe and manageable nutrient
interventions for mild cognitive impairment (MCI). The purpose of the current meta-analysis was to examine the effects of
vitamins and PUFAs on cognition and to compare the effects of single and multiple nutrient subgroups in patients with MCI.
Methods Randomized controlled trials (RCTs) written in English and Chinese were retrieved from eight databases, namely,
PubMed, CENTRAL, Embase, CINAHL, Web of Science, SinoMed, CNKI, and Wanfang Data, from their respective dates
of inception until 16 July 2023. The quality of the included studies was assessed using the Cochrane Risk of Bias Tool 2.0.
Meta-analyses were performed to determine the standardized mean differences (SMDs) in global cognitive function, memory
function, attention, visuospatial skills, executive function, and processing speed between the supplement and control groups
using 95% confidence intervals (CI) and /. Prospero registration number: CRD42021292360.

Results Sixteen RCTs that studied different types of vitamins and PUFAs were included. The meta-analysis revealed that
vitamins affected global cognitive function (SMD=0.58, 95% CI=[0.20, 0.96], P=0.003), memory function (SMD =2.55,
95% CI=[1.01, 4.09], P=0.001), and attention (SMD=3.14, 95% CI=[1.00, 5.28], P=0.004) in patients with MCI, and
PUFAs showed effects on memory function (SMD =0.65, 95% CI=[0.32, 0.99], P <0.001) and attention (SMD =2.98, 95%
CI=[2.11, 3.84], P<0.001). Single vitamin B (folic acid [FA]: SMD=1.21, 95% CI=[0.87, 1.55]) supplementation may
be more effective than multiple nutrients (FA and vitamin B12: SMD=0.71, 95% CI=[0.41, 1.01]; and FA combined with
docosahexaenoic acid [DHA]: SMD =0.58, 95% CI=[0.34, 0.83]) in global cognitive function.

Conclusions FA, vitamin B6, vitamin B12, and vitamin D may improve global cognitive function, memory function, and
attention in patients with MCI. Eicosapentaenoic acid (EPA) and DHA may improve memory function and attention. We
also noted that FA may exert a greater effect than a vitamin B combination (FA and vitamin B12) or the combination of
FA and DHA. However, because of the low evidence-based intensity, further trials are necessary to confirm these findings.
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Introduction

The construct of mild cognitive impairment (MCI) empha-
sizes global cognitive dysfunction and various degrees of
impairment within cognitive domains, including memory,
attention, visuospatial skills, executive function, and pro-
cessing speed [1, 2]. Patients with MCI experience an
increasing risk of progressing to dementia as their condi-
tion worsens [3, 4]. Individuals with MCI aged > 65 years
exhibited a high 2-years dementia incidence (14.9%) [5].
Therefore, effective interventions to mitigate cognitive
impairment and prevent dementia are urgently needed [6].

Various interventions have been implemented in
patients with MCI to improve function in various cogni-
tive domains and delay dementia [7, 8]. Nutrients rank
highly among these interventions, as they are less costly
and have an improved safety profile [9, 10]. Among the
micronutrients, vitamin B (vitamin B6, vitamin B12, or
folic acid [FA]) can reduce high homocysteine concentra-
tions, which are related to brain health [11, 12]. Vitamin
D, C, or E have anti-inflammatory and neuroprotective
effects [11, 12]. Among the macronutrients, n — 3 poly-
unsaturated fatty acids (PUFAs) (eicosapentaenoic acid
[EPA] or docosahexaenoic acid [DHAY]), lipidic molecules
with several double bonds in their aliphatic chains, are
linked to a reduced risk of cognitive decline [11, 13]. In
addition, multiple nutrients of the same (complex supple-
ments of FA, vitamin B12, and/or vitamin B6, or complex
supplements of EPA and DHA) and different categories
(vitamins combined with PUFAs) have also been explored
for their potential effects on cognition [14, 15].

Although numerous systematic reviews have examined
the effects of vitamins and polyunsaturated fatty acids
(PUFAs) on cognitive function, their findings have been
inconsistent, likely due to variability in factors such as
research samples and study designs [16, 17]. For instance,
divergent outcomes have arisen in the analysis of Vita-
min B’s impact across different cognitive domains, which
underscores the current lack of robust data to establish a
definitive causal relationship between nutrients and cog-
nitive function [17, 18]. Consequently, there remains a
dearth of conclusive recommendations for using vitamins
and PUFAs to address mild cognitive impairment (MCI).

Comparative analyses of single versus combined nutri-
ent interventions are sparse. Notwithstanding, recent
trials have begun to assess these differences. For exam-
ple, a randomized controlled trial (RCT) indicated that
a combination of folic acid (FA) and vitamin B12 was
more efficacious than either nutrient alone [19]. Similarly,
RCTs in 2021 found the pairing of FA and docosahexae-
noic acid (DHA) to be superior in cognitive enhancement
than singular nutrient administration [20, 21]. However,
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these trials were limited by small sample sizes and short
follow-up periods, which may not fully capture the cogni-
tive effects. As such, meta-analyses are indispensable for
deriving stronger evidence.

In summary, this meta-analysis aimed to (1) systemati-
cally summarize existing RCTs to assess the effects of vita-
mins and PUFAs and (2) perform a comparative analysis of
the effect of single and multiple nutrients on global cognitive
function and various cognitive domains, including memory
function, attention, visuospatial skills, executive function,
and processing speed, in patients with MCIL.

Materials and methods
Design

This meta-analysis of RCTs was based on the Preferred
Reporting Items for Systematic Reviews and Meta-Analysis
checklist [22]. The study was registered in the PROSPERO
register (CRD42021292360) and is available at http://www.
crd.york.ac.uk/PROSPERO.

Eligibility criteria

Studies that met the following criteria were included: (1)
patients aged > 60 years were diagnosed with MCI using the
modified Petersen’s diagnostic standard [23] (participant);
(2) the interventions consisted of vitamins and/or PUFAs
taken orally (intervention); (3) control interventions had no
specific risk-modifying effects (e.g., usual care or placebo)
(comparison); (4) the outcomes included the following:
effect on global cognitive function and/or cognitive domains
(memory, attention, visuospatial skills, executive function,
and processing speed) (outcome); (5) RCTs (study design).

Studies that met the following criteria were excluded:
(1) patients with psychiatric problems (e.g., depression) or
comorbid conditions that may alter performance on cogni-
tive tests (e.g., stroke, head injuries, Parkinson’s disease, and
learning disabilities); (2) cognitive interventions, physical
interventions, or drug interventions; (3) pilot trials denoted
in the title or abstract; (4) narrative or systematic reviews,
conference abstracts, and protocols; (5) reports not written in
English or Chinese; (6) animal experiments; and (7) dupli-
cated publications.

Search strategy

We searched the following databases from their dates of
inception to July 16, 2023, for relevant studies in English
and Chinese: PubMed, the Cochrane Central Register of
Controlled Trials (CENTRAL), Excerpta Medica Database
(EMBASE), Cumulative Index to Nursing and Allied Health
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Literature (CINAHL), Web of Science, the Chinese Bio-
Medical Literature Database (SinoMed), China National
Knowledge Infrastructure (CNKI), and Wanfang Data. The
search string was built as follows: (mild cognitive impair-
ment OR cognitive dysfunction) AND (nutrient OR vitamin
OR fatty acid) AND (randomized controlled trials). The full
search strategy used for the eight databases is shown in Sup-
plementary Table S1. The electronic database search was
supplemented by a manual search of the reference lists of the
articles included for potentially related articles.

Study selection and data extraction

Two reviewers (Jing Chang and Shiyu Zhou) independently
identified studies that met the inclusion criteria by screen-
ing the titles and abstracts. If the information in the title
and abstract was insufficient, the full text was obtained to
determine the eligibility of the study for inclusion in this
meta-analysis. If numerous articles were written about an
RCT, the article that reported the highest number of out-
comes was included. Any disagreements were resolved after
discussions with three other reviewers (Hongyu Sun, Yan Ji,
and Minhui Liu). For each eligible study, information about
the first author’s name, publication year, country, diagnostic
criteria for MCI, characteristics of participants, interven-
tion duration, supplementation doses, outcome measures,
baseline blood concentrations of nutrients, and baseline cog-
nition of participants was extracted using a self-designed
standardized form. We extracted the long-term data (e.g.,
twelve-month data) reported by the study if the outcome
data were available at different time points (e.g., 3, 6, and
12 months). If a trial had two or more nutrient groups, the
sample size, mean, and standard deviation of each group
were pooled into a single measurement [24]. In addition, the
mean, standard deviation, and sample size of the interven-
tion group and control group of each trial were extracted for
meta-analysis. We excluded trials from the meta-analysis in
which the mean, standard deviation, and sample size could
not be obtained despite our best attempts. Two reviewers
(Jing Chang and Shiyu Zhou) independently extracted the
data using EndNote X9.3.3.

Risk of bias assessment

Two reviewers (Jing Chang and Shiyu Zhou) used the
Cochrane risk-of-bias tool 2.0 [25] to independently assess
the risk of bias in the included RCTs. The key assessment
areas included bias arising from the randomization process,
deviations from intended interventions, due to missing out-
come data, in the measurement of the outcome, and in the
selection of the reported results. Each criterion was quali-
fied as either low, some concerns, or a high risk of bias. The
overall quality of each study was determined by checking

each criterion for the five domains of the risk of bias. Disa-
greements between the reviewers were resolved by consen-
sus through discussion with three other expert reviewers
(Hongyu Sun, Yan Ji, and Minhui Liu).

Outcome measurements

The primary outcome of interest was the global cognitive
function level, which was measured using the mini-mental
state examination (MMSE), full-scale intelligence quo-
tient (FSIQ), basic cognitive aptitude tests (BCAT), clini-
cal dementia rating scale sum of boxes (CDR-SOB), or the
repeatable battery for the assessment of neuropsychological
status (RBANS). The secondary outcomes were memory
function, measured with the Hopkins Verbal Learning Test-
revised (HVLT-R), the digit span from FSIQ, or Rey Audi-
tory Verbal Learning Test (RAVLT); attention, measured
using the Trail Making Test A (TMT-A), the digit span from
FSIQ, or symbol cancelation test; visuospatial skills, meas-
ured using the block design from FSIQ; executive function,
measured with the trail making test B (TMT-B), clock draw-
ing test (CDT), or executive clock drawing task (CLOX);
processing speed, measured with the TMT-A or the digit
symbol from FSIQ.

Data synthesis and meta-analysis

Review Manager 5.3 software (The Nordic Cochrane Centre,
The Cochrane Collaboration, Copenhagen, Denmark) was
used to perform the meta-analysis. Because all data were
continuous, the data were expressed using the mean differ-
ence (MD) with 95% confidence intervals (CIs). The stand-
ardized mean difference (SMD) was used when different
scales were applied to measure the same outcome. Hetero-
geneity in the included studies was quantified using the 12
statistic. When the I? was > 60%, the study was considered
to show high heterogeneity. Sensitivity analysis was used
to analyze the source of heterogeneity by excluding studies
of poor quality or those in which the control interventions
potentially exerted potential treatment effects. We also car-
ried out subgroup analyses to identify potential sources of
heterogeneity, which we based on probable covariates: the
number of participants within each group, the ages of par-
ticipants, and the duration of the supplement intervention.
For instances where more than two subgroups existed, meta-
regression was employed to investigate the interaction effect.
The type of subgroup analysis was prespecified to determine
whether the summary effects varied with the clinical charac-
teristics of the included trials. We performed subgroup anal-
ysis according to the different types of vitamins and PUFAs
to compare different treatment effects between single and
multiple nutrients. The SMD determines the significance of
the pooled effect size. Publication bias was assessed using
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funnel plots, which visually represented the estimation of the
treatment effect in the studies included in the meta-analysis.
If publication bias exists, the funnel plot is affected by an
asymmetrical appearance, and the meta-analysis could over-
estimate the treatment effect. The “metafunnel” package was
adopted to generate the funnel plot in Stata MP, version 14.0
software.

Results

Study selection

Initially, 8858 potential articles were retrieved from the
electronic databases and reference lists. After removing

duplicates, 5861 articles were screened based on their titles
and abstracts. Five thousand eight hundred and twenty-three
articles were excluded because they did not meet the inclu-
sion criteria. We then assessed the 52 remaining articles
for eligibility based on the full text, and 16 RCTs [19-21,
26-38] were included in this meta-analysis. A flow diagram
of the selection procedure is shown in Fig. 1.

Characteristics of the included studies

The study’s characteristics are listed in Table 1. Sixteen
included studies were published between 2012 and 2022.
The studies were mainly conducted in China (n=10), and
the rest were conducted in New Zealand (n=1), the United
Kingdom (n=2), Cyprus (n=1), Iran (n=1), and Malaysia

[ Identification of studies via databases and registers ]

Records removed before

o | screening:

" Duplicate records removed
(n=2997)

: Records identified from:
3 Cochrane=1306, Pubmed=1076,
S Embase=4396, CINAHL=255, WOS=1753,
£ CNKI=16, Wanfang=34, Sinomed=22
[}
= Total (n = 8858)
Records screened by title and
abstract —»
(n=5861)
o
=
2
o v
(7]
Full-text articles assessed for
eligibility o
(n=52)
v
2 - o
° Studies included in review
=
S| | m=16)
=

Fig. 1 Flowchart of the search results in the review
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Records excluded

(n=5823)

1.Not relevant population or intervention
2.Review or meta-analysis
3.0Observational studies or other
experimental design types

4.Animal studies

5.Studies on combined interventions

Reports excluded:
Unable to find full-text (n = 6)
Wrong experimental intervention (n =
14)
Wrong control groups:4
Wrong primary outcome:7
Wrong study design:5
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(n=1). The studies identified 2528 participants, with a sam-

L WB B
o == .2
e i g =2Z .2 .
° S 3 = = g ple size of 30-256. One thousand four hundred forty-five
(=) ~— . . .
ié _ 3 & R were female, representing 57.2% of the total participants.
?5 § S £ E Qg) The mean age of the participants in the intervention group
=9 3] .
£ 3 S>Z% ranged from 65.5 to 77.6, whereas the mean age in the con-
0 = [ ] —_— .
;é s %éi & trol group ranged from 63.5 to 81.2. There were no sig-
Tvc; g 4] ) 2 -% E nificant differences in blood concentrations of nutrients or
g 2
e c e E E E cognitive function between participants in the intervention
' 5 | § é N 5 5 group and control group.
20 28 & o = P The treatments used in the included studies were oral
83 SEER ST E > . . . . .. .
£ 1o SR nutrients, including single vitamin B (FA, n=2), multiple
° 2z as %) b7 I~ . . . . . .
25 RESEES 8.8 B vitamins (combination of FA and vitamin B12, n=2; the
3 E =23 <8 [SER=]
B2 o & &G oS E combination of FA, vitamin B12, and vitamin B6, n=2),
£5 |3o% = é S E i single vitamin D (n= 1), multiple vitamins (vitamin C and
Z £ a4 Eg ES K N . .
2 3 7R Z £ E § E compound, n=1; vitamin E and vitamin B compound,
Q N .
Eonwfs |22 n=1), single n—3 PUFA (DHA, n=1), multiple n—3
° =Sw 5z =] . . .
E: £ gﬁ‘é £ ; g r: § g 8= El PUFAs (DHA combined with EPA, n=3), and multiple
§ § 5= E TEE0 © g g TV; nutrients of different categories, that is, vitamins combined
g "§ g '§u with PUFAs (FA and DHA compound, n =2; combination
- 2 f e é“ :g‘ of vitamin A, vitamin E, DHA, EPA, gamma linoleic acid
S g — . . .
g g ° g v 5 [GLA], and linoleic acid [LA], n=1). The treatment dura-
5 E &z &
A & 2=E ¢S tion ranged from 6 to 24 months.
E 2253
2] =] = =
E 2 :E 323
= ;A= =
2 <:=F 20 él,’ S & . .
e 25 ¢ £25 2 Risk of bias
= E =P Regarding the overall quality of the included studies, 31.25%
Q . . .
o) Eg ; L had some concerns regarding the risk of bias, 62.5% had a
S s ”z Lé 8 “ low risk of bias, and 6.25% had a high risk of bias (Fig. 2).
c 4 < . . . . .
S| 2 2 %) ':; zg One study [33] had a high risk of bias in the selection of the
= @ — =3 ) . . .
Sls 5 : ~ g :) reported result domain, eight studies [19-21, 27, 28, 30-32]
g |e x5 o 5 had a low risk of bias, and five studies [26, 29, 34-36] had
s | = S =3 . :
= |F PO (2 g= some concerns about the risk of bias, mainly due to devia-
= 82 S & tions from the intended interventions domain and selection
)
g L EE2E .
S| . 23275 of the reported result domain.
S | % 353K
2 |+ o &8 n S
s | 8 ~ s~ I
HENE EEE E <
A EN = 20 s 4 Analysis of primary outcome: global cognitive
1S |+ SxEg8 functi
g5 | ez unction
z|2|E £S5z 8
s 25F £ 3 . . .
Z s ] :“j) o § § Sixteen studies [19-21, 26-38] assessed the effects of vita-
S = O — . .. . . .
s |2 228297 mins and/or PUFAs on global cognitive function in patients
19 | g S 3.8 & g g p
gz |2 c 228 < with MCI. Of these, five used the MMSE, two used the
§ ‘Fg 5.2 E BCAT, one used the CDR-SOB, one used the RBANS, and
2 5 53 b § g g ; seven used the FSIQ to measure global cognitive function.
2 = (=] = . . .
%g 5 ; 2 9 E E % g %’ Two studies [34, 37] could not be included in this meta-anal-
8535 | &7 »Q & i g ysis, as the original data were unavailable. Vitamins might
S| . , 3 f‘% E & 2 have a beneficial effect on global cognitive function com-
S| g ~ E . . .
g8 E Eﬂ E B Z) 9: N %‘ pared with the control interventions (Z=2.99, SMD =0.58,
= o = “x ~ .
g1|° P 2ESS2 95% C1=[0.20, 0.96], P=0.003, Fig. 3).
g $E8% 58 £
: ) 3 § & % % E We. performed a subgroup arllalysis of differel?t types of
L 5c 83 - %é I S vitamins and PUFAs to determine the comparative effects
3| £ = 5 g . . . .
ez 1e” ScEzs of single and multiple nutrients (Fig. 4).
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Fig.2 Risk of bias in the
included studies
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Effect of single and multiple vitamins on global cognitive
function

FA [28, 33] exerted a statistically significant effect on
global cognitive function (Z=7.06, SMD=1.21, 95%
CI=[0.87, 1.55], ’=31%, P <0.001). Multiple B vita-
mins (FA combined with vitamin B12) [19] might
have a beneficial effect on global cognition (Z=4.66,
SMD =0.71,95% CI=[0.41, 1.01], P <0.001). However,
multiple vitamin B (complex supplements of FA, vitamin
B6, and vitamin B12) [27, 30] exerted no statistically

@ Springer

significant effect on global cognitive function (Z=0.68,
SMD =0.07, 95% CI=[-0.12, 0.26], I*=0%, P=0.49).
Subgroup analysis showed that single vitamin B (FA)
(SMD=1.21, 95% CI=[0.87, 1.55]) might have a greater
effect on global cognitive function than multiple B vita-
mins (FA combined with vitamin B12) (SMD=0.71, 95%
CI=[0.41, 1.01]). Only one included study [31] imple-
mented a vitamin D intervention and showed improvement
in global cognitive function (Z=5.60, SMD=0.87, 95%
CI=[0.56, 1.17], P <0.001). One study [29] that imple-
mented a combined vitamin C and E intervention did
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vitamins placebo Std. Mean Difference Std. Mean Difference
Study or Subgroup _ Mean SD_Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
de Jager 2012 279 23 110 277 23 113 148% 0.09[-0.18,0.35] =
Fan 2017 26 1 38 249 1.2 37 126% 0.99 [0.51,1.47] —t—
Ma,Li 2019 1184 67 90 1074 94 90 14.2% 1.34[1.02,1.67) B
Ma,Zhou 2019 111.3 54 180 1075 51 60 14.5% 0.71[0.41,1.01] ——
Naeini 2014 268 1.9 127 2659 2 120 14.9% 0.11[-0.14,0.35] T
Perta-Kajén 2021 278 22 95 277 23 101 146% 0.04 [-0.24,0.32) = o
Yang 2020 1042 73 93 967 9.8 90 14.4% 0.87 [0.56,1.17] =
Total (95% CI) 733 620 100.0% 0.58 [0.20, 0.96] -
Heterogeneity: Tau® = 0.24; Chi*= 66.75, df= 6 (P < 0.00001); F=91% " X 3 i 1

Test for overall effect: Z=2.99 (P = 0.003)

PUFAs placebo
Study or Subgroup _Mean _SD Total Mean SD Total Weight

Std. Mean Difference
IV, Random, 95% CI

Favours [placebo] Favours [nutritional supplements]

Std. Mean Difference
IV, Random, 95% CI

Bo2017 447 139 44 372 169 42 26.0% 0.48 [0.05, 0.91] —

Lee 2013 266 37 17 265 37 18 19.8% 0.03 [-0.64, 0.69] B
Mengelberg 2022 1104 153 30 10898 139 30 23.9% 0.04 [0.47, 0.55] —

Zhang 2017 1164 65 120 108 95 120 303% 0.91[0.64,1.17] —h—

Total (95% CI) 211 210 100.0%  0.41[-0.04,0.87] -
Heterogeneity: Tau®= 0.16; Chi*= 12.95, df = 3 (P = 0.005); F= 77% t ; ) i 1

Test for overall effect: Z=1.78 (P = 0.08)

Fig. 3 Effect of vitamins and PUFAs on global cognitive function

not show any improvement (Z=0.86, SMD=0.11, 95%
CI=[-0.14, 0.35], P=0.39).

Effect of single and multiple n-3 PUFAs on global cognitive
function

One study [32] that assessed a single DHA intervention
showed improvement in global cognitive function (Z="7.00,
SMD =0.96, 95% CI=[0.69, 1.22], P <0.001). EPA com-
bined with DHA intervention was implemented in three
studies [26, 35, 38], and the meta-analysis showed no sta-
tistically significant effect on global cognitive function
(Z=1.50, SMD =0.24, 95% CI=[-0.07, 0.55], ’=10%,
P=0.13).

Effect of vitamins combined with n—3 PUFAs on global
cognitive function

Two studies [20, 21] that used a combined FA and DHA
intervention demonstrated significant benefits in global
cognitive function (Z=4.63, SMD=0.58, 95% CI=[0.34,
0.83], *=0%, P <0.001). Subgroup analysis showed that
single FA (SMD=1.21, 95% CI=[0.87, 1.55]) and single
DHA (SMD =0.96, 95% CI=[0.69, 1.22]) exerted a greater
beneficial effect than multiple nutrients of FA and DHA
(SMD=0.58,95% CI=[0.34, 0.83]). In addition, one study
[36] that used PUFAs and antioxidant vitamin-enriched rea-
gents showed a beneficial effect on global cognitive function
(Z=2.31,SMD=0.81,95% CI=[0.12, 1.49], P=0.02).

Favours [placebo] Favours [nutritional supplements]

Subgroup analyses, meta-regression analyses,
and sensitivity analysis

We conducted a subgroup analysis according to the nutri-
ent type to investigate clinical heterogeneity (Fig. 4). The
P value for subgroup differences indicates the interaction
between nutrient type and combined effect size. Because
several of the included studies were conducted in China,
we performed a post hoc subgroup analysis to examine
the results concerning the trial region (China region and
other regions, Supplementary Fig. S1). This revealed that
the 95% Cls did not overlap, and the subgroup differences
were statistically significant, indicating that the combined
effect size differed by trial region. Subgroup analyses were
conducted to examine the influence of participant char-
acteristics, specifically group size and age. Our analyses
did not reveal significant interactions when comparing
groups with fewer than 50 participants (N <50, 95% CI
[0.22, 0.84]) to those with 50 or more participants (N> 50,
95% CI [0.25, 0.84]), as illustrated in Supplementary Fig.
S2. Similarly, age did not significantly impact the out-
comes, with no notable differences between participants
younger than 70 years (age <70, 95% CI [0.26, 0.92]) and
those 70 years or older (age > 70, 95% CI [0.18, 0.89]), as
depicted in Supplementary Fig. S3. Additionally, meta-
regression analyses were performed to investigate hetero-
geneity attributable to group size, age, and the duration
of the nutritional supplement intervention. These analy-
ses showed no significant heterogeneity for group size
(P=0.285) or age categories (P =0.143), as evidenced in
Supplementary Figs. S4 and S5, respectively. However, a
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nutritional supplements placebho Std. Mean Difference Std. Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI

3.1.1 single vh (FA)

Fan 2017 26 1 38 249 12 37 B5% 0.99[0.51,1.47]

Ma,Li 2019 118.4 6.7 80 1074 94 90  7.6% 1.34[1.02,1.67] —_

Subtotal (95% CI) 128 127 14.2% 1.21[0.87, 1.55] -

Heterogeneity: Tau®*= 0.02; Chi*=1.44, df=1{F=0.23), F=31%

Test for overall effect: Z= 7.06 (F < 0.00001)

3.1.2 multiple vb (FA+vh12+vh6)

de Jager 2012 274 2.3 110 277 23 113 8.0% 0.09[-0.18,0.35] -

Perta-Kajan 2021 27.8 22 85 277 23 101 7.9% 0.04 [-0.24,0.32] -

Subtotal (95% Cl) 205 214 15.9% 0.07 [-0.12, 0.26] L 4

Heterogeneity: Tau®= 0.00; Chi*= 0.05, df=1 {FP =0.83), F=0%

Testfor overall effect: Z=0.68 (P =0.49)

3.1.3 multiple vb (FA+vh12)

Ma Zhou 2019 111.3 5.4 180 1075 5.1 B0 7.8% 0.71[0.41,1.01] —_—

Subtotal (95% CI) 180 60  7.8% 0.71[0.41, 1.01] <>

Heterogeneity: Not applicable

Test for averall effect: Z= 4,66 (P < 0.00001)

3.1.4 single vd

Yang 2020 104.2 7.3 893 967 48 90  7.8% 0.87 [0.56,1.17] -

Subtotal (95% CI) 93 90  7.8% 0.87 [0.56, 1.17] -

Heterogeneity: Mot applicable

Test for overall effect: Z= 560 (P = 0.00001)

3.1.5 multiple ve+vc

MNaeini 2014 26.8 1.9 127 26.59 2 129 81% 0.11[-0.14,0.34] T

Subtotal (95% CI) 127 129  8.1% 0.11[-0.14, 0.35] »

Heterogeneity: Mot applicable

Test for overall effect: Z=0.86 (P =0.39)

3.1.6 single n-3 pufa (DHA)

Zhang 2017 115.4 6.5 120 1076 95 120 8.0% 0.96 [0.69,1.22] -

Subtotal (95% CI) 120 120 8.0% 0.96 [0.69, 1.22] >

Heterogeneity: Mot applicable

Test for overall effect: Z=7.00 (P = 0.00001)

3.1.7 multiple n-3 pufa (DHA+EPA)

Bo 2017 447 1349 44 372 169 42 B9% 0.48[0.05, 0.91] -

Lee 2013 26.6 37 17 265 37 18 53% 0.03 [-0.64, 0.69] -

Mengelberg 2022 110.4 16.3 30 109.8 139 30 B.3% 0.04 [-0.47,0.54] T

Subtotal (95% Cl) 91 90  18.5% 0.24 [-0.07, 0.55] -

Heterogeneity: Tau*=0.01; Chi*=2.21, df= 2 {(P=0.33), F=10%

Testfor overall effect Z=1.50(P=0.13)

3.1.8 multiple pufa+antioxidants

Stavrinow 2020 26.1 3 18 229 46 18  51% 0.81[0.12,1.49] -

Subtotal (95% CI) 18 18 51% 0.81[0.12, 1.49] i

Heterageneity: Mot applicable

Test for averall effect. 2= 2.31 (P=0.02)

3.1.9 multiple vb+n-3 pufa (FA+DHA)

Bai 2021 1031 29 83 1008 37 27 B.8% 0.73[0.29,1.18] I

Li 2021 104.1 3 180 1026 26 B0 7.8% 0.51[0.22,0.81] -

Subtotal (95% CI) 263 87 14.6% 0.58 [0.34, 0.83] <>

Heterageneity: Tau®= 0.00; Chi*= 0.65, df=1 (F=042), F=0%

Test for overall effect: 2= 4.63 (P = 0.00001)

Total (95% CI) 1225 935 100.0% 0.55[0.32, 0.79] <>

Heterogeneity: Tau®= 0.17; Chi*= 84.65, df= 13 (P < 0.00001); F= 85% 5 4 } 1 !

Testfor overall effect: Z= 4.56 (P < 0.00001)
Testfor subaroun differences: Chi®= 69.26. df= 8 (P =< 0.00001). F= 88.4%

Favours [placebo] Favours [nutritional supplements]

Fig.4 Subgroup analysis of global cognitive function according to nutrient type

significant interaction was observed across the different
intervention durations of 6, 12, and 24 months (P <0.05,
Supplementary Fig. S6), indicating that the length of
the intervention may play a crucial role in the observed
effects. The results remained unchanged after removing
studies with a high risk of bias [33].

@ Springer

Publication bias

Figure 5 shows a funnel plot of global cognitive function.
Visual inspection of the funnel plots indicated no asymme-
try, suggesting that the results of the meta-analysis were not
affected by publication bias.
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Fig. 5 Funnel plot assessing the publication bias of the effects of vita-
mins and PUFAs on global cognitive function

Analysis of secondary outcomes: memory function

Ten studies [19-21, 27, 28, 30-32, 35, 38] assessed the
effects of vitamins and/or PUFAs on memory function in
patients with MCI. Meta-analyses showed that the differ-
ence in SMDs between the control and intervention groups
was statistically significant (vitamins: Z=3.24, SMD =2.55,
95% CI=[1.01,4.09], ?=99%, P=0.001; PUFAs: Z=3.79,
SMD =0.65, 95% CI=[0.32, 0.99], ’=41%, P <0.001)
(Fig. 6).

A subgroup analysis examining the comparative effects
of single and multiple nutrients on memory function is pre-
sented in Fig. 7.

Effect of single and multiple vitamins on memory function

Only one study [28] implemented a single FA intervention
and showed a probable improvement in memory function
(Z=17.95,SMD=9.18, 95% CI=[8.18, 10.18], P <0.001).
Multiple B vitamins (FA combined with vitamin B12) [19]
might exert a beneficial effect on memory function (Z=8.02,
SMD=1.29,95% CI=[0.97, 1.60], P <0.001). A meta-anal-
ysis of two studies [27, 30] with multiple B vitamin interven-
tions (complex supplements of FA, vitamin B6, and vitamin
B12) in patients with MCI did not show a statistically sig-
nificant effect on memory function (Z=1.44, SMD =0.14,
95% CI=[-0.05,0.33], P=0%, P=0.15). Subgroup analy-
sis revealed that single FA supplementation (SMD =9.18,
95% CI=[8.18, 10.18]) might have a greater effect on
memory function than multiple vitamin B supplementation
(FA and vitamin B12) (SMD=1.29, 95% CI=[0.97, 1.60]).
One study [31] implemented a vitamin D intervention, and
the results revealed significant improvement (Z=12.58,
SMD=2.49, 95% CI=[2.10, 2.88], P <0.001).

Effect of single and multiple n-3 PUFAs on memory function

One study [32] was performed using a single DHA interven-
tion and revealed a statistically significant effect on mem-
ory function (Z=6.43, SMD =0.87, 95% CI=[0.60, 1.13],
P <0.001). Two studies [35] that implemented EPA and
DHA interventions showed no statistically significant effect
on memory function (Z=2.02, SMD=0.42, 95% CI=[0.01,
0.831, =0%, P=0.04).

vitamins placebo Std. Mean Difference Std. Mean Difference
Study or Subgroup _Mean SD Total Mean SD Total Weight IV, Random, 95% Cl IV, Random, 95% CI
de Jager 2012 74 35 110 68 35 113 203% 014 [0.12, 0.41)
Ma,Li 2019 148 06 90 101 04 90 18.8% 9.18(8.18,10.18) ——
Ma,Zhou 2018 116 16 180 98 03 B0 20.3% 1.29[0.97, 1.60] -
Perta-Kajan 2021 74 35 95 69 36 101 203% 0.14[-0.14,0.42)
Yang 2020 5 08 93 308 90 202% 2.49(2.10, 2.88] -
Total (95% Cl) 568 454 100.0% 2.55[1.01, 4.09] -
Heterogeneity: Tau?= 3.02; Chi*= 392.13, df= 4 (P =< 0.00001); F= 99% _1f0 5 i 5 1’0

Test for overall effect: Z=3.24 (P = 0.001)

Favours [placebo] Favours [nutritional supplements]

PUFAs placebo Std. Mean Difference Std. Mean Difference
Study or Subgroup _Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Lee 2013 96 45 17 8 45 18 19.3% 0.35[-0.32,1.02) —
Mengelherg 2022 136 34 30 121 3 30 27.9% 0.46 [-0.05, 0.97) T
Zhang 2017 134 37 120 103 34 120 527% 0.87 [0.60,1.13] -+
Total (95% ClI) 167 168 100.0% 0.65[0.32, 0.99] <&
Heterogeneity: Tau*= 0.04; Chi*= 3.37, df= 2 (P = 0.19); *= 41% " + 5 ) :

Test for overall eflect: Z=3.79 (P = 0.0002)

Fig.6 Effect of vitamins and PUFAs on memory

Favours [placebo] Favours [nutritional supplements]
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nutritional supplements placebo

Std. Mean Difference

Std. Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
3.2.1 single vb (FA)

Ma Li2019 148 0.6 90 101 04 90  B8.49% 9.181(8.18,10.18] -
Subtotal (95% CI) 90 90 8.9% 9.18 [8.18, 10.18] &
Heterogeneity: Mot applicahle

Testfor averall effect: Z=17.95 (P = 0.00001)

3.2.2 multiple vb (FA+vh12+vhG)

Perta-Kajan 2021 74 348 85 69 36 101 103% 014 [-0.14,0.43] T

de Jager 2012 7.4 348 110 69 35 13 103% 014 [-0.12,0.41] T
Subtotal (95% CI) 205 214 20.5% 0.14 [-0.05, 0.33] }
Heterogeneity: Tau®=0.00; Chi*=0.00, df=1 (P =099, F=0%

Testfor overall effect Z=1.44 (P=0.15)

3.2.3 multiple vb (FA+vh12)

Ma Zhou 2019 116 1.6 180 98 03 60 10.2% 1.29[0.97,1.60] -
Subtotal (95% CI) 180 60 10.2% 1.29 [0.97, 1.60] +
Heterogeneity: Mot applicahle

Testfor overall effect: Z=8.02 (P = 0.00001)

3.2.4 single wd

Yang 2020 5 0.8 93 308 90 10.1% 2.491[2.10,2.88] -
Subtotal (95% CI) 93 90  10.1% 2.49]2.10, 2.88] L 2
Heterogeneity: Mot applicahle

Testfor overall effect: Z2=12.58 (P = 0.00001)

3.2.5 single n-3 pufa (DHA)

Zhang 2017 134 37 120 103 34 120 10.3% 0.87 [0.60,1.13] -
Subtotal (95% CI) 120 120 10.3% 0.87 [0.60, 1.13] ¢
Heterogeneity: Mot applicahle

Testfor averall effect: Z=6.43 (P = 0.00001)

3.2.6 multiple n-3 pufa (DHA+EPA)

Mengelberg 2022 136 34 o 121 3 30 10.0% 0.46 [-0.05, 0.97] ~

Lee 2013 9.6 45 17 g 45 189  87% 0.35[-0.32,1.07] T
Subtotal (95% CI) 47 48  19.6% 0.42[0.01,0.83] >
Heterogeneity: Tau®= 0.00; Chi*=0.07, df=1 {P=0.79), F=0%

Testfor overall effect Z=2.02 (P=0.04)

3.2.7 multiple vb+n-3 pufa (FA+DHA)

Li2021 8.6 1.5 180 83 1.3 60 10.2% 0.21 [-0.09, 0.50] ~

Bai 2021 9.2 1.6 83 92 1.3 27 101% 0.00[-0.43,0.43] T
Subtotal (95% CI) 263 87 20.3% 0.14 [-0.10, 0.38] ’
Heterogeneity: Tau®=0.00; Chi*=0.59, df=1 (P =0.44), F=0%

Testfor overall effect Z=1.14 (P = 0.259)

Total (95% CI) 998 709 100.0% 1.42[0.64, 2.20] <>
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Fig.7 Subgroup analysis of memory function according to nutrient type

Effect of vitamins combined with n-3 PUFAs on memory
function

Two studies [20, 21] that implemented combined FA and
DHA interventions showed no statistically significant
effect on memory function (Z=1.14, SMD =0.14, 95%
CI=[-0.10, 0.38], =0%, P=0.25).

Sensitivity analyses

Subgroup analysis according to the type of nutrient (Fig. 7)
revealed an overlap in the 95% CIs; however, the effect
sizes differed (P <0.05). This indicated that an interaction
existed between the type of nutrient and its effect on memory
function, that is, the nutrient type was the main source of
heterogeneity.
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Analysis of secondary outcomes: attention

Different instruments were used to measure attention in
nine studies [19-21, 28, 30-32, 35, 36], and meta-analy-
ses of these studies revealed that vitamins and/or PUFAs
significantly affected attention in patients with MCI
(vitamins: Z=2.87, SMD=3.14, 95% CI=[1.00, 5.28],
I’=99%, P=0.004; PUFAs: Z=6.77, SMD=2.98, 95%
Cl=[2.11,3.84], ’=0%, P< 0.001), as shown in Fig. 8.

A subgroup analysis assessing the comparative effects
of single and multiple nutrients on attention is presented
in Fig. 9.
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vitamins placebo Std. Mean Difference Std. Mean Difference

Study or Subgroup  Mean SD Total Mean SD Total Weight [V, Random, 95% CI IV, Random, 95% CI

Ma,Li 2019 148 06 90 101 04 90 241% 9.18[8.18,10.18] =

Ma,Zhou 2019 16 16 180 98 03 60 253% 1.29[0.97,1.60) -

Perta-Kajan 2021 524 398 95 567 416 101 253% -0.11 [-0.39,0.18]

Yang 2020 5 08 93 3 08 90 252% 2.49[2.10, 2.88) -

Total (95% Cl) 458 341 100.0% 3.14[1.00, 5.28] o

Heterogeneity: Tau®= 4.69; Chi*= 369.39, df= 3 (P < 0.00001); F= 99% _1¢0 5 5 5 1’0

Test for overall effect: Z= 2.87 (P = 0.004)

Favours [placebo] Favours [nutritional supplements)

Mean Difference
IV, Random, 95% CI

PUFAs placebo Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Random, 95% CI
Lee 2013 96 45 17 8 45 18  8.3% 1.60[-1.38, 4.58)
Zhang 2017 134 37 120 103 34 120 9N.7% 3.10[2.20, 4.00)
Total (95% CI) 137 138 100.0% 2.98[2.11,3.84]

T

Heterogeneity: Tau®*= 0.00; Chi*= 089, df=1 (P =0.35); F= 0%
Test for overall effect: Z=6.77 (P < 0.00001)

Fig. 8 Effect of vitamins and PUFAs on attention

Effect of single and multiple vitamins on attention

A single FA intervention was only administered to
patients with MCI in one study [28], and meta-analysis
revealed a statistically significant effect on attention
(Z=17.95,SMD =9.18, 95% CI=[8.18, 10.18], I*=22%,
P <0.001). Multiple vitamin B (FA combined with vita-
min B12) [19] exerted a statistically significant effect on
attention (Z=28.02, SMD =1.29, 95% CI=[0.97, 1.60],
P <0.001). A multiple vitamin B intervention (com-
plex supplements of FA, vitamin B6, and vitamin B12)
was performed in another study [30], which revealed
no statistically significant effect on attention (Z=0.74,
SMD=-0.11, 95% CI=[-0.39, 0.18], P =0.46). Sub-
group analysis showed that single FA intake (SMD =9.18,
95% CI=1[8.18, 10.18]) might have a greater effect on
attention than multiple vitamin B intake (SMD = 1.29,
95% CI=[0.97, 1.60]). One study that implemented a
vitamin D intervention [31] showed a statistically sig-
nificant effect on attention (Z=12.58, SMD =2.49, 95%
CI=[2.10, 2.88], P <0.001).

Effect of single and multiple n-3 PUFAs on attention

One study that performed a single DHA intervention
[32] showed a statistically significant effect on attention
(Z=6.43, SMD=0.87,95% CI=[0.60, 1.13], P <0.001).
Another study that implemented EPA and DHA interven-
tions [35] showed no statistically significant effect on
attention (Z=1.02, SMD =0.35, 95% CI=[-0.32, 1.02],
P=0.31).

4 2 0 2 4
Favours [placebo] Favours [nutritional supplements]

Effect of vitamin combined with n—3 PUFAs on attention

Two studies that implemented a combination of FA and
DHA interventions [20, 21] showed no improvement
in attention (Z=1.14, SMD=0.14, 95% CI=[-0.10,
0.38], ’=0%, P=0.25). A study that used a combina-
tion of EPA, DHA, and antioxidant vitamins [36] showed
no statistically significant effect on attention (Z=3.42,
SMD=-1.52,95% CI=[-2.40, — 0.65], P<0.001).

Sensitivity analyses

Subgroup analysis according to the type of nutrient
(Fig. 9) revealed an overlap in the 95% CIs. However, the
effect sizes differed (P < 0.05), indicating an interaction
between the type of nutrient and its effect on attention, that
is, the nutrient type was the main source of heterogeneity.

Analysis of secondary outcomes: visuospatial skills

Different instruments were used in seven studies [19-21,
28, 31, 32, 35] to measure visuospatial skills, and meta-
analyses of these studies revealed that vitamins and/
or PUFAs did not significantly affect visuospatial skills
(vitamins: Z=1.43, SMD =0.97, 95% CI=[-0.36, 2.29],
I’=85%, P=0.15; PUFAs: Z=1.18, SMD =0.63, 95%
CI=[-0.41, 1.67], I’=4%, P=0.24, Supplementary Fig.
S7), with high heterogeneity.
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nutritional supplements placebo
Study or Subgrou, Mean SD Total Mean SD Total Weight

Std. Mean Difference
IV, Random, 95% CI

Std. Mean Difference
IV, Random, 95% CI

3.3.1 single vh (FA)

Ma,Li 2019 14.8 0.6 90 101 04 90 10.3%
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Heterogeneity: Not applicable
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Heterogeneity: Mot applicable
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Heterogeneity. Not applicable

Test for overall effect: Z=8.02 (P = 0.00001)
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3.3.5 single n-3 pufa (DHA)

Zhang 2017 13.4 37 120 103 34 120 11.4%
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Heterogeneity: Not applicable

Testfor overall effect: Z= 6.43 (P < 0.00001)

3.3.6 multiple n-3 pufa (DHA+EPA)

Lee 2013 9.6 45 17 g 445 18 10.9%
Subtotal (95% CI) 17 18 10.9%
Heterogeneity: Mot applicable

Test for overall effect: Z=1.02 (F=0.31)

3.3.7 multiple pufa+antioxidants

Stavrinou 2020 316 14.5 14 50 7.6 13 105%
Subtotal (95% CI) 14 13 10.5%
Heterogeneity: Not applicable

Test for overall effect: Z= 3.42 (P = 0.0006)

3.3.8 multiple vb+n-3 PUFA (FA+DHA)

Bai 2021 9.2 1.6 83 92 1.3 27 11.3%
Li 2021 8.6 1.5 180 83 1.3 B0 11.4%
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Heterogeneity: Tau®= 0.00; Chi*=0.59, di=1 (F = 0.44), F=0%

Test for overall effect. Z=1.14 (P =0.25)

Total (95% CI) 872 579 100.0%
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Test for averall effect Z=2.76 (P = 0.006)

Test for subaroun differences: Chi®= 447 96, df=7 (P = 0.00001). F=98.4%

Fig.9 Subgroup analysis of attention according to nutrient type

Analysis of secondary outcomes: executive function

Different instruments were used in three studies [27, 35, 36]
to measure executive function, and a meta-analysis of these
studies revealed no statistically significant effect of vitamins
and/or PUFAs on executive function (vitamins: Z=1.49,
SMD =0.40, 95% CI=[-0.13, 0.93], P=0.14; PUFAs:
Z=0.84, SMD=-0.17, 95% Cl=[-0.58, 0.23], >=0%,
P=0.40, Supplementary Fig. S8), with high heterogeneity.

Analysis of secondary outcomes: processing speed

Different instruments were used in six studies [19, 30-32,
35, 36] to measure processing speed, and meta-analyses of
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these studies revealed that vitamins and/or PUFAs did not
affect processing speed significantly (vitamins: Z=0.21,
SMD =0.02, 95% CI=[-0.13, 0.16], I’=0%, P=0.83;
PUFAs: Z=2.43, SMD =0.80, 95% CI=[0.15, 1.44],
I’=0%, P=0.02, Supplementary Fig. S9), with slight

heterogeneity.

Discussion

Main findings

The effect of vitamins and PUFAs in patients with MCI
was examined, and the effect sizes of single and multiple



European Journal of Nutrition (2024) 63:1003-1022

1019

nutrients were compared in the present study. Sixteen stud-
ies that enrolled 2528 patients with MCI were included.
Our results suggest that FA, vitamin B6, vitamin B12, and
vitamin D might positively affect global cognitive func-
tion, memory function, and attention, but not visuospatial
skills, executive function, and processing speed, in patients
with MCI. EPA and DHA may improve memory function
and attention in patients with MCI. Single FA might have
a greater effect on global cognitive function, memory func-
tion, and attention than a vitamin B combination (FA and
vitamin B12) or the combination of FA and DHA.

Effects of vitamins on clinical outcomes

The effects of vitamin supplementation on cognition have
become a topic of increasing interest. We analyzed the
effects of single and multiple vitamin B supplements on
global cognitive function and various cognitive domains
in patients with MCI. Our meta-analysis indicates potential
cognitive improvements associated with FA, vitamin B6,
and vitamin B12, particularly in global cognitive function,
memory, and attention. Notably, FA alone might offer more
cognitive benefits than a combination of multiple B vita-
mins. The improvement in cognitive function was associ-
ated with the ability of vitamin B to reduce homocysteine
concentration [40, 41]. Homocysteine is a risk factor for
cognitive decline and the progression to dementia [42]. In
addition, FA and vitamin B12 levels interact with each other
due to factors such as vitamin metabolism, implying that the
effect of one vitamin B on cognitive function may be altered
by the blood concentration of another [19]. Variations in
study design, sample size, and participant demographics
have led to conflicting conclusions in meta-analyses evaluat-
ing the effects of vitamin B on cognition. For example, con-
trasting evidence on vitamin B's benefit for memory function
emerged from meta-analyses with vastly different sample
sizes and participant profiles [16, 18]. Given the results of
this meta-analysis, clinical staff should consider vitamin B
interactions when implementing nutritional supplementation
intervention programs in patients with MCI and prioritize
single FA interventions. However, additional studies on vita-
min B interventions of different doses and durations in older
adults with MCI are needed to confirm this interpretation,
as the data supporting this interpretation are insufficient.
Vitamin D is also related to cognition. Our meta-analysis
included one study that examined the effect of vitamin D
on cognition [31]. The results demonstrated that vitamin D
positively affected global cognitive function, memory, and
attention in patients with MCI. This is similar to the results
of a previous meta-analysis based on observational studies
[43] that found a correlation between low vitamin D levels
and cognitive decline. However, this previous meta-analysis
also included intervention studies and did not find a positive

effect of vitamin D on cognitive function. It included three
interventional studies of vitamin D with a maximum dura-
tion of 6 weeks. In comparison, our meta-analysis included
studies that were conducted over 12 months. In addition,
the previous meta-analysis included older adults with-
out a dementia diagnosis, more than MCI, which did not
fit our purpose. The results of this review still need to be
confirmed, however, due to the limited number of original
studies. We also, unfortunately, failed to explore the effect
sizes of single versus combined vitamin D owing to insuf-
ficient original studies and did not provide a guide for future
research directions. This review also included one study [29]
that implemented oral vitamin C combined with vitamin E
interventions, which did not significantly affect cognitive
function. The findings were similar to those of a meta-anal-
ysis conducted in 2017 [44]; however, including studies with
small samples meant that the conclusions were not robust.

Effects of n—3 PUFAs on clinical outcomes

Three studies [26, 35, 38] implementing combined DHA and
EPA intervention and one [32] implementing DHA mono-
therapy were included in this meta-analysis. Meta-analyses
showed that DHA alone may improve global cognitive func-
tion, memory function, and attention, whereas DHA and
EPA intervention did not positively affect cognitive function.
A study has shown that n —3 PUFAs improve hippocam-
pal structure, promote neurodevelopment, and enhance
brain function [45]. The anti-inflammatory properties of
n—73 PUFAs, such as DHA and EPA, can reduce inflam-
mation-related cognitive decline by inhibiting inflamma-
tory responses in microglia [45]. However, the exact nature
of the interaction between DHA and EPA remains unclear.
Most existing meta-analyses have aimed to investigate the
association of multiple n —3 PUFAs or single DHA with
cognition, but no comparative analysis of single and multi-
ple n—3 PUFAs has been performed [46—48]. Our findings
underscore the need for healthcare providers to discern the
distinct impacts of single versus combined n —3 PUFA inter-
ventions when formulating nutrition therapy plans for older
adults with MCI. Nevertheless, after exploring the original
study, we found that Lee et al. [35] included only 35 patients
with MCI. Because of the small sample size, the results must
be interpreted with caution. Large-scale studies are needed
to solidify this evidence.

Effects of the combination of vitamins and n—-3
PUFAs on clinical outcomes

This meta-analysis included three studies that implemented

combined vitamins and PUFAs (two studies of FA combined
with DHA [20, 21] and one study on vitamin A, vitamin

@ Springer
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E, DHA, EPA, GLA, and LA [36]). These results suggest
that the combined vitamin and PUFA intervention positively
affected global cognitive function. However, contrary to the
original trials, our subgroup analysis of nutritional types
revealed that FA and DHA in combination were less effec-
tive than either isolated compound. This may be related to
different blood concentrations of n-3 PUFAs influencing the
effect of FA on cognitive function [49, 50]. Healthcare pro-
fessionals should weigh both the nutritional status of patients
and economic factors when choosing nutritional supple-
mentation therapies. However, these recommendations are
tentative, grounded in limited trials, and should be applied
cautiously until further evidence-based research is available.

Implications

More RCTs, rather than cross-sectional or case—control stud-
ies, are needed in the future to determine the effect of vita-
mins and PUFAs and the comparative effect between single
and multiple nutrients on cognitive function. Furthermore,
the limited statistical power of small-scale studies neces-
sitates larger trials to verify the significance of our findings.
The variety of cognitive assessment tools used, such as the
MMSE or MoCA, complicates the interpretation of clinical
relevance. Study designs that focus on consistent baseline
assessments and intervention durations are critical for estab-
lishing robust conclusions.

Strengths and limitations

The advantage of our study is that we are the first to our
knowledge to systematically compare the effects of multi-
ple and single nutrients on cognitive function. Moreover,
we strictly controlled the screening criteria for the popu-
lation with MCI, thereby increasing the reliability of the
conclusions. Our study also has several shortcomings that
necessitate a cautious interpretation of the findings. First,
because our systematic review and meta-analysis included
only English and Chinese trials, it failed to include sufficient
original studies. Some results may be missing. In addition,
owing to the use of different assessment tools for cognitive
function and domains, differences between the original stud-
ies may be difficult to detect, despite the reduction in bias
in this meta-analysis using SMD effect models. Moreover,
as most studies were conducted in China, we performed a
post hoc subgroup analysis, which indicated that heterogene-
ity was caused by different regions of origin in each study.
Therefore, caution should be exercised when generalizing
our findings to other regions. Finally, the baseline blood
concentrations of nutrients, the baseline cognition of par-
ticipants, the doses of nutrients, and intervention duration
among the eligible studies were inconsistent, causing great
heterogeneity that could not be addressed using sensitivity

@ Springer

analyses. Therefore, these differences should be noted when
interpreting the results.

Conclusion

In this meta-analysis, we found that FA, vitamin B6, vitamin
B12, and vitamin D might positively affect global cognitive
function, memory function, and attention, but not visuos-
patial skills, executive function, and processing speed, in
patients with MCI. EPA and DHA may improve memory
function and attention in patients with MCI. FA may be
more effective than vitamin B complex (FA, vitamin B12,
and/or vitamin B6) in terms of global cognitive function,
memory function, and attention. Future RCTs that are con-
ducted on MCI patients and control for supplementation
type, dose, and duration of the intervention are needed to
confirm this conclusion and explore the detailed application
of vitamins and PUFAs in clinical practice.
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