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A B S T R A C T

It’s widely acknowledged that, as a neurodegenerative aging disease representing an intermediate stage between
cognitive intactness and Alzheimer’s disease (AD), Mild cognitive impairment (MCI) poses an excessive burden
on patients’ well-being, family members, health-care providers as well as the whole society. This study focuses
on three cognitive interventions proposed by Clare and Woods, which are, Cognitive stimulation (CS), Cognitive
training (CT) and Cognitive rehabilitation (CR). Our Network meta-analysis (NMA) aims to compar them with
one another to determine the optimal cognitive intervention for elderly adults with MCI in improving their
cognitive function. We applied extensive strategies to preliminary literature retrieval to identify relevant ran-
domized controlled trials (RCTs) which scrupulously compared any two of the three cognitive interventions with
one another or any one of the three with a control group as the placebo or non-active group in treating elder
patients with MCI in accordance with Petersen’s criteria. Our NMA of cognitive interventions for patients di-
agnosed with MCI appraised the relative effectiveness of cognitive interventions across trials simultaneously.
Our study attempts to summarize available data to suggest that CS (Mean difference [MD]=0.95, 95% con-
fidence interval [CI]:0.27, 1.70) and CT (MD=0.70, [CI]:0.11,1.30) were significantly beneficial to MCI pa-
tients for improving their cognition status while CR (MD=0.59, [CI]:-0.30,1.50) scored lowest. Our study
suggested CS was most likely to be the best intervention for improving the cognitive function of MCI patients.

1. Introduction

Alzheimer’s disease (AD) is a neurodegenerative aging disease that
develops insidiously and is clinically characterized by cognitive and
memory deterioration, executive dysfunction in daily activities and a
multiplicity disturbance in behavioral and psychological activities (Di
Iulio et al., 2010; Herrup, 2011; Zhang et al., 2013), which poses an
excessive burden on patients' families, caregivers, health-care system
even the whole society (Welsh-Bohmer et al., 2013; Wortmann, 2012).
Nowadays, the world is comprised of more than 47 million people

suffering from AD and the number is estimated to triple in 2050
(Mortby et al., 2018; Prince, 2019). The death rate of AD patients in-
creased by 71% from 2000 to 2013 in the United state (Gaugler et al.,
2016). In addition, the excessive expense of global economy in this area
is reckoned to be around $315 billion (Herrera et al., 2016).

Severe deterioration of cognitive function in patients with AD is
usually preceded by a preclinical phase but observed with only subtle
cognitive decline symptoms over time (Gauthier et al., 2005). There-
fore, as a transitional ageing stage between normal elderly adults and
people with dementia (Petersen, 2004; Winblad et al., 2004), mild
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cognitive impairment (MCI) was initially conceptualized as a memory
impairment by Petersen et al. (1999) and during the past decade it was
characterized by an objective cognitive deficit in global cognitive
functioning and the ability to perform daily activities independently
(Petersen et al., 2014, 2001).

MCI generally represents early-stage AD through authoritative as-
sessment by several experts in this field (Akins, 2001; Morris, 2006;
Morris et al., 2001). Compared with AD patients, the rapid growth in
MCI patients can not be neglected when global population and pre-
valence is estimated to rise to over 2 billion people and by 10%–20% in
the near future among ages over 60 respectively (Economic, U.N.D.o.,
Division, S.A.P., 2013; Petersen et al., 2018; Prince et al., 2013). It’s
imperative to implement instrumental and cost-effective measures to
prevent a series of cognitive problems occurring to the MCI population
due to increasing and widespread cognitive deterioration. Admittedly,
there exists different kinds of cognitive therapies demonstrating their
effectiveness in improving the cognitive ability in MCI patients: com-
puterized cognitive training (CCT) (Barnes et al., 2009; Finn and
McDonald, 2015), group-cognitive stimulation (De Marco et al., 2014;
Moro et al., 2015), memory rehabilitation (Barekatain et al., 2016;
Otani et al., 2013), as well as pharmacological treatment (Rodakowski
et al., 2015; Wang et al., 2014), a promising treatment which remains
highly controversial. Most of them were derived from Clare and
Woods’s research (Clare and Woods, 2004) which vividly divided cog-
nitive interventions into three main categories, namely, cognitive
training (CT), cognitive stimulation (CS) and cognitive rehabilitation
(CR), which play an important part in enhancing cognitive function for
patients with early-stage AD. CS, featuring engagement in a wide range
of group-oriented social events, focuses on general improvement of
individual cognitive functioning and behavior. CT mainly refers to
guided practice incorporating a set of standardized tasks with a range of
difficulty levels and is intended for improvement in specific cognitive
domains with the potential for generalizing beyond standardized tasks.
CR, as an individualized method with personally-relevant goals, should
be implemented with flexibility, backed by healthcare provider en-
gagement, be of sufficient duration in order to achieve the result of
“optimal level of physical, psychological and social functioning” in the
daily context (Clare et al., 2003c; Clare and Woods, 2004). Although
there exists quite a bit noteworthy research on the effectiveness of
various cognitive interventions associated with MCI (Buschert et al.,
2012; Joosten-Weyn Banningh et al., 2013), there is still a need for
relevant studies based on a comprehensive view from synthesized
analyses incorporating more than two cognitive treatments simulta-
neously since there is a limitation of traditional approaches which focus
on pair-wise analyses.

As clinical guidelines in some areas, network meta-analysis (NMA)
is a synthetical approach which provides an overview by comparing
multiple treatments for a disease simultaneously despite that such
treatments can not generate a direct comparison among them (Lu and
Ades, 2004; Mills et al., 2013; Salanti et al., 2008). Therefore, we
conducted both a network meta-analysis and a systematic review to
identify the optimal cognitive intervention from an macroscopic aspect
for MCI patients.

2. Method

Our study was conducted in accordance with the PRISMA declara-
tion for Network Meta-analysis and the Cochrane Handbook for the
Systematic Review of Interventions (Higgins and Green, 2011; Hutton
et al., 2015). All analyses were based on previous published studies and
therefore no ethical approval and patients consent were required.

2.1. Literature search and selection criteria

We applied extensive strategies to preliminary literature retrival by
searching PubMed, Cochrane Central register of controlled trials,

PsycINFO, Embase, China National Knowledge Infrastructure database,
Chinese Scientific Journal database, Chinese Biomedical Literature
database, Wan Fang database, to identify relevant parallel-group and
cross-over randomized controlled trials (RCTs) from their inception to
1 st July, 2018 which scrupulously compared any two of the three
cognitive interventions(cognitive training, cognitive stimulation, cog-
nitive rehabilitation) with one another or any one of the three with a
control group(the placebo, non-active group) in treating elderly adults
with MCI according to Petersen’s MCI-criteria (Petersen et al., 2001).

Through both combined Medical Subject Headings (MeSH) and text-
terms followed by Boolean logical operators, an exhaustive search was
conducted by using the following MeSH terms without any language
restrictions: “Cognitive dysfunctions”, “Mild cognitive impairment”,
“Cognitive impairment”, “Mild neurocognitive disorder”, “Cognitive
decline”, “Cognitive intervention”, “Cognitive training”, “Cognitive
stimulation”, “Cognitive rehabilitation”, “Cognitive method”,
“Cognitive therapy”, “Cognitive assist”, “Cognitive behavior therapy”,
“Cognitive aid”, “Cognitive support”, “Randomized controlled trials”,
as well as additional relevant conceptual keywords. Results were sub-
jected to further examination if the paper was presented in a non-
English format due to certain restrictions in language.

Additionally, we implemented a battery of recursive searches with
the intention of making sure that all the studies were completed so that
they met our eligibility criteria. Therefore, we screened all the biblio-
graphies of obtained findings ranging from similar systematic reviews,
meta-analyses to clinical guidelines of MCI. We also manually searched
the proceedings from major international conferences on MCI or med-
icine so as not to miss any potential eligible trials. We processed the
above screening records by using the Endnote X7 literature manage-
ment software (Thompson ISI Research Soft, Philadelphia,
Pennsylvania, USA).

2.2. Eligibility criteria and data abstraction

We screened all the included citations using the literature search
strategies for final definitive eligible studies in accordance with the
PICOS selection criteria. The inclusion and exclusion criteria was
summarized in Table 1. Studies without a parallel methodology were
excluded despite criteria mentioned above for it was necessary to bal-
ance the transitivity of numerously complex studies which could result
in a more accurate analysis. Studies were summarized into three
groups, namely CT, CS and CR according to the classification by Clare
and Woods (Clare and Woods, 2004). The details of each cognitive
intervention were shown in Table 1. The summarization process was
conducted according to a rigorous criterion by four authors in-
dependently.

Based on the predefined protocol above, three independent authors
identified the articles by reviewing the titles and abstracts of the in-
cluded citations during the initial literature search. Duplicate studies
were discarded simultaneously. Meanwhile, full-texts were retrieved for
further evaluation in compliance with selection criteria if the article
was potentially relevant. Finally, we abandoned studies which were
published only in abstract form without any available data. Consensus
was reached on all items if any disagreement existed.

2.3. Outcome measure and quality assessment

Firstly, we analyzed the global data and demographic character-
istics of all the included studies. Two authors extracted the relevant
data according to the pre-elaborated outcome measurement checklist
which include the following essential items: major author responsible
for the article, year of publication, origin of study (country), setting
form, personal characteristics, duration of treatment, primary outcome.
Our NMA-analysis analyzed an intersected endpoint——Mini-Mental-
State-Examination(MMSE) (Folstein et al., 1975), as the primary out-
come for validated assessment of the cognitive domain which is
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represented by a continuous outcome and incorporates a directly pro-
portional score (Altman and Bland, 1996). Therefore, we extracted the
mean and standard deviation (SD) of the change from baseline and
transformed it into a standard format to make sure that it was im-
plemented successfully in our analysis. If the data we were to extract for
our analysis (such as mean, SD or sample size) were not provided in the
included literature, we would present them in another form by calcu-
lating other available values such as standard errors, confidence in-
tervals, or other statistical indices as describe elsewhere which may
clarify SD accordingly (Follmann et al., 1992; Hozo et al., 2005; Lipsey
and Wilson, 2000). In order to ensure the stability and reliability of the
result of combining parallel and cross-over trials, cross-over trials were
analyzed similarly to parallel trials with data extracted only from the
first period (Stedman et al., 2011).

Two independent authors assessed the quality of each included RCT,
using the Cochrane risk of bias (ROB) tool which includes seven items
and the included RCTs were judged as unclear, low or high bias level
(Higgins and Green, 2011). Assessment of ROB was performed in Re-
viewer Manager (5.3 version (The Nordic Cochrane Centre Co-
penhagen, Denmark). For the selection bias, we consider it whether
studies describe clearly the random sequence generation and specify the
method of allocation concealment or not, if so, such kind of study
would be accepted as in low risk of bias, otherwise, high risk. For the
performance and detection bias, we regard them mainly based on
whether the study was blind or not—participants, personnel and out-
come assessors. For the attrition bias, we judge those studies as high
risk whose relevant data was missing especially the primary outcome
data which affects our further analysis directly. We appraise selective
bias according to whether the study lacks some secondary outcome or
reported the insufficient available data such as the characteristics of
them. For any other potential bias, we classify them through the full-

text searching for specific evidence that may led their results to bias
such as less rigorous study deigns, or the obvious inconsistency com-
pared with previous studies. All the above items judged as“unclear
risk”of bias correspond with the study not addressing relevant items.
The divergence was reconciled through discussion or objective ad-
judicationi by an experienced expert.

2.4. Synthesis analysis

Firstly, by synthesizing the essential data from all the included
studies, we performed a conventional pair-wise meta-analysis for a
quantitative analysis based on the random effects model. As the
outcomes revealed on a continuous scale, we calculated the mean
difference (MD) to pool the effect size, along with their respective
95% confidence intervals (CI). The reason why we conducted the
quantitative analysis using I2 statistics with higher values to indicate
more heterogeneous increases especially substantial heterogeneity
when I2 was higher than 50% is that the traditional qualitative
analysis which is represented by chi2 combined with P value can only
judge whether there is heterogeneity between studies but lacks the
ability to calculate the magnitude of heterogeneity (Higgins and
Thompson, 2002; Senn and Barnett, 2004). A comparison-adjusted
funnel plot was constructed to judge whether a publication bias ex-
isted by visually observing the magnitude of asymmetry of the plot.
Meanwhile, we also carried out relevant subgroup analyses based on
the key features during the intervention, these groupings were
treated as the covariates in our subgroup analyses. As a visual re-
presentation, we generated a network plot for each treatment which
offers the evidence base and a concise description of their char-
acteristics The above serial analyses were performed in STATA,
version 14.0 (Stata Corp, College Station, TX).

Table 1
PICOS criteria and the characteristic of cognitive intervention.
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The transitivity assumption was the crucial part in assessing the
reliability of our NMA which aims to compare the similarities of clinical
and methodological characteristics (eg, patient, experimental design,
etc.) between studies. Therefore, we examined the baseline character-
istic of participants, duration of intervention through available direct
comparisons so that the following analysis could be conducted favor-
ably (Caldwell et al., 2005; Jansen and Naci, 2013; Salanti, 2012). The
Bayesian network meta-analysis has a categorical strength over tradi-
tional meta-analysis due to its ability to summarize comparisons be-
tween multifarious treatments concurrently (Lu and Ades, 2004), which
allows for greater flexibility to use complex models and produce rela-
tively scientific interpretations in terms of causal relationships.

Bayesian statistical model was implemented to compare the three
cognitive interventions simultaneously by forming a connected network
integrating direct and indirect evidence (Caldwell et al., 2005; Salanti
et al., 2011, 2008; Salanti et al., 2009). In order to estimate the unique
and primary outcome, our NMA was performed non-informatively prior
to distributions and using the Markow chain Monte Carlo method under
a Bayesian framework (Mavridis and Salanti, 2013; Valkenhoef and
Kuiper, 2016). We choose the Gibbs sampling and Metropolis algorithm
in this analysis. Relevant stimulation techniques allow three parallel
chains to run simultaneously with different initial values in a randomly
chosen state. Our model generated a total number of 50,000 iterations
and the first 5,000 iterations were discarded to minimize bias of initial
values when the chain reached its target distribution (Welton, 2012).
Both the density plot and tract plot combined with the Brooks-Gelman-
Rubin diagnostic statistics were taken into consideration by inspecting
the trace “history” feature to ensure convergence (Brooks and
AndrewGelman, 1998). Probability of which cognitive intervention
would be the optimal intervention derived from proportion of the best
ranking in all simulative operations (Dias et al., 2012). We ranked the
three cognitive interventions using a hierarchical tool —— the surface
under the cumulative ranking curve (SUCRA) was presented as a simple
numerical summary statistic of cumulative ranking probability plots for
each treatment. Higher SUCRA values indicates a higher likelihood that
the treatment is on the top rank or is highly effective while zero re-
presents that the treatment would be the worst to some extent (Salanti
et al., 2011). The node-splitting approach was executed to statistically
examine the inconsistency between direct and indirect evidence
throughout the entire network frame where analysis derived P-values
less than 0.05 indicates the probability of inconsistency (Chaimani
et al., 2013; Dias et al., 2010; Higgins et al., 2012; van Valkenhoef and
Dias, 2016). The analyses mentioned above regarding the Bayesian
framework were performed in R language (X64 3.32 version)
(Coreteam, 2014) by using both the “Gemtc” (version: 0.8–2) and
“rjags” (version: 4–6).

3. Results

3.1. Baseline characteristics and quality of included studies

The schematic flow chart for selecting the included studies was
shown in Fig. 1.

Of all the 17,878 studies that focus on the comparison among the
three cognitive interventions obtained using the initial search strategy.
432 articles were discarded due to duplication, and 17,128 articles
were removed from the remaining ones by screening their title and
abstract. 318 researches that appeared to be potentially relevant were
retrieved for further full-text appraisal. In addition, we retrieved by
hand-search 24 relevant studies to make up for the insufficiency of
electronic databases we pre-established (Egger et al., 2003) and 22
studies were judged as ineligible articles due to their unsuitable end-
point, or their failure to offer sufficient original data. We excluded the
studies which used cognitive screening instruments similar to MMSE,
such as K-MMSE (Korean-Mini-mental State Examination) (Hwang
et al., 2012), C-MMSE (Chinese-Mini-mentalState Examination) (Chua

et al., 2015). Eligibility criteria were comprised of miscellaneous cog-
nitive interventions, which resulted in 13 articles in our Bayesian NMA
finally (Barban et al., 2016; Buschert et al., 2011; Förster et al., 2011;
Greenaway et al., 2013; Han et al., 2017; Jeong et al., 2016; Lam et al.,
2012; Langoni et al., 2018; Rojas et al., 2013b; Rozzini et al., 2007b;
Shimada et al., 2018; Tsolaki et al., 2010; Wei and Ji, 2014). All the
authors participating in selection and appraisal in this section reached a
unanimous agreement. The demographic characteristics of the 13 in-
cluded articles are shown in Table 2. All included studies were rando-
mized controlled studies (RCTs) and published from 2007 to 2018,
enrolling a total of 1333 MCI patients. The active cognitive intervention
involving 672 MCI patients were compared with the control group of
661 patients according to a randomly assigned approach. The median
duration of the active group was 24 weeks (ranging from 4 to 54 weeks)
and 23.93% (319) of patients enrolled were diagnosed with amnestic
MCI and other form of MCI. The vast majority of participants were from
Asia (854(64.06%), and Europe 379(28.43%), and all the included
studies took place in either developed countries or developing countries
but none in underdeveloped countries. 53% (777) participants were
women and the mean score of MMSE ranged from 21.90 to 26.80 at
baseline. Although we included both of the parallel and cross-over
group of randomized controlled trials. Only the participants from three
studies (Barban et al., 2016; Buschert et al., 2011; Han et al., 2017)
were assigned to a cross-over design for launching the trail. The re-
maining ten were assigned to a parallel design. The quality of the in-
cluded studies was described in Supplement Figs. 1 and 2 All the in-
cluded studies had a low risk of bias in “Random sequence generation”
and “Incomplete outcome data”. Only one study showed a high bias in
such sections as “Blinding of participants and personnel”, “Blinding of
outcome assessment”, and “Other bias” (Rojas et al., 2013b). Four
studies (Lam et al., 2012b; Rozzini et al., 2007b; Tsolaki et al., 2011;
Wei and Ji, 2014b) were judged to be at high risk of selective reporting,
and three studies were judged to be at high risk of other biases (Barban
et al., 2016; Greenaway et al., 2013; Rojas et al., 2013b). All of the
included studies were rated as low risk of bias.

3.2. Pair-wise meta analysis and network meta-analysis results

No obvious heterogeneity was observed in the preliminary meta-
analysis of all the included studies (See Table 3 and Supplement Fig. 3).
The funnel plot did not indicate publication bias due to its symmetric
distribution (Supplement Fig. 4). The abscissa axis and vertical axis of
the funnel plot respectively represented the standard mean difference
and the standard error of standard mean difference. Publication bias
identification depends on whether the distribution of the studies are
symmetrical in the inverted funnel. Each spot represented one included
study. Studies of small sample size, low research accuracy, distributed
at the bottom of the funnel plot while those of large sample size, high
research accuracy, distributed at the top of the funnel plot, centralized
toward the middle. We also conducted an Egger’s test to evaluate
whether other biases existed (Supplement Fig. 6) . The P-value (0.521)
being higher than 0.05 indicated the absence of an obvious bias in our
study.

The visual network plot was conducted to display all the primary
evidence regarding each cognitive intervention (Shown in Fig. 2). Each
node represented a different treatment and its size depended on the
number of patients that is directly examined. The nodes were joined by
different thickness lines which generated to show whether there existed
a direct relationship between treatments and the thickness was
weighted according to the available direct evidence between them.
From the network geometries, CT had the largest samples compared to
the control group, and thus its node edge was the largest, followed by
CS and CR. Each cognitive intervention held at least one direct evidence
compared with the control group. And only CT and CS had three closed
loops with CT, indicating that there existed direct evidence between
them.
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A SUCRA line was drawn to rank the hierarchy of each cognitive
intervention (shown in Fig. 3), which indicated that CS got the highest
probability (SUCRA=61.0%) in MCI treatment in terms of the cogni-
tive domain compared with the other two cognitive interventions, al-
though CT (SUCRA=49.0%) also got a remarkable ranking among the
three. CR (SUCRA=45.9%) got an inferior ranking.

With the control group alone being the mutual contrast for com-
parison, CS (Mean difference [MD]=0.95, 95%confidence interval
[CI]:0.27, 1.70) and CT(MD=0.70, [CI]:0.11,1.30) were associated
with an significant improvement in the cognitive function based on
MMSE while the MD (MD=0.59, [CI]:-0.30,1.50) of CR showed a
contrary statistic outcome (Shown in Table 3). Relatively reliable evi-
dence could be drawn from absence of statistical inconsistency
(P>0.05, CS v.s Control group (CG) P-value=0.271275, CT v.s CG P-
value= 0.83015, CT v.s CS P-value= 0.9807) as is revealed by the
node-splitting model ((Supplement Fig. 5), a scientific way to test for
inconsistency between direct and indirect evidence which is used for

valid comparison of the above-mentioned three cognitive interventions.
The subgroup analysis was shown in Table 3 combined with the

total forest plot, which was divided into three subgroups. The setting
group contains both group-based setting and individual-based setting,
but only nine studies were included in this classification except for four
studies (Förster et al., 2011; Greenaway et al., 2013; Jeong et al., 2016;
Rozzini et al., 2007b; Wei and Ji, 2014) with different definitions. We
divided the region group into Europe plus America group and Asia
group, the technology group into new-technology group and tradi-
tional-method group. The results showed that both group-based setting
(MD=0.60, [CI]:0.43, 0.77, P=0.002) and individual-based setting
(MD=0.45, [CI]:0.25, 0.64, P=0.019) were capable of improving the
cognitive function. The subgroups of new-technology (MD=0.66,
[CI]:0.34, 1.06, P=0.036) and traditional (MD=0.78, [CI]:0.20, 1.53,
P=0.024) also improved cognitive functioning and method there
seemed to be little difference between them. In terms of region, the
Europe and America (MD=0.80, [CI]:0.24, 1.64, P=0.037) groups

Fig. 1. Literature review flowchart. (CNKI, China National Knowledge Infrastructure database; CT, Cognitive Training; MCI, Mild cognitive impairment; CS,
Cognitive stimulation; CR, Cognitive rehabilitation; RCT, Randomized controlled trial; VIP,Chinese scientific Journal database; WFD, Wan fang database).
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showed a consistency with the Asia (MD=0.61, [CI]:0.49, 1.14,
P=0.017) group that experienced a significant improvement in the
cognitive function of MCI patients.

4. Discussion

As far as we are concerned, there is no previous study which has
solved the problem which cognitive intervention is relatively the best
intervention for MCI patients. Therefore, as the first NMA of cognitive
interventions for MCI patients where indirect evidence was used to
apprise the relative effectiveness of cognitive interventions across trials
simultaneously, based on a summarization of available data, the result
of our study suggest that the optimal intervention for cognitive decline
is CS (SUCAR=61.0%). The above findings can be reinforced by our
previous meta-analyses (Liang et al., 2018).

Since MCI can cause substantial harm to both the society and the
patient's family, it is imperative and urgent to provide scientific and
reliable evidence to help MCI patients decrease or prevent the risk of
developing AD by implementing relevant cognitive interventions.
Nowadays, cognitive interventions were categorized into two major
types, pharmacological interventions or non-pharmacological inter-
ventions. As a replaceable scientific first-line treatment,

Table 3
The Forest plot of cognitive outcome based on MMSE.

Con, Control group; Exp, Experiment group; MMSE, Mini-Mental State Examination; NO, Number.

Fig. 2. Network of cognitive interventions comparison of cognition for the
network meta-analysis. (CG, Control group; CR, Cognitive rehabilitation; CS,
Cognitive stimulation; CT, Cognitive training).
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pharmacological interventions such as donepezil, galanthamine, rivas-
tigmine and other cholinesterase inhibitors (ChEI) (de Jager et al.,
2012; Feldman et al., 2007; Oulhaj et al., 2016; Salloway et al., 2004;
Sobow and Kloszewska, 2007; Winblad et al., 2008), as well as hu-
perzine-A, an potent, reversible, selective inhibitor of Acet-
ylcholinesterase (AchE) derived from Chinese herb Huperzia serrata,
have demonstrated the potential for deferring cognitive decline or
maintaining cognitive functioning (Wang et al., 2005; Xu et al., 1999).
Some studies even found that elderly people diagnosed with AD ex-
perienced a significant improvement of cognitive ability after Hu-
perzine-A treatment compared with those receiving conventional ChEI
treatment (Kelley and Knopman, 2008; Little et al., 2008). However,
undeniabllly, such interventions do not have a promising prospect due
to their lacking in durative safety that might lead to some adverse ef-
fects (AEs) (Kavirajan and Schneider, 2007; Whalley et al., 2012) and
high risk of contraindications (Rodakowski et al., 2015), thus confining
their pervasive application.

The cognitive interventions summarized by Clare and Woods’s
(Clare and Woods, 2004) composed of cognitive training, cognitive
stimulation and cognitive rehabilitation are defined as non-pharmaco-
logical interventions in most cases and sometimes are combined with
pharmacological interventions as a complementary therapy (Clare
et al., 2003b). These cognitive interventions not only address the pro-
blem of cognitive decline but also have a prominent effect on executive
functioning, attention, memory, and so on (Rojas et al., 2013a; Simon
et al., 2012). Furthermore, the cognitive interventions also play an
essential role in assisting the clinical populations diagnosed with stroke,
Parkinson's disease, and other cognitive disorders, whose preference
proved the effectiveness of these cognitive interventions compared with
pharmacological interventions (Faria et al., 2016; Floel, 2017; Leung
et al., 2015; Towe et al., 2017). As the most conventional and regular
cognitive treatment, CT, also defined by the Medical Research Council
as all-inclusive term (Craig and Petticrew, 2013), can be grossly cate-
gorized as either remediation or compensation approaches (Cicerone
et al., 2011). It’s applicability and operability is much broader than

those of the other cognitive interventions. CT was defined to include
aerobic exercise (Cammisuli et al., 2017), individual-target training
(Schwenk et al., 2016), and computerized cognitive training (Barnes
et al., 2009), all of which have been examined of their efficacy and
safety regarding cognitive domain. Physical exercise was the most fre-
quently used intervention in cognitive training, and the types of ex-
ercise varied from “treadmill training” (Arcoverde et al., 2014), “whole-
body vibration” (Christofoletti et al., 2008; Lam et al., 2018) to
“walking tasks” (Venturelli et al., 2011) as the basic training and were
executed repeatedly. There seems to be no significant difference in
slowing down the cognitive impairment based on the intensity of
training from moderate to high (Varela et al., 2012). This is probably
due to the mechanization and inflexibility of CT which, as a guided
practice, only uses standardized tasks. Nevertheless, CT was highly
praised by plenty of clinical population with cognitive impairment even
by healthy older adults (Corbett et al., 2015; Lampit et al., 2013). In
spite of the preponderance of studies claiming that various cognitive
trainings can maximumly help MCI patients with a categorical dis-
advantage in cognitive function, some studies puts forward the con-
servative argument that CT only provides subtle improvement in the
cognitive ability (Finn and McDonald, 2011; Gaitan et al., 2013; Hwang
et al., 2012). A number of factors should be taken into consideration, a
notable factor being the sample size of different studies. This unsharp
characteristic also clearly reflects that CT-group (847 samples) took up
an overwhelming number of population samples compared with CS-
group (386 samples) and CR-group (100 samples). Similarly, this per-
haps can account for the reason why the ranking of CR was the lowest
among the three cognitive interventions in our study. It may imply that
some results could lead to an unconvincing theory caused by no more
place for enough population samples throughout the whole research
process (Arlati et al., 2017). The regional group was included in sub-
group analysis to examine whether there was a difference among dif-
ferent regions. However, from the above analyzed results, the cognitive
interventions took place in both Europe plus America (MD=0.80,
[CI]:0.24,1.64, P=0.037) and Asia (MD=0.61, [CI]:0.49,1.14,

Fig. 3. The rankings of overall cognitive interventions based on SUCRA line.
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P=0.017) all seemed to have helped MCI patients achieve a higher
cognitive performance. Few studies have arrived at this statement and
most of them were interested in the clinical or economic impact of AD
by making a comparison of different countries. Undoubtedly, with the
rapid development of information technology, multitudinous cognitive
interventions sprang up and developed the pivotal measures for sup-
porting the long-term care for MCI patients during the past few years.
Like the computerized cognitive training (Gooding et al., 2015; Lin
et al., 2016), telerehabilitation interventions (Cotelli et al., 2017; Jelcic
et al., 2014) and multidimensional software program (Rozzini et al.,
2007a) are all performed by utilizing the cutting-edge technology re-
lated to computers, their practicability and maneuverability have been
recognized but their effectiveness in cognitive improvement
(MD=0.50, [CI]:0.26,0.74,p:0.580) was not as obvious as conven-
tional-intervention programs as indicted by our subgroup analysis
(MD=0.56, [CI]:0.19,0.93,p:0.726). Such studies have confirmed the
consistency of this phenomenon. An important aspect worth con-
sideration is the setting in which MCI patients received interventions,
whether in group-based programs or face-to-face individual programs
(Belleville et al., 2011; Hwang et al., 2012). Compared with the in-
dividual-based setting, the group-based setting had a more significant
improvement in cognitive ability with its non-specific method parti-
cular in CS (Nakamura et al., 2016; Tsutsumimoto et al., 2016). CS held
the highest ranking in our study which allows group-based patients to
receive reminiscence therapy with emphasis on social interaction. In
addition, CS also has the function to ameliorate the neuropsychiatric
symptoms which can be assessed using Neuropsychiatric Inventory
Questionnaire (NPI-Q) (Rozzini et al., 2007a; Steenland et al., 2012).
Group-based programs aimed to obtain or maintain multidimensional
communication and interaction between people underlying social en-
gagement (Spector et al., 2008). In our study, due to the existence of the
group-based setting, the ranking of CS was even higher than CT under
the prerequisite that the sample size was far less than the latter. Cog-
nitive rehabilitation, as the synthetical treatment involving a bio-
psycho-social medical model (Ford, 1980) did not show a significant
improvement in our NMA and thus got the lowest rank among the three
cognitive interventions. Some studies indicate that cognitive impair-
ment may be controlled successfully by engaging in rehabilitation
strategy for its mission is to pursue an optimal level of physical, psy-
chological and social functioning (Kurz et al., 2009; Otani et al., 2013).
Reports on CR for MCI treatment are very limited. CR is performed
using a mnemonic strategy supported by families or caregivers, which
will increase the consumption of financial and material resources to
some extent and thus delays the development of this cognitive program.
The purposes of CR can simply be categorized into two aspects: one is to
make the most advantage of the remaining memory ability, for ex-
ample, identifying the optimal ways of getting important information or
conducting essential, real-life practical skills (Hill et al., 1987); the
other is to figure out appropriate ways of compensating for difficulties
by applying memory-aid machine or adjusting the environment so that
the requirements on memory can be reduced (Bourgeois, 1990; Clare
et al., 2003a; Steenland et al., 2012).

As the unique target measurement, MMSE may be one of the most
recognized and widely used mental status examinations, which was
chosen exclusively in our study for further analysis (PH et al., 1994).
The clinical utility of MMSE is highly supported as a primary screening
test of cognitive function in the routine clinical examinations of elderly
patients. The reason why we chose MMSE not only because of its ad-
vantages in quantified assessment for patients with a more objective or
what is commonly a vague and subjective impression of cognitive dis-
ability, but also because of its usefulness in providing subjects with a
simple method of cognitive assessment replacing bewildering various
individual approaches (Tangalos et al., 1996). MMSE is a pioneering
cognitive screening instrument with robustness and reliable evidence of
its clinical utility, which solves the issue of selecting primary outcome
in our study. In this context, the results from our study are likely to be

more useful for decision-makers, service commissioners and para-
medics.

We excluded the multicomponent treatment incorporating two or
more cognitive interventions due to the synergistic effect of any com-
bination among cognitive interventions which might introduce certain
mixed elements into our outcome that will be unfavorable to our final
analysis. However, abundant evidence has shown that this combination
has a tendency of consistency with the cognitive intervention therapy
alone(Borghini et al., 2017; Hampstead et al., 2017; Nakata et al.,
2009). Like the combination therapies in pharmacological interventions
(Alavi Naeini et al., 2014; Ownby, 2006), the Memantine, Donepezil,
the combination of Memantine and Acetylcholinesterase inhibitor
(AchEI) (Farrimond et al., 2012) have been proved to be particularly
effective in improving the cognitive function in patients with cognitive
disorders but they still have adverse effects. These linkages may suggest
a rational intercommunity of physical therapy or pharmacological
therapy but the disparity of safety underlines the importance of im-
plementing a non-pharmacological intervention.

Instead of only putting various interventions into different cate-
gories such as physical exercise or cognitive stimulation, to the best
advantage, our NMA took the lead in assessing each intervention in-
dividually and compared all major interventions simultaneously for
MCI patients. From the methodological point of view, traditional meta-
analysis only analyzes the effectiveness of one cognitive intervention
against one control group for elderly adults diagnosed with MCI, but
our NMA has overcome this limitation due to its strength in integrating
more than two cognitive interventions to assess their efficacy con-
currently. This sophisticated synthesis approach can be used in a certain
leading condition, assuming primacy over most of previous studies. And
it may be implemented as the evidence-based clinical guideline which is
useful for healthcare policy makers, service commissioners or clinicians
and caregivers when they are making choices among various kinds of
treatments. In addition, the cognitive intervention of CCT is complex
and multifaceted and the number of relevant trials is very small, which
proves the particular significance of our NMA. Finally, we searched as
many databases as possible to amplify the literature basis so asto pre-
vent any omissions of potentially relevant articles.

The limitations of our NMA should also beduly discussed. First, the
studies included in our NMA used the same scale as the basis, the
outcomes of which were shown as a continuous variable. In the analysis
section, we extracted the mean, SD, and sample size values at baseline
and at last observation for analysis. However, the number of available
studies became smaller since a few studies had lost their data. Second,
there was a significant difference in sample size among different cog-
nitive interventions, which may lead to an imprecise analysis. For ex-
ample, CR (100 samples) had a relatively small sample population
compared to the whole sample size (1333 samples). At last, only CT had
relatively sufficient direct and indirect evidence, whereas CS, of which
relevant studies provided few available data, and CR lacked direct
evidence compared with CT and CS.

Quality of several studies potentially threatens the validity of our
study (Greenaway et al., 2013a; Rojas et al., 2013a; Rozzini et al.,
2010). Some of them lack the blindness in subject participation, per-
sonnel or outside assessors (Rojas et al., 2013a; Rozzini et al., 2010).
Outcome of interest from four studies (Lam et al., 2012; Rozzini et al.,
2010; Tsolaki et al., 2011; Wei and Ji, 2014a) with a high risk of re-
porting bias were reported insufficiently such as the data of char-
acteristics, or the values of outcome needed to be transformed in our
analysis. Three studies were judged as high risk of other bias as the
sample size of one randomized controlled trail (Barban et al., 2016)
with cross-over group design was comprised of three types of partici-
pants including the healthy elderly, the mild cognitive impairment and
finally the mild Alzheimer’s disease. Although its outcome output was
introducing themselves respectively, furthermore, compared with the
parallel group RCT, the trial with cross-over design would minimize
certain biases generally (Sedgwick, 2015), but the other confounding
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factors with subjects resulting the outcome directly may be generated
simultaneously once the trial was conducted. Another study was also
rated as high risk of other bias since its cognitive intervention program
included part of cognitive training intervention (Rojas et al., 2013a).
The remaining study held an insufficient reference for its evidence
(Greenaway et al., 2013a). Some NMA giving the statement in their
method only included the parallel trials (Wang et al., 2018; Wallis et al.,
2018). Unlike these studies, we extracted the original data of parallel
and cross-over RCTs from the first period for controlling the bias be-
tween them (DG et al., 2002), but some other biases may still exist due
to various reasons of design of trials (Sedgwick, 2015), such as the
difference of sample size, the types of each intervention and so on (DG
and Medicine, 2002).

5. Conclusion

In conclusion, our study suggested that cognitive stimulation was
the most effective cognitive intervention, followed by cognitive training
and cognitive rehabilitation. The questions aforementioned suggest
several directions for further research on the more available and in-
tersecting outcomes of aspects such as Alzheimer’s Disease Assessment
Scale-Cognitive section (ADAS-Cog), Clinical Dementia Rating (CDR),
as well as a clinical neuropsychiatric assessment scale, and
Neuropsychiatric Inventory (NPI). Also, more basic trials, especially
randomized controlled trials, need to be carried out to provide a com-
prehensive literature basis, which will facilitate the successful con-
duction of similar network meta-analyse.
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