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Abstract

Background: As we age, cognitive abilities decline which can lead to a decrease in

quality of life (QoL) and an increase in depressive symptoms even in healthy (i.e.,

non‐clinical) older adults. Cognitive trainings (CT) are a promising approach to not

only improve cognition, but also QoL and mood. However, it is unclear which

prognostic factors are associated with changes in QoL and depression after CT.

Objective: To identify prognostic factors and models of changes in QoL and

depressive symptoms after a multi‐domain CT in healthy older adults.

Methods:MEDLINE, Web of Science Core Collection, CENTRAL and PsycInfo were

systematically searched for multi‐domain CT studies in healthy older adults until

August 2022. Studies investigating prognostic factors and/or models on QoL and

depressive symptoms were included. Risk of bias was assessed using the QUIPS and

the PROBAST tool.

Results: Our search revealed N = 12,916 studies, of which only 6 could be included

in the review. Prognostic factors included were sociodemographics, cognitive

reserve, cognitive baseline level, and cognitive change. However, data were too rare

and heterogenous regarding the assessment measures of QoL and depressive

scores, the used multi‐domain CT and the investigated prognostic factors to draw

clear conclusions or conduct meta‐analyses.
Conclusion: There is an urgent need for research on prognostic factors and models

of changes in QoL and depressive symptoms after CT in healthy older participants

as they could help to tailor interventions to individuals in terms of future precision

medicine approaches.
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Key points

� Although cognitive training (CT) is known to have positive effects on quality of life (QoL)

and depression, a systematic review examining prognostic factors and models for these

effects was lacking.

� Prognostic factors included were sociodemographics, cognitive reserve, cognitive baseline

level, and cognitive change.

� Data were too heterogenous to draw clear conclusions or conduct meta‐analyses.
� Future research should enlighten which factors and models predict CT changes on QoL and

depression to foster individualized cognitive interventions.

1 | INTRODUCTION

In the context of research on cognitive aging, the constructs of

quality of life (QoL) and psychological well‐being have gained more

relevance over the past years. QoL is composed of multidimensional

subjective and objective components1,2 that concretely expresses

both how satisfied a person is with his/her life and the degree of well‐
being and welfare he/she is experiencing3. Consequently, physical as

well as psychological components of QoL are negatively associated

with depressive symptoms, such as low mood, lack of interest in

activities or feelings of worthlessness with reduced self‐efficacy.4

Reduced self‐efficacy includes own judgements and feelings of being
unable to control one's own actions, that is, in order to achieve

personal satisfaction, and is associated with higher rates of depres-

sive symptoms.5

Even in healthy aging, a reduced QoL6 and various symptoms

associated with depression7 have been reported as a consequence of

age‐related cognitive decline (e.g., memory, problem‐solving).
Notably, several systematic reviews and meta‐analyses show that

cognitive training (CT) is a promising non‐pharmacological interven-
tion approach to maintain or even improve cognitive performance of

healthy older adults.8,9 Different forms of CT need to be taken into

consideration. One important differentiation is that between “single‐
domain CT” which only targets specific cognitive domains (e.g.,

memory or working memory training) and “multi‐domain CT” in

which several cognitive domains are addressed. Especially multi‐
domain CT is extensively researched, as it is more closely related

to real‐life demands than single‐domain training.10 Also, the multi‐
domain approach is frequently applied in commercially available

“brain games,” such as Nintendo's Dr Kawashima's Brain Training,

which are widely used in the older population.11 Notably, comput-

erized multi‐domain CT was not only the most efficacious CT

approach in a recent network meta‐analysis regarding the outcomes
global cognition and individual cognitive domains.12 Several ran-

domized controlled trials also showed an improvement in QoL after

multi‐domain CT,13,14 and a meta‐analysis reports beneficial effects
on everyday functioning after multi‐domain CT in healthy and

pathological aging.15 Additionally, CT can have further beneficial far

transfer effects on depressive mood in pathological aging as sug-

gested by a recently published meta‐analysis.16 Single studies

revealed similar effects on general depressive mood in healthy

aging17 and provide further evidence for specific beneficial effects on

participants' cognitive self‐efficacy (i.e., exerting some control over or
induce changes in own cognitive skills).18

Even though CT‐induced changes in QoL, depressive symptoms,

and related constructs have been studied in the past, it remains

unclear, whether or not specific characteristics (e.g., sociodemo-

graphic, (neuro‐) psychological) of individuals are associated with

those changes, that is, can be regarded as prognostic factors of

responsiveness to CT with regard to these outcomes. Prognostic

factors are defined as a single factor from which risks can be calcu-

lated for a specific endpoint.19 Yet, as individual risk prediction is

usually poor when it is only based on a single factor, a formal com-

bination of multiple predictors from which risks of a specific endpoint

can be calculated for individuals can be used which is called prog-

nostic model.20 Prognostic model research has three main phases:

model development (including internal validation), external valida-

tion, and investigations of impact in clinical practice.20 Prognostic

factors, such as sociodemographic, neuropsychological or neural pa-

rameters, could facilitate the process of individual decision‐making
with regard to interventions improving QoL and (early) signs of

depression in healthy adults. So far, systematic reviews exist on

prognostic factors21 and models22 on memory training and on multi‐
domain CT responsiveness23; however, they do not take into account

patient‐related outcomes as QoL and depressive symptoms, but

rather cognitive outcomes. Thus, gaining further knowledge on po-

tential predictors of beneficial changes in QoL and depressive

symptoms after CT would be highly relevant for decision support to

realize personalized medicine, for example, in the context of pre-

venting cognitive decline and depressive symptoms.

Therefore, due to the special relevance of multi‐domain CT, the

aim of the present systematic review was to identify prognostic

factors and models of changes in QoL and depressive symptoms

especially after a multi‐domain CT in healthy older adults.

2 | METHODS

The present systematic review is part of a larger project on identi-

fying prognostic factors and models of changes on several outcomes

after multi‐domain training. Due to our broad systematic search

strategy, we were able to conduct two sub‐projects: first, a review
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addressing prognostic factors and models of changes on cognitive

outcomes (e.g., global cognition, executive function23). Second, the

present review focusing on QoL and depressive symptoms as out-

comes. For a detailed description of the methods used, see Roheger

et al.23 The entire project was pre‐registered (https://www.crd.york.

ac.uk/prospero/, ID: CRD42020147531). The reporting follows the

Preferred Reporting Items for Systematic Reviews and Meta‐
Analyses (PRISMA) guideline for systematic reviews and meta‐
analysis.24

2.1 | Systematic literature search, study selection,
and eligibility criteria

MEDLINE (via Ovid), Web of Science Core Collection, CENTRAL and

PsycInfo were systematically searched for relevant studies up to July

2019 and further updated with studies published until August 2022

using the following search terms: “healthy aging”, “older adults”,

“cognitive aging”, “training”, “cognitive training”, “brain training”,

“quality of life”, “QoL”, “life satisfaction”, “well‐being”.
We defined eligibility criteria in terms of population, in-

terventions, comparators, outcomes and timing (PICOT). The review

focused on peer‐reviewed studies in English and German, which

investigated prognostic factors and models of changes in QoL and

depressive symptoms after multi‐domain CT with no limitations

regarding publication date. Studies investigating healthy older (age

≥55 years) participants (P) were included, thereby excluding data from
participants with diagnosis of cognitive impairment or dementia,

neurological and/or psychiatric diseases, assessed at least via self‐
report.

Regarding the included prognostic factors and models, all prog-

nostic factors (e.g., sociodemographic factors, brain imaging param-

eters, genetic parameters, blood factors, personality traits, cognitive

abilities at the entry of the training, different training characteristics,

e.g., intensity of the trainings, etc.) and all prognostic models were

included in the review. In order to depict the current state of prog-

nostic research in the context of CT‐induced changes in QoL and/or

depressive symptoms, we only included published studies explicitly

reporting results of prognostic analyses. We did not request data

from authors of CT‐studies to conduct post‐hoc analyses.
We defined multi‐domain CT as a CT that includes training tasks

of at least two cognitive domains. The training should consist of at

least 90% of cognitive exercises (next to e.g., physical exercises, diets)

with a minimum of 2 sessions in total (I). No pre‐assumptions about
comparator interventions were made (C).

Studies including data on prognostic factors and/or models,

which investigate changes in QoL or depressive status after training

as an outcome measured with established objective (neuro‐) psy-
chological scales were included (O). QoL served as our primary

outcome, whereas depressive symptoms were chosen as our sec-

ondary outcome as they are closely related to QoL.25

The factor measurement of the included studies had to be con-

ducted before the training started at baseline, and there was no

limitation regarding post‐measurements of outcomes or the length of
the follow‐ups (T).

2.2 | Data extraction and quality assessment

Data were extracted by two review authors independently (HLJ and

MR; AKF and EK for the update search) according to the Critical

appraisal and data extraction for systematic reviews of prediction

modeling studies_ prognostic factors (CHARMS_PF) checklist.26 The

authors assessed the extracted studies for the risk of bias indepen-

dently. For prognostic factor studies, the Quality in Prognosis Studies

(QUIPS) checklist, developed by Hayden and colleagues (2013) was

used,27 prognostic model studies were assessed using the “Prediction

model Risk of Bias Assessment Tool (PROBAST)”.28

2.3 | Statistical analysis

In the pre‐registration of the review, it was planned that, if partici-

pants' and methodological characteristics of the individual studies

were sufficiently homogeneous, statistical measures for model per-

formance (e.g., statistics for discrimination and calibration) and model

parameters (e.g., regression coefficients) should be pooled meta‐
analytically across studies. However, we could not extract enough

data to conduct a meta‐analysis.

3 | RESULTS

3.1 | Study selection

The PRISMA diagram in Figure 1 shows the total number of retrieved

references of included and excluded studies, as well as reasons for

exclusion. In total, N = 12,916 studies were identified through the

database search. After removing the duplicates, n = 9198 studies were

screened. We assessed n = 667 full‐texts for eligibility. We could

identifyn=28 for the overall project identifying prognostic factors and

models of changes on different outcomes (e.g., memory, attention,

QoL) after multi‐domain training. There were n = 6 studies investi-

gating specifically depressive symptoms and/or QoL as outcomes.

Therefore, n = 6 studies were finally included in the present review.

With only six included studies, ameta‐analysis could not be conducted.

3.2 | Study and participant characteristics

An overview of study and participant characteristics including study

type (prognostic factor or model study), outcome, outcome definition,

participants' age, sex, and education as well as information on the

conducted training are outlined in Table 1.

In total, five of the investigated studies were prognostic factor

studies29–33 and one study investigated a prognostic model.34 Sample
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F I GUR E 1 PRISMA diagram showing the study selection process.

sizes in the prognostic factor studies ranged from n = 1433 to

n = 60.32 Mean age in the prognostic factor studies ranged from

67.90 years29 to 82.21 years.33 Only three studies reported sex ra-

tios of the participants with slightly more male than female partici-

pants.29,31,32 One prognostic factor study did not report any

sociodemographic characteristics.30 In the prognostic model study,34

27 participants were included with a mean age of 71.67 years, no

sex‐ratio was reported.

3.3 | Outcome measurements

Four of the prognostic factor studies investigated QoL as their main

outcome29–32 using different standardized assessment tools: WHO‐5
Well‐Being Index,29 the World Health Organisations Short Assess-

ment of Quality of Life (WHOQOL‐BREF),31 the Satisfaction with Life
Scale (SWLS),32 and the Short Questionnaire on Quality of Life

(CUBREVACI).30 The WHO‐5 Well‐Being index covers five positively
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worded items, related to positive mood, vitality and general interests,

and measures emotional functioning. Yet, the WHO‐5 Well‐Being
index is also frequently used as a screening tool for depression.

The WHOQOL‐BREF comprises 26 items to assess QoL in four do-

mains: physical, psychological, social, and environment. THE

CUBREVACI is also based on a multidimensional construct of QoL

and health similar to the WHOQOL‐BREF. The SWLS is a 5‐item
instrument focusing on life satisfaction in general.

Two prognostic factor studies32,33 and the included prognostic

model study34 used depressive symptoms as their main outcome. In

the prognostic factor studies32,33 the Geriatric Depression Scale

(GDS) was used to assess depressive symptoms. The GDS consists of

15 items on general mood and depressive symptoms. Nouchi et al.34

used the Profile of Mood State Second Edition‐short version

(POMS2) test to assess depressive symptoms. The POMS2 comprises

35 items measuring Tension‐Anxiety, Depression‐Dejection, Anger‐
Hostility, Vigor‐Activity, Fatigue‐Inertia, Confusion‐Bewilderment,
and Friendliness.

3.4 | Content and characteristics of multi‐domain
CT

Characteristics of multi‐domain CT used in the included studies are

highly heterogeneous. Only two interventions were conducted in a

group setting consisting of structured work sessions including

different training activities.30,32 All other trainings were conducted

on digital devices, either on the participants' television at home,29,34

on a television at the university,33 or on a Nintendo DS.31 Content of

the multi‐domain trainings differed: one training focused on driving‐
related cognitive tasks such as processing speed, dual attention, and

speed prediction,34 three trainings targeted multiple specific cogni-

tive tasks such as word retrieval or orientation tasks,29,30,32 and the

remaining two focused on playing various games in which multiple

cognitive domains were trained.31,33

Yet, included multi‐domain CT also varied in frequency and

duration. Four studies29,30,33,34 reported the training duration

ranging from 6 weeks34 to 9 months.30 Training session duration was

either self‐determined,31 or ranged from 4533 to 90 min.30 All in all,

the total time of training varied from 48029 to 6480 min.30

3.5 | Prognostic factors and models of changes after
multi‐domain CT

As our study pool consisted of only five prognostic factor studies and

one prognostic model study, no clear patterns regarding prognostic

factors and models of changes in QoL and depressive symptoms after

multi‐domain CT in healthy older adults could be detected. Investi-

gated prognostic factors were: Age (1 study), sex (2 studies), edu-

cation (1 study), cognitive reserve (1 study), and cognitive scores

(pre‐test and change scores; 4 studies). An overview of the results is

displayed in Table 1.

Regarding the outcome QoL, all included studies were prognostic

factor studies.29–31 One study found that higher education and being

female predicted improvements of QoL.29 This study calculated two

separate mediation analyses to investigate the two different poten-

tial prognostic factors. Another study examined a possible modera-

tion effect of cognitive reserve on QoL within a linear regression

analysis but could not identify this variable as a significant prognostic

factor.32 One study investigated training‐induced changes in the digit
span test.31 Standardized differences of the digit span forward

(measuring short‐term memory), backwards (measuring working

memory), and a total score were analyzed using separate correlation

analysis for each potential prognostic factor, showing that higher

change scores predicted higher scores in QoL, that is, improvements

in the digit span test predicted improvements in QoL from baseline to

post‐test.31 Furthermore, one study assessing cognitive changes from
pre‐to post‐test found that improvement in cognitive development

significantly predicted improvements in QoL.30

Depressive symptoms were investigated in two prognostic factor

studies32,33 and one prognostic model study.34 In a prognostic factor

study, higher beneficial cognitive changes predicted less depressive

symptoms.33 Cognitive reserve could not be identified as a significant

prognostic factor for depression by Montoya‐Murillo et al.32 In the

prognostic model study, none of the investigated potential prognostic

factors (age, sex, MMSE at baseline, nor the pre‐score of Profile of

Mood State Examination) were significantly associated with depres-

sive symptoms.34

4 | RISK OF BIAS

Risk of bias for prognostic factor studies was assessed with the

QUIPS tool27 and shows medium to high risks of bias in all studies

(Table 2). This is mainly due to the fact that clear reporting of the

statistical results was lacking and all studies except two29,32 used

correlations to calculate prognostic factors. Furthermore, detailed

information on study attrition and possible study confounders was

mostly missing. It should be noted that prognostic factors and all

outcomes of interest were clearly defined and adequately measured

in all studies. Risk of bias in the prognostic model study was assessed

with the PROBAST tool28 and showed that there is also room for

improvement when conducting the statistical analysis, as no model

validation was conducted and the reporting was not exhaustive.

5 | DISCUSSION

This is the first systematic review that investigates prognostic factors

and models for changes in QoL and depressive symptoms after multi‐
domain CT in healthy older adults. Our results show that first, there

is a high need for more prognostic research on multi‐domain CT as

we could only include 5 prognostic factors and one prognostic model

study. Second, prognostic factors included sociodemographics,

cognitive reserve, cognitive baseline level, and cognitive change.
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Third, risk of bias assessment showed methodological shortcomings

regarding prognostic statistical analyses and reporting of the prog-

nostic factors and models in the included studies. Fourth, instruments

to assess QoL and depressive scores were heterogeneous, as well as

the conducted multi‐domain CTs, and the investigated predictors.

Due to these methodological limitations, the high heterogeneity in

scales and trainings, and the limited data, no clear results can be

drawn. Tentatively, data points in the direction that higher cognitive

change scores are associated with higher scores in QoL measures and

lower scores in depressive symptoms measurement after conducting

a multi‐domain CT– in other words, higher CT‐related cognitive gains
are related to higher improvements in QoL and less depressive

symptoms after multi‐domain CT. However, as indicated, these re-

sults must be interpreted with caution.

Due to the small number of included studies, the present review

can be classified an empty review (defined as a review without any

results or without any studies). According to Cochrane standards and

current literature “empty reviews are important, as they tell us who

is undertaking a review and thus interested in the topic, can highlight

major research gaps and indicate the state of the evidence at a point

in time. They can also justify further research and/or funding and

even highlight potential harms of an intervention”.35 Therefore, one

of our main results of the present review is that QoL and depressive

symptoms are highly under‐investigated even though those out-

comes are highly relevant as they have a huge impact on everyday

life. Increasing QoL in older age and decreasing depressive symptoms

is of utmost importance, particularly as subjective wellbeing and

health are closely related. Focusing on cognitive health, a common

approach to prevent cognitive decline in older age is multi‐domain
CT.15 As multi‐domain CT approaches primarily target the training

of different cognitive functions, QoL and mood‐related outcomes are
often assessed as so‐called far transfer (i.e., not directly trained)

outcomes. Training‐induced far transfer effects on mood‐related
outcomes and QoL have become more frequent in research.36

While the effectiveness of CT on those outcomes has been estab-

lished in the past, it remains unclear which specific factors predict

those training‐related far transfer changes. Gaining knowledge in this
area could be helpful in the context of personalized medicine in order

to define specific groups who may benefit from a specific (cognitive)

intervention.

Results of the present review show that prognostic factor and

model studies investigated here show methodological shortcomings

and therefore (together with the fact that data is limited per se),

conclusions are challenging. Even though several guidelines for the

adequate conduction and reporting of prognostic factor and model

studies exist,20 as well as suggestions for specific statistical analysis

in CT prognostic research,37 data analysis and reporting in the

included studies is often incomplete. The present review again un-

derlines the need to use these recommendations with the aim to

generate evidence‐based, reproducible, and reliable results.

Keeping the shortcomings in mind, results point in the direction

that higher cognitive change scores lead to higher changes in QoL

measures and lower scores in depressive symptoms measurement

from pre‐to post‐training. This finding extends previous research on

the relationship between health and subjective wellbeing. More

precisely, a bidirectional relationship between the two constructs can

be considered: On the one hand, subjective wellbeing and QoL seem

to be protective factors for physical and mental health.38 On the

other hand, physical39 and mental functioning40 determine QoL.

Focusing on cognitive functioning and subjective wellbeing, it is well

established that (1) depressive symptoms predict cognitive decline41

and that (2) cognitive decline affects QoL.42 Basak et al.15 found that

participating in a regular multi‐domain CT has positive far transfer

effects on everyday functioning in healthy older adults, indicating

that CT may enhance functional independence in everyday situations

such as meal preparation, telephone use, or money management.

Complementary, everyday functioning is positively associated with

QoL.43 Our results extend previous research and provide further

TAB L E 2 Risk of bias assessment for prognostic factor and prognostic model studies.

Prognostic factor studies

Study

participation

Study

attrition

Prognostic factor

measurement

Outcome

measures

Study

confounding

Statistical analysis and

reporting

Bures et al.29

Fernandez‐Prado
et al.30

McDougall & House31

Montoya‐Murillo

et al.32

Otsuka et al.33

Prognostic model study

Participants Predictors Outcome Analysis

Nouchi et al.34

Note: Red color indicates a high risk of bias, yellow color indicates a moderate risk of bias, green color indicates a low risk of bias, assessed with the

QUIPS tool for prognostic factor Studies27 and the PROBAST tool28 for prognostic model studies.
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evidence that the largest gain in QoL and depressive symptoms is

yielded in persons, who also cognitively benefit most from pre‐to
post training. This finding can also be discussed in the context of

cognitive self‐efficacy. As CT can improve participants' cognitive self‐
efficacy,18 self‐evaluations of own competences to control and

change cognitive skills increase. In addition, cognitive self‐efficacy is
positively correlated with cognitive performance44 and QoL, and

negatively associated with depressive symptoms in older adults.45

Referring to the results of the present review, cognitively benefiting

from multi‐domain CT might be associated with improvements of

cognitive self‐efficacy leading to an increase in QoL and a decrease in
depressive symptoms. However, this moderating role of cognitive

self‐efficacy requires empirical investigation in the future. Surpris-

ingly, only two of the included studies29,31 reported a sex ratio of the

participants, even though previous literature suggests that sex plays

an important role when it comes to predicting success of CT. A recent

post‐hoc analysis of two online CTs (a general cognitive training and
a reasoning cognitive training) including more than 4000 participants

showed that being female predicted grammatical reasoning scores at

6 weeks and 3 months of reasoning training,46 and at 6 weeks in the

general CT group.47 As there are substantial sex differences with

regard to the prevalence of depressive symptoms (with females

experiencing around twice as often major depressive episodes than

males48) and consequently on the perceived QoL, sex should be in-

tegrated in future studies as an important predictor for CT success in

participant‐related variables such as QoL and depressive levels.

Some limitations of this review must be considered. First, as only

English and German articles were included, this implies a possible

limitation. The present review can be regarded as an empty review

which means that data were too rare and heterogeneous to draw a

clear conclusion or to perform a meta‐analysis (as we registered in

our pre‐registration). Therefore, our review is a “wake up‐call” for the
current research field of prognostic factors for CT‐induced changes

in QoL and depressive symptoms as it highlights major research gaps,

indicates the state of the evidence at the current point of time and

justifies further research in this potential area.35 This is also high-

lighted by our update search covering published trials between July

2019 and August 2022 which resulted in only one additional study

that could be included. A further advantage is that we could identify

important methodological shortcomings regarding the statistics and

reporting.

Summarized, this is the first review investigating prognostic fac-

tors and models of changes in QoL and depressive symptoms after

multi‐domain CT in healthy older adults. It shows methodological

shortcomings and emphasizes the need of elaborated prognostic fac-

tor studies with larger sample sizes and clear reporting standards. As

identifying patterns of training success prediction might help to tailor

CTs to individualswith different profiles, further research should focus

and unravel prediction patterns and their underlyingmechanismswith

the aim to optimize the wellbeing of participants in a personalized

medicine approach. This review (carefully) suggests that higher CT‐
related cognitive gains are related to higher improvements in QoL

and depressive symptoms. Further research is needed to evaluate this

finding in more detail, for example, by looking at prognostic factors

after adjusting for cognitive improvement. In the context of person-

alized medicine in clinical practice, predictors easily to assess (e.g.,

using questionnaires), such as sociodemographic variables (e.g., age,

sex, education) or psychological variables (e.g., Big Five personality

traits), could be of particular interest. Furthermore, to understand

plasticity mechanisms, also biological variables (e.g., hippocampal

volume, genetics, nerve growth factors) should be investigated. Finally,

future approaches could include meta‐analyses of individual patient
data in order to adjust effect sizes for confounding factors.
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