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Abstract.
Background: Age-related neuronal changes impact cognitive integrity, which is a major contributor to health and quality of
life. The best strategy to prevent cognitive decline and Alzheimer’s disease is still debated.
Objective: To investigate the long-term effects of the eight-week multicomponent training program BrainProtect® on
cognitive abilities compared to general health counseling (GHC) in cognitively healthy adults in Germany.
Methods: Healthy adults (age ≥50 years) previously randomized to either GHC (n = 72) or BrainProtect (intervention group,
IG, n = 60) for eight-weeks (once weekly, 90 minutes, group-based) underwent a comprehensive neuropsychological test
battery and health-related quality of life (HRQoL) evaluation 3- and 12-months after intervention end.
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Results: Dropout rates were n = 8 after 3 months and n = 19 after 12 months. No significant long-term effect of BrainProtect
was observed for the primary endpoint Consortium to Establish a Registry for Alzheimer’s Disease (CERAD-Plus) total score.
Logical reasoning was significantly improved (p = 0.024) 12 months after completion of the training program in IG participants
compared to the GHC group independent of sex, age, education, diet, and physical activity. In IG participants, thinking
flexibility (p = 0.019) and confrontational naming (p = 0.010) were improved 3 months after completing the intervention
compared to the GHC group, however, after conservative Bonferroni adjustment, significance was lost.
Conclusions: BrainProtect® independently improved logical reasoning compared to GHC up to 12 months after cognitive
training’s end in healthy adults. To uncover the long-term clinical significance of multicomponent cognitive training in healthy
adults, studies with larger sample size and frequent follow up visits are necessary.

Trial Registration Number: German Clinical Trials Register: DRKS00017098

Keywords: Alzheimer’s disease, cognitive integrity, cognitive training, dementia prevention, long-term effects

INTRODUCTION

Modern advances in disease treatment and pre-
vention have significantly increased the average life
expectancy in developed countries.1 Nonetheless,
recent studies show that living in an increasingly
older society comes with drawbacks, most notably
increased prevalence of age-related neurodegenera-
tive diseases, multimorbidity, and related disability.1

While mild cognitive impairment (MCI) as a prodro-
mal stage of early Alzheimer’s disease (AD)2 and
recent discoveries on subjective cognitive impair-
ment (SCI) point out at significant conversion rates of
SCI to MCI and of MCI to AD3, a large body of liter-
ature highlights the benefits of several strategies able
to counteract this progression.4,5 Age-related neural
changes predominantly affect cognitive abilities such
as memory, executive functions as well as attention
span.6 However, aging and age-related changes are
multifactorial and vary inter- and intra-individually,
which leads to underdiagnosis of cognitive decline
and therapeutic challenges.7 Indeed, a highly effec-
tive preventive approach in cognitive decline is a
personalized, value-based strategy including control
of modifiable risk factors such as diabetes, hyper-
tension, and depression as well as actions aimed at
improving nutrition, physical exercise, social inter-
action and cognitive activity.8−14

Within this frame, the protective effect of cogni-
tive training on neuropsychological functions during
aging has recently gained much attention.15 The effi-
ciency of cognitive training appears to be based on
the changes in functional connectivity enabled by the
training, especially when it targets multiple domains
instead of just a single one.16 Indeed, multicom-
ponent interventions including cognitive training,
physical activity and nutritional counseling have

shown beneficial effects for cognitive performance
in older individuals.17 Despite the ongoing debate on
the effectiveness of cognitive training against demen-
tia development, the latter condition is not curable. In
addition, the large majority of patients with dementia
are older women18 with multimorbidity,19 in which
differential diagnosis of dementia is often challeng-
ing. These aspects, together with the upcoming rising
dementia cases, as well as multifactoriality, multi-
morbidity patterns and consequences of dementia,
render the primary prevention of cognitive decline
a public health priority. The present investigation
aimed at evaluating the long-term effects of the eight-
week multicomponent cognitive training program
BrainProtect20 in healthy adults as well as clinical
and demographic characteristics possibly associated
with any observed beneficial effects of BrainProtect
up to 12 months after intervention’s end.

METHODS

Study design and participants

The present analysis used data from a random-
ized controlled trial (RCT) of the multicomponent
training program BrainProtect 2.0,21 whose partici-
pants underwent re-evaluation 3 and 12 months after
study end. Healthy adults (age ≥50 years) previ-
ously randomized to either general health counseling
(GHC) (n = 72) or BrainProtect (intervention group,
IG, n = 60) for eight weeks (once weekly, 90 minutes,
group-based) underwent a comprehensive neuropsy-
chological test battery and health-related quality of
life (HRQoL) assessment prior to the program and
immediately after its end as well as 3- and 12-months
later. The follow-up visits took place during the first
wave of the SARS-CoV-2 pandemic, resulting in an
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unforeseen delay in the analyses. While the RCT
results have been published elsewhere,21 the present
study concerns the analysis of the 3- and 12-months
follow-up data.

In order to be included in the RCT, participants
had to be free from cognitive impairment (Mon-
treal Cognitive Assessment,22 MoCA, ≥26 points
in total) and depressive mood (Beck Depression
Inventory,23 BDI, ≤9 points in total).21 Participants
with insufficient German language skills, impaired
hearing and vision, life-threatening illness or sub-
stance abuse other than nicotine were excluded as
previously described.21 The RCT21 was approved by
the Ethics Committee of the University Hospital of
Cologne in Germany (18–289) and corresponds to the
Declaration of Helsinki.

Assessments and BrainProtect training

Participants, randomized 1:1 into the IG or the
GHC group, were blinded until baseline completion,
like BrainProtect trainers. Afterwards, participants
were instructed not to reveal their group assignment to
any of the outcome evaluators, who remained blinded
to intervention assignment throughout the study.21

At baseline, all participants underwent a com-
prehensive neuropsychological test battery, HRQoL
evaluation and a lifestyle questionnaire. The MoCA22

was used as a screening tool for clinical cogni-
tive disorders whereas the Consortium to Establish
a Registry for Alzheimer’s Disease (CERAD-Plus
Battery)24 and BrainProtect battery20 were used
to assess cognitive performance in all its com-
ponents. The BDI23 was utilized as a screening

tool to exclude depressive mood. In addition, the
questionnaires Instrumental Activities of Daily Liv-
ing (IADL),25 Activities of Daily Living (ADL),26

Mini Nutritional Assessment short-form (MNA-
SF),27 European Quality of Life 5 Dimensions 5
Level (EQ-5D-5L),28 and a lifestyle questionnaire
of the German Association for Memory Train-
ing Bundesverband Gedächtnistraining, BVGT e.V.,
(http://www.bvgt.de) containing questions about
sociodemographic variables as well as state of health,
preexisting diseases (diabetes, arterial hypertension,
etc.), permanent medication, diet and physical activ-
ity and reasons for participating in the cognitive
training program were collected.21

The IG underwent the eight-week BrainProtect
training taking place as weekly 90-min sessions
in groups of up to a maximum of 15 persons.21

GHC participants received a psychoeducational let-
ter on lifestyle and memory skills once weekly for
eight weeks21 based on current scientific recommen-
dations in existing guidelines.7,12,29 As previously
described, BrainProtect training sessions focused on
skills including structuring, concentrating, perceiv-
ing, recognizing connections as well as phrasing and
finding words.20,21 Furthermore, retentiveness, log-
ical thinking, flexibility of thought, imagination and
creativity, judgement, and associative thinking were
evaluated by means of the BrainProtect battery.20,21

Activating motor exercises were performed dur-
ing the training sessions, which included nutritional
counseling units.21 At the end of the eight-week
BrainProtect training, a post-testing by means of
CERAD-Plus battery and BrainProtect battery took
place as previously described.20,21 Box 1 provides an

Box 1: Overview of the BrainProtect battery training tasks with examples

Task type Task content Maximum
score

Thinking flexibility Participants were asked to match a word printed in mirror writing with a picture to form a
noun within one minute and 30 seconds

8 points

Concentration Participants were requested to find a maximum number of identical letters from a box to form
a solution word within two minutes

11 points

Learning Participants were given a timeframe of two minutes to look at a city map and then tick all the
objects they remembered on a list within one minute

10 points

Working memory Participants were dictated five arithmetical tasks involving addition and subtraction, which
they had to solve in their heads by reversing the arithmetic signs (for example
1+2-3=?>1-2+3 = 2)

10 points

Perception Participants were asked to underline a particular word as many times as possible within a
figure consisting of many words strung together within one minute

10 points

Logical reasoning Participants had to find the association between different concepts within one minute
(example ‘short relates to long like small to . . . ?’)

10 points

Imagination Participants had two minutes to form sentences from the initials of 10 car license numbers
which were grammatically correct and complete

10 points

Structured
thinking

Participants were given an empty shelf in which they had to correctly arrange 12 items within
two minutes according to the corresponding instructions

12 points

http://www.bvgt.de
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overview of the BrainProtect battery training tasks,
including an example of each task and the maximum
number of points achievable. The type of tasks trained
in the intervention did not change in the post- and
follow-up tests, but different words and numbers were
used in each session. The BrainProtect battery is not
validated to date.

Long-term evaluation at 3 and 12 months after
training completion

To determine BrainProtect’s long-term effects, par-
ticipants were re-invited to a follow-up visit 3 and 12
months after intervention’s end. At both visits, all
participants underwent CERAD-Plus battery, Brain-
Protect battery as well as HRQoL evaluation. At
second follow-up visit, the MoCA and BDI were
also assessed in all participants. Within 30 days after
the second follow-up visit, personal events poten-
tially impacting physical and mental health during
the study period, such as new diagnoses and drug
therapies, hospitalizations, psychological stressors,
as well as significant lifestyle changes (nutrition,
physical exercise, additional cognitive training, social
activities, sleep habits, and general well-being) were
collected by phone.

Outcomes

As in Falkenreck et al.,21 the primary endpoint of
this investigation was the total score of CERAD-Plus
test battery (CERAD-Plus total score, CERAD-TS2)
at 3 and 12 months after intervention. For comparabil-
ity of the participants’ results, absolute subtest-scores
were converted to z-scores using the Memory Clinic
program (CERAD-Plus online), considering age,
gender, and education.30 This calculation of the
z-scores is based on a norm population resulting
from a multi-center study with n = 604 healthy con-
trol subjects (age: 55–88 years, education: 7–20
years) assessed with the German CERAD-Plus test
battery.31 For accurate interpretation, the CERAD-
TS2 was calculated according to Lillig et al. which is
based on equally weighted z-scores for the different
subtests.32

Secondary endpoints were the changes in the
outcome measures CERAD-Plus and BrainProtect
subcategories as well as those in MoCA, BDI and
HRQoL evaluation. The change was analyzed as �

values 12-month follow-up - baseline and 3-month
follow-up – baseline, respectively. A positive delta
indicates deterioration, while a negative delta indi-

cates improvement, except for the BDI, in which
a negative delta indicates deterioration and a posi-
tive delta indicates improvement. Particular attention
was given to biological sex, age, years of education
(school years and higher education), employment,
sedentary work, family status, diet (omnivore, vege-
tarian, vegan), physical activity, previously diagnosed
memory disorder within the family as well as past
participation in cognitive training programs as well
as personal events (of social, psychological, physi-
cal or lifestyle-based nature) as possible influencing
factors on cognitive performance at follow-up.

Statistical analysis

The statistical analyses were carried out using
IBM SPSS 28 software. Descriptive statistics are pre-
sented as absolute numbers and relative frequencies
for description of categorical variables and mean (+
standard deviation, SD) or median (+ interquartile
range, IQR) for continuous variables as a function of
distribution.

The Shapiro-Wilk test was used to test for normal
distribution. For baseline comparisons, two-sample
t-tests and Mann-Whitney-U tests were applied as
appropriate. Categorical data and frequencies were
compared using Chi-square (χ2) test.

Data analysis was carried out according to a per-
protocol (PP) approach. Only data from subjects who
completed all training sessions of intervention and
participated in testing at baseline, after intervention
and follow-up visits 1 and 2 were considered (n = 88)
and the sample size at each test time was reported.
The threshold of significance was defined as 0.05 for
all analyses.

Repeated measures analysis of variance (ANOVA)
was utilized to compare training effects between the
groups at the four test times at baseline, immedi-
ately after intervention as well as 3 and 12 months
after intervention’s end. The effect size is deter-
mined by the partial eta square (�2

p) and categorized

into small (0.01≤ �2
p ≤0.06), medium (0.06≤ �2

p

≤0.14) and large (�2
p >0.14) effects.33 Based on esti-

mated marginal means, pairwise comparisons were
performed for significant Time x Group interac-
tion effects. Due to the multiple comparisons within
CERAD-TS2 and BrainProtect battery subcategories,
the Bonferroni correction was applied to adjust the
significance level to the number of analyses per-
formed. This was done by multiplying the significant
Time x Group interactions by the number of sub-
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categories (i.e., x15 for CERAD-TS2 and x9 for
BrainProtect). Based on the significant baseline dif-
ferences, repeated measures analysis of covariance
(ANCOVA) was exploratorily performed. Therefore,
the analyses were adjusted for total years of educa-
tion, depressive symptoms and global cognition as
measured with the BrainProtect total score at base-
line.

Multiple linear regression analyses were used to
determine whether certain predictors had an impact
on subjects’ performance after intervention. The
change value�(12-month follow-up - baseline) of the
outcome measures of IG were selected as dependent
variables. Independent variables were the character-
istics gender, age, years of education (school years
and higher education), employment, sedentary work,
family status, diet (omnivore, vegetarian, vegan),
physical activity, previously diagnosed memory dis-
order within the family as well as past participation
in cognitive training and baseline level.

Influence of the four domains of social, psycholog-
ical, physical and nutritional changes during the study
period on intervention’s success at the end of the trial
were investigated using multiple linear regression.
The change value �(12-month follow-up - baseline)
of the outcome measures were selected as dependent
variables. Independent variables were the group allo-
cation, the sum scores of the four domains and the
interaction term Group x Sum score as well as base-
line level. A detailed description of the questionnaire
and calculation of the sum score can be found in the
Supplementary Material.

RESULTS

Of the 132 participants completing the baseline
assessment, 115 attended the posttest, corresponding
to a dropout rate of 12.9%.21 At 3-month follow-up,
the dropout rate was 6.1% and of 107 participants
a total of 12 (11%) were tested late due to the
SARS-CoV-2 pandemic. At 12-month follow-up, the
dropout rate was 14.4% and of 88 participants a total
of 4 (4%) were tested late due to the SARS-CoV-2
pandemic. The PP analysis included therefore 88 par-
ticipants. A total of 52 participants still took part in
answering the final questionnaire, which corresponds
to a dropout rate of 27.3%. Figure 1 shows the over-
all timeline of the study as well as the participants’
reasons for dropping out.

The baseline demographic characteristics of the
study participants as well as demographic charac-

teristics of the participants at posttest and 3- and
12-month follow-up are presented in Table 1.

Of the 88 participants included in the PP-analysis
n = 58 (66%) were female and the median age was
67 years (63–72). On median, the participants had 18
education years and half of them (53%) had an aca-
demic degree, whereas 10 (11%) had no professional
degree.

The IG and GHC were comparable regarding most
demographic characteristics at baseline. However,
there were significant differences between groups
regarding years of education (p = 0.043), BDI base-
line score (p = 0.005), and BrainProtect baseline score
(p = 0.001). With a total of 18 years (14–18), educa-
tional years were higher in GHC than in IG with a
total of 16 years (12–18). On BrainProtect battery at
baseline, the IG participants had a significantly lower
score than the GHC participants and reported higher
BDI baseline scores than the GHC (Table 1).

The median age of the 43 dropout participants
was 69 (62–78) years and the majority were women
(81%). Twenty-six % were still employed and 74%
entered the study with at least one non-communicable
chronic condition such as arterial hypertension
or diabetes. The dropout cohort’s self-perception
of health via grade assignment was significantly
worse (M = 3.3 ± 2.0) than that of the PP cohort
(M = 2.6 ± 1.5). Finally, dropping-out participants
were significantly older (p = 0.009), and their self-
perceived health was worse (p = 0.010) compared
to participants completing the study (Supplementary
Table 1).

Primary outcome

PP data are presented in Table 2. No statistically
significant Time (baseline versus 12-month follow-
up) x Group (IG versus GHC) interaction effects were
found for the primary endpoint CERAD-TS2 at both
3 and 12 months after intervention (F(3,252) = 1.15,
p = 0.342, �2

p = 0.013).

Secondary outcomes

Training effects
Significant Time x Group interaction effects

were seen in the CERAD-Plus subtest BNT
(F(3,255) = 3.82, p = 0.010, �2

p = 0.043) as well
as in BrainProtect subtests thinking flexibility
(F(3,258) = 3.39, p = 0.019, �2

p = 0.038) and logical

reasoning (F(3,258) = 3.18, p = 0.024, �2
p = 0.036), all

with small effect sizes (Table 2). After adjusting for
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Fig. 1. Flow of Participation BrainProtect 2.0.

multiple comparisons using the Bonferroni correc-
tion, none of the previously significant Time x Group
interactions remained significant.

Pairwise comparison of logical reasoning within
the IG revealed significant (p < 0.001) higher per-
formance scores in follow-up 2 than at baseline
(MDiff = 1.07, 95%-CI[0.47, 1.67]). Looking at pair-

wise comparison of thinking flexibility within the
IG, it indicated no statistically significant higher
performance scores in follow-up 1 than at base-
line (MDiff = 0.32, 95%-CI[–0.30, 0.95]) and lower
performance scores in follow-up 2 than at baseline
(MDiff = –0.05, 95%-CI[–0.62, 0.52]). In pairwise
comparison of BNT were also no statistically signif-
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Fig. 2. Development of mean over time. Subtests of CERAD: A) z-Scores: BNT; Subtests of BrainProtect: B) BVGT BrainProtect (thinking
flexibility); and C) BVGT BrainProtect (logical reasoning) at the pre- and posttest and follow-up 1 after 3 months and follow-up 2 after
12 months for IG and GHC; presented with standard error; mean and standard deviation are presented in Table 2. CERAD, Consortium to
Establish a Registry for Alzheimer’s Disease; BNT, Boston Naming Test; BVGT, Bundesverband Gedächtnistraining e.V. BrainProtect.

icant higher performance scores in follow-up 1 than
at baseline (MDiff = 0.0.07, 95%-CI[–0.24, 0.39]) and
lower performance scores in follow-up 2 than at base-
line (MDiff = –0.30, 95%-CI[–0.62, 0.02]) seen.

Significant main effects of group with small effect
sizes were observed for BrainProtect subcategories
concentration (F(1,86) = 5.06, p = 0.027, �2

p = 0.056)
and working memory (F(1,86) = 5.37, p = 0.023, �
p2 = 0.059), indicating lower scores of IG compared

to GHC.
The significant main effects of time can be seen

in Table 2. Of particular note were CERAD-TS2
(p < 0.001) and BrainProtect total score (p < 0.001),
both with significant increasing of performance for
both groups across time. Moreover, significant main
effects of time were observed for BDI (p = 0.003) and
HRQoL evaluation (p = 0.042), indicating increase of
health well-being for both groups over time. Only sig-
nificant main effects of time for MoCA (p < 0.001)
pointed to a decrease of performance for both groups
across time. No side effects or harms of the inter-

vention and follow-up assessments were observed in
either group.

Prediction of responsiveness to training
(12-month follow-up – pretest)

Table 3 as well as Supplementary Table 3 show the
results of linear regression analysis of predictors for
intervention success of IG and GHC.

More years of education revealed a trend towards
predicting positive responsiveness to the intervention
as far as thinking flexibility (p = 0.037) and work-
ing memory (p = 0.003) were concerned. In GHC,
participants with lower number of education years
seemed to have more potential for improvement in the
BrainProtect subcategory concentration (p = 0.021).
No influence of sex, age, being employed, sedentary
work, family status, living alone, diagnosed memory
disorder in family, diet, former participation in cogni-
tive training or physical activity was shown towards
cognitive performance deltas in IG. In GHC, men
showed a significantly higher delta in BrainProtect
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Table 1
Demographic characteristics of the participants at baseline, posttest, 3-month follow-up and 12-month follow-up

Baseline demographic characteristics Post-test Follow-up 1 Follow-up 2
Total
(N = 131)

Intervention
group
(N = 59)

General health
counseling
(N = 72)

p (N = 115) (N = 107) (N = 88)

Age (y), median (IQR) 68 (63–74) 69 (64–76) 67 (59.5–73) 0.053 67 (62–73) 67 (62–72) 67 (63–72)
Female, frequency (%) 94 (71.2) 41 (68.3) 53 (73.6) 0.602 79 (68.7) 72 (67.3) 58 (65.9)
Education (y), median (IQR) 17.5 (13–18) 16 (12–18) 18 (14–18) 0.043 17.5

(13–18)
18 (13–18) 18 (13–18)

Professional degree, frequency (%) 0.446
None 9 (6.8) 6 (10) 3 (4.2) 8 (7) 8 (7.5) 10 (11.3)
Apprenticeship 31 (23.5) 17 (28.3) 14 (19.4) 27 (23.5) 24 (22.4) 17 (19.3)
Technical school 19 (14.4) 8 (13.3) 11 (15.3) 17 (14.8) 17 (15.9) 14 (15.9)
University 69 (52.3) 27 (45) 42 (58.3) 60 (52.2) 56 (52.3) 47 (53.4)

Employment, frequency (% yes) 34 (25.8) 12 (20) 22 (30.6) 0.184 33 (28.7) 30 (28) 23 (26.1)
Sedentary work, frequency (% yes) 93 (70.5) 41 (68.3) 52 (72.2) 0.847 82 (71.3) 77 (72) 65 (73.9)
Marital status, frequency (% married) 75 (56.8) 32 (53.3) 43 (59.7) 0.467 68 (59.1) 62 (57.9) 53 (60.2)
Living alone, frequency (% yes) 40 (30.3) 21 (35) 19 (26.4) 0.255 33 (28.7) 31 (29%) 26 (29.5)
Previous participation in cognitive training, frequency
(% yes)

16 (12.1) 5 (8.3) 11 (15.3) 0.239 14 (12.2) 12 (11.2) 8 (9.1)

Self-perception of health, mean (SD) 2.79 ± 1.70 2.83 ± 1.68 2.76 ± 1.72 0.681 2.77 ± 1.69 2.63 ± 1.51 2.56 ± 1.46
(Indication by grades, higher values indicate worse
perceived health)
Diagnosed memory disorder in family (% yes) 44 (33.3) 20 (33.3) 24 (33.3) 0.879 38 (33) 34 (31.8) 27 (30.7)
Diagnosed disease at study start (% yes) 102 (77.3) 46 (76.7) 56 (77.8) 0.979 89 (77.4) 81 (75.7) 69 (78.4)
Medication at study start (% yes) 100 (75.8) 45 (75) 55 (76.4) 0.534 85 (73.9) 79 (73.8) 64 (72.7)
Nutrition, frequency (%) 0.694

Omnivore 112 (84.8) 48 (80) 64 (88.9) 97 (84.3) 91 (85) 74 (84.1)
Vegetarian 8 (6.1) 4 (6.7) 4 (5.6) 8 (7) 7 (6.5) 6 (6.8)
No specification 12 (9.1) 8 (13.3) 4 (5.6) 10 (8.7) 98 (91.6) 8 (9.1)

Regular physical activity (% yes) 107 (81.1) 48 (80) 59 (81.9) 0.959 93 (80.9) 86 (80.4) 68 (77.3)
Regular physical activity, frequency per week (%) 0.885

1-2x 46 (35.1) 22 (37.3) 24 (33.3) 40 (34.8) 38 (35.5) 33 (37.5)
3-4x 44 (33.6) 18 (30.5) 26 (36.1) 38 (33) 35 (32.7) 28 (31.8)
5-7x 18 (13.7) 9 (15.3) 9 (12.5) 17 (14.8) 15 (14) 11 (12.5)
No specification 23 (17.6) 10 (16.9) 13 (18.1) 19 (16.5) 18 (16.8) 15 (17.0)
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Regular physical activity, duration per unit (%) 0.24
15–30 min 9 (6.9) 7 (11.9) 2 (2.8) 7 (6.1) 7 (6.5) 5 (5.7%)
30–60 min 56 (42.7) 24 (40.7) 32 (44.4) 51 (44.3) 47 (43.9) 42 (47.7%)
>60 min 36 (27.5) 15 (25.4) 21 (29.2) 30 (26.1) 29 (27.1) 22 (25.0%)
No specification 30 (22.9) 13 (22) 17 (23.6) 26 (22.6) 23 (21.5) 18 (20.5%)

BMI, frequency (%) 0.497
<19 4 (3) 2 (3.3) 2 (2.8) 4 (3.5) 3 (2.8) 2 (2.3)
19-20 12 (9.1) 6 (10) 6 (8.3) 10 (8.7) 10 (9.3) 9 (10.2)
21-22 22 (16.7) 13 (21.7) 9 (12.5) 18 (15.7) 17 (15.9) 14 (15.9)
>23 94 (71.2) 39 (65) 55 (76.4) 83 (72.2) 77 (72%) 63 (71.6)

ADL-Score, mean (SD) 5.96 ± 0.19 5.93 ± 0.25 5.99 ± 0.12 0.115 5.97 ± 0.18 5.97 ± 0.17 5.98 ± 0.15
IADL-Score, mean (SD) 7.99 ± 0.09 7.98 ± 0.13 8 ± 0 0.273 7.99 ± 0.09 7.99 ± 0.10 8 ± 0.00
MNA-SF-Score, median (IQR) 13 (12–14) 13 (11–14) 13.5 (12–14) 0.274 13 (12–14) 13 (12–14) 13 (12–14)
EQ-5D-5L, mean (SD) 5.71 ± 1.47 5.83 ± 1.61 5.61 ± 1.35 0.322 5.70 ± 1.48 5.68 ± 1.50 5.66 ± 1.49
EQ-5D-5L health in %, mean (SD) 79.77 ± 14.53 77.85 ± 16.76 81.38 ± 12.9 0.226 79.19 ± 14.64 80.14 ± 14.11 80.81 ± 13.48
(max. 100%, higher values indicate better perceived
health)
BDI, mean (SD) 3.37 ± 2.73 4.02 ± 2.63 2.83 ± 2.71 0.005 3.14 ± 2.61 3.28 ± 2.66 3.32 ± 2.64
MoCA, mean (SD) 27.89 ± 1.4 27.83 ± 1.39 27.94 ± 1.42 0.628 27.88 ± 1.46 27.88 ± 1.45 27.84 ± 1.49
CERAD-Plus-z total score (TS2), mean (SD) 0.16 ± 0.56 0.16 ± 0.54 0.17 ± 0.58 0.879 0.16 ± 0.58 0.06 ± 0.58 0.20 ± 0.58
BVGT BrainProtect total, mean (SD) 44.97 ± 8.85 42.32 ± 7.65 47.18 ± 9.23 0.001 45.12 ± 8.73 45.50 ± 8.55 45.53 ± 8.50

Values are presented as the mean ± standard deviation or median and interquartile range or frequency with percentages. For baseline comparison between groups, p-values of Mann-Whitney-U
testes, independent sample t-tests or χ2-tests are reported as appropriate. Variables were previously inspected visually by qq-plots and statistically by Shapiro-Wilk tests for normal distribution.
BMI, body mass index; ADL, Activities of Daily Living; IADL, Instrumental Activities of Daily Living; MNA, Mini Nutritional Assessment short-form; EQ-5D-5L, descriptive system of 5
dimensions mobility, self-care, usual activities, pain and depression; EQ-5D-5L health in %, participant’s self-rated health on a vertical visual analogue scale; BDI, Beck Depression Inventory;
MoCA, Montreal Cognitive Assessment; CERAD, Consortium to Establish a Registry for Alzheimer’s Disease; BVGT, Bundesverband Gedächtnistraining e.V. BrainProtect.
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Table 2
ANOVA with measurement repetition between IG and GHC

Outcome Intervention group (IG) General health counseling (GHC)
Baseline Posttest Follow-up 1 Follow-up 2 Baseline Posttest Follow-up 1 Follow-up 2 Time Group Time x Group

�2
p p �2

p p �2
p p(p)aM M M M M M M M

(SD) (SD) (SD) (SD) (SD) (SD) (SD) (SD)

CERAD-Plus-z total
score (TS2)b (N = 88;
IG = 42, CG = 46)

0.16
(0.54)

0.64
(0.56)

0.61
(0.62)

0.42
(0.55)

0.22
(0.62)

0.63
(0.37)

0.48
(0.61)

0.52
(0.49)

0.154 ≤0.001 0.000 0.979 0.013 0.342

Verbal fluency –0.38
(0.84)

0.37
(1.08)

0.28
(1.01)

0.21
(1.12)

–0.02
(0.87)

0.29
(0.90)

0.44
(1.06)

0.36
(0.96)

0.133 ≤0.001 0.009 0.377 0.017 0.221

Boston Naming Test
(BNT)

0.02
(1.04)

0.48
(0.68)

0.40
(0.83)

–0.29
(0.91)

0.38
(0.83)

0.55
(0.60)

0.14
(0.90)

0.09
(0.78)

0.114 ≤0.001 0.016 0.249 0.043 0.010
(0.15)

Mini Mental Status
Examination (MMSE)

–0.62
(1.09)

0.05
(1.03)

0.07
(0.98)

–0.32
(0.91)

–0.43
(1.53)

–0.00
(0.94)

–0.45
(1.38)

–0.16
(0.98)

0.040 0.015 0.002 0.670 0.022 0.127

Wordlist (WL) total 0.33
(1.07)

0.78
(1.04)

0.83
(1.13)

0.88
(0.91)

0.18
(0.91)

0.73
(0.87)

0.83
(1.10)

0.97
(0.82)

0.130 ≤0.001 0.000 0.859 0.004 0.781

Wordlist (WL) recall 0.28
(1.20)

0.74
(0.93)

0.84
(0.86)

0.66
(0.77)

0.05
(1.29)

0.63
(0.81)

0.70
(0.92)

0.72
(0.82)

0.079 ≤0.001 0.010 0.355 0.004 0.780

Wordlist (WL) savings 0.24
(1.60)

0.25
(1.05)

0.59
(0.88)

0.30
(0.82)

0.05
(2.08)

0.27
(0.74)

0.46
(0.97)

0.34
(0.64)

0.017 0.230 0.003 0.602 0.002 0.912

Wordlist (WL)
recognition

0.04
(0.99)

0.32
(0.53)

0.43
(0.43)

0.13
(0.73)

–0.28
(1.10)

1.23
(6.16)

0.28
(0.57)

0.19
(0.65)

0.025 0.093 0.003 0.591 0.013 0.338

Constructional praxis –0.33
(1.08)

0.40
(0.70)

0.12
(1.08)

–0.19
(1.23)

–0.24
(1.16)

0.20
(0.96)

–0.36
(1.43)

–0.41
(1.29)

0.072 ≤0.001 0.019 0.202 0.013 0.325

Constructional praxis
recall

–0.30
(1.22)

0.83
(0.76)

0.20
(1.35)

0.38
(1.02)

–0.12
(1.39)

0.44
(1.01)

–0.33
(1.30)

–0.02
(1.30)

0.110 ≤0.001 0.036 0.079 0.022 0.131

Constructional praxis
saving

–0.10
(0.93)

0.49
(0.70)

0.12
(1.02)

0.49
(0.94)

0.06
(1.04)

0.27
(0.71)

0.01
(0.95)

0.26
(1.00)

0.055 0.002 0.009 0.381 0.011 0.425

Trail Making Test
(TMT) A

0.70
(1.30)

0.62
(1.57)

1.02
(1.30)

0.70
(1.16)

0.56
(1.21)

0.94
(1.16)

0.91
(0.94)

0.92
(1.00)

0.019 0.173 0.002 0.696 0.013 0.325

Trail Making Test
(TMT) B

0.91
(1.48)

0.98
(1.33)

1.04
(1.31)

1.06
(1.72)

0.80
(1.37)

1.17
(1.11)

1.27
(1.33)

1.40
(1.37)

0.020 0.162 0.007 0.435 0.007 0.611

Delta TMT B A 0.19
(1.02)

0.40
(1.18)

0.04
(1.03)

0.30
(1.36)

0.17
(0.92)

0.21
(1.09)

0.26
(1.03)

0.36
(0.93)

0.008 0.540 0.000 0.903 0.008 0.570
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s-Words 0.35
(1.35)

1.04
(1.10)

1.05
(1.17)

0.86
(1.06)

0.21
(1.04)

1.01
(0.96)

0.87
(0.95)

1.00
(0.97)

0.131 ≤0.001 0.001 0.739 0.006 0.658

BVGT BrainProtect
total scoreb (N = 88;
IG = 42, CG = 46)

43.1
(7.31)

51.2
(10.53)

52.7
(11.23)

45.2
(10.82)

47.6
(9.19)

52.1
(8.58)

54.3
(10.20)

48.9
(8.87)

0.328 ≤0.001 0.025 0.137 0.024 0.105

Thinking flexibility 3.7
(1.60)

5.2
(1.91)

4.6
(2.17)

3.7
(1.63)

4.5
(1.86)

5.4
(1.73)

4.2
(1.74)

4.4
(1.64)

0.136 ≤0.001 0.016 0.240 0.038 0.019
(0.171)

Concentration 7.0
(1.54)

7.3
(1.90)

7.3
(1.66)

7.1
(1.99)

7.4
(2.02)

8.0
(1.67)

8.1
(2.06)

7.8
(1.66)

0.021 0.133 0.056 0.027 0.004 0.803

Learning 6.7
(1.06)

8.5
(1.30)

8.1
(1.32)

7.6
(1.59)

7.1
(1.34)

8.5
(1.06)

8.2
(1.09)

7.8
(0.92)

0.310 ≤0.001 0.005 0.494 0.008 0.563

Working memory 5.3
(2.57)

5.7
(2.53)

6.9
(2.62)

5.9
(3.04)

7.1
(2.79)

6.5
(2.86)

7.2
(2.65)

7.1
(2.79)

0.042 0.012 0.059 0.023 0.023 0.107

Perception 4.7
(1.82)

6.0
(2.16)

6.9
(2.09)

3.8
(2.07)

5.3
(1.92)

6.0
(2.00)

7.4
(2.11)

3.8
(1.79)

0.432 ≤0.001 0.012 0.308 0.009 0.493

Logical reasoning 5.2
(1.75)

6.2
(2.06)

8.3
(2.09)

6.3
(2.89)

5.4
(1.56)

5.6
(2.13)

7.4
(2.74)

6.5
(2.44)

0.357 ≤0.001 0.007 0.439 0.036 0.024
(0.216)

Imagination 2.8
(1.66)

4.1
(2.06)

3.2
(2.01)

3.1
(2.05)

3.3
(1.72)

3.9
(1.83)

3.6
(2.00)

3.4
(1.81)

0.087 ≤0.001 0.007 0.437 0.018 0.192

Structured thinking 7.7
(2.76)

8.1
(3.10)

7.3
(3.47)

7.5
(3.62)

7.4
(3.32)

8.3
(3.12)

8.2
(3.44)

8.1
(3.20)

0.010 0.466 0.007 0.444 0.008 0.533

MoCAb (N = 88;
IG = 42, CG = 46)

27.8
(1.57)

– – 26.6
(2.46)

27.9
(1.43)

– – 27.1
(1.912)

0.170 ≤0.001 0.010 0.344 0.005 0.501

BDIc (N = 88;
IG = 42, CG = 46)

3.5
(2.37)

– – 2.1
(2.55)

3.0
(2.78)

– – 2.3
(2.88)

0.102 0.003 0.001 0.791 0.013 0.291

EQ-5D-5Lb (N = 88;
IG = 42, CG = 46)

5.6
(1.53)

6.0
(1.90)

5.8
(1.46)

6.0
(1.56)

5.7
(1.48)

6.1
(1.71)

6.1
(1.581)

5.8
(1.29)

0.031 0.042 0.000 0.879 0.010 0.451

Health in %b 79.7
(14.66)

81.3
(13.62)

80.9
(13.82)

80.7
(10.97)

81.4
(12.15)

78.8
(11.97)

78.7
(14.63)

77.2
(12.51)

0.007 0.593 0.005 0.497 0.022 0.122

Data are indicated as mean standardized z-scores (CERAD) or raw scores and standard deviations (SD). CERAD, Consortium to Establish a Registry for Alzheimer’s Disease; BVGT, Bundesverband
Gedächtnistraining e.V. BrainProtect; MoCA, Montreal Cognitive Assessment; BDI, Beck Depression Inventory; EQ-5D-5L, descriptive system of 5 dimensions mobility, self-care, usual activities,
pain and depression; EQ-5D-5L health in %, participant’s self-rated health on a vertical visual analogue scale. (p)a, p after adjusting the significant results for multiple testing using the Bonferroni
correction. bHigher values indicate better performance; clower scores indicate better performance.
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Table 3
Linear regression of potential influencing factors of the delta follow-up 2 - pretest (IG)

Standardized β-coefficients of predictors (p-value)
Outcome Delta
follow-up 2 -
pretest

Baseline
level

Sex Age Education
in years

Employed Sedentary
work

Married Divorced/
separated

Single Living
alone

Diagnosed
memory
disorder
in family

Vege-
tarian

Former
CT
partici-
pation

Physical
activity

CERAD-Plus-z
total score (TS2)a

F(14,22) = 2.900,
p = 0.012, adj.
R2 = 0.425

–0.688
(0.001)

–0.008
(0.963)

–0.242
(0.159)

0.009
(0.962)

–0.022
(0.890)

0.119
(0.440)

–0.126
(0.657)

–0.064
(0.742)

–0.191
(0.337)

0.116
(0.622)

–0.102
(0.511)

–0.095
(0.558)

0.007
(0.957)

0.079
(0.597)

BVGT BrainProtect
total scorea

F(14,22) = 1.178,
p = 0.355, adj.
R2 = 0.065

–0.129
(0.629)

0.259
(0.245)

–0.059
(0.814)

0.523
(0.025)

–0.099
(0.625)

0.131
(0.497)

0.367
(0.344)

–0.017
(0.942)

0.119
(0.626)

0.194
(0.529)

0.072
(0.712)

–0.107
(0.594)

–0.213
(0.254)

0.020
(0.917)

Thinking flexibility
F(14,37) = 2.872,
p = 0.005, adj.
R2 = 0.339

–0.624
(≤0.001)

0.066
(0.603)

–0.098
(0.549)

0.307
(0.037)

–0.070
(0.637)

0.094
(0.488)

–0.228
(0.209)

–0.318
(0.067)

–0.166
(0.292)

0.225
(0.244)

–0.043
(0.753)

0.009
(0.948)

0.012
(0.923)

–0.126
(0.334)

Concentration
F(14,37) = 0.851,
p = 0.614, adj.
R2 = –0.043

–0.147
(0.402)

0.045
(0.777)

–0.050
(0.811)

0.390
(0.029)

–0.144
(0.447)

0.249
(0.151)

–0.186
(0.408)

–0.306
(0.164)

–0.136
(0.480)

0.312
(0.210)

–0.084
(0.623)

–0.042
(0.805)

–0.006
(0.971)

–0.042
(0.797)

Learning
F(14,37) = 1.034,
p = 0.444, adj.
R2 = 0.009

–0.230
(0.158)

0.034
(0.830)

–0.019
(0.920)

0.295
(0.082)

–0.142
(0.438)

0.046
(0.781)

–0.095
(0.670)

–0.300
(0.152)

–0.222
(0.230)

0.134
(0.567)

–0.085
(0.619)

–0.023
(0.889)

–0.226
(0.161)

–0.127
(0.426)

Working memory
F(14,37) = 1.990;
p = 0.047, adj.
R2 = 0.214

–0.591
(0.001)

–0.128
(0.419)

–0.048
(0.772)

0.480
(0.003)

–0.094
(0.577)

0.078
(0.601)

0.049
(0.802)

–0.176
(0.341)

–0.064
(0.693)

0.243
(0.252)

–0.125
(0.432)

0.069
(0.637)

–0.247
(0.108)

–0.187
(0.190)
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Perception
F(14,37) = 0.826;
p = 0.637, adj.
R2 = –0.050

–0.274
(0.116)

0.094
(0.560)

–0.080
(0.689)

0.234
(0.188)

–0.148
(0.440)

–0.142
(0.411)

–0.045
(0.843)

–0.007
(0.974)

–0.163
(0.390)

0.083
(0.734)

0.051
(0.770)

0.089
(0.597)

0.056
(0.735)

–0.234
(0.162)

Logical reasoning
F(14,37) = 1.242;
p = 0.288, adj.
R2 = 0.062

–0.066
(0.736)

0.066
(0.669)

0.019
(0.921)

0.375
(0.032)

–0.146
(0.414)

–0.159
(0.327)

–0.373
(0.085)

–0.453
(0.029)

–0.387
(0.035)

0.337
(0.147)

–0.052
(0.750)

–0.064
(0.686)

0.164
(0.300)

–0.139
(0.394)

Imagination
F(14,37) = 1.452;
p = 0.179, adj.
R2 = 0.110

–0.422
(0.016)

0.128
(0.383)

0.040
(0.819)

0.386
(0.026)

–0.092
(0.594)

–0.161
(0.307)

–0.166
(0.433)

–0.436
(0.031)

–0.290
(0.101)

0.331
(0.141)

–0.070
(0.659)

–0.063
(0.699)

–0.150
(0.324)

–0.119
(0.445)

Structured
thinking
F(14,37) = 1.631;
p = 0.116, adj.
R2 = 0.148

–0.301
(0.117)

–0.020
(0.894)

0.215
(0.262)

0.251
(0.112)

0.095
(0.571)

–0.006
(0.968)

–0.015
(0.946)

–0.428
(0.056)

–0.019
(0.908)

0.190
(0.428)

–0.051
(0.742)

0.070
(0.655)

–0.229
(0.134)

–0.118
(0.433)

MoCAa

F(14,22) = 1.377,
p = 0.243, adj.
R2 = 0.128

–0.457
(0.018)

–0.200
(0.319)

–0.108
(0.599)

0.228
(0.255)

0.154
(0.802)

0.141
(0.448)

0.709
(0.050)

0.422
(0.081)

0.291
(0.204)

0.393
(0.185)

–0.139
(0.450)

0.162
(0.396)

0.007
(0.968)

0.071
(0.704)

BDIb

F(14,21) = 2.706,
p = 0.019, adj.
R2 = 0.406

–0.652
(0.001)

0.033
(0.844)

0.046
(0.792)

0.337
(0.056)

–0.143
(0.405)

–0.038
(0.807)

–0.095
(0.746)

–0.014
(0.947)

0.023
(0.903)

–0.064
(0.786)

0.035
(0.825)

–0.139
(0.396)

–0.022
(0.878)

–0.073
(0.666)

EQ-5D-5La

F(14,22) = 1.235,
p = 0.320, adj.
R2 = 0.084

–0.383
(0.065)

–0.267
(0.246)

–0.153
(0.475)

0.097
(0.649)

–0.192
(0.348)

–0.299
(0.126)

0.077
(0.829)

0.150
(0.534)

0.053
(0.819)

0.104
(0.728)

0.118
(0.540)

–0.113
(0.583)

0.021
(0.903)

–0.112
(0.562)

Dependent variables are defined as delta follow-up 2 minus pretest of the named outcomes; all regression models are presented; for each significant regression model, standardized regression
coefficients are reported for predictors irrespective of reaching statistical significance; regression models that reached statistical significance at p < 0.05 are presented bold printed; CERAD,
Consortium to Establish a Registry for Alzheimer’s Disease; BVGT, Bundesverband Gedächtnistraining e.V. BrainProtect; MoCA, Montreal Cognitive Assessment; BDI, Beck Depression
Inventory; EQ-5D-5L, descriptive system of 5 dimensions mobility, self-care, usual activities, pain and depression. aHigher values indicate better performance; blower scores indicate better
performance.
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subcategory concentration (p = 0.049) and younger
participants of GHC appeared to have more potential
for improvement in BrainProtect subcategory per-
ception (p = 0.031). Other results of the GHC are
presented in Supplementary Table 3.

Prediction of influencing changes during study
period

Supplementary Table 4 shows the results of lin-
ear regression analysis of changes during study
period surveyed by the final questionnaire. None of
the social, psychological, physical and nutritional
changes during the study period affected the success
of the intervention at the end of the study.

DISCUSSION

To our knowledge, this is the first investigation
of the long-term, up to one-year effects of a multi-
component cognitive training program on cognitive
performance of cognitively healthy persons. Simi-
larly to the short-term results,21 the primary endpoint
CERAD-Plus did not reach significance at neither
3 nor 12-month follow-up (Table 2). Several rea-
sons may account for the lack of specific training
effects using CERAD-Plus measurements. As the
participants were all cognitively healthy adults, this
study was more likely to identify preventive measures
against cognitive decline. However, CERAD-Plus is
a scientifically established instrument for diagnosing
cognitive deficits associated with dementia-related
diseases.24 Our participants may have not fit the target
population of the CERAD-Plus and it may therefore
not be sensitive enough for detecting smaller incre-
ments due to cognitive training. There is however no
other comparable test that could have been used for
our objective.

Moreover, the present analysis showed that, com-
pared to GHC, the BrainProtect training is associated
to significant improvements in logical reasoning up
to 12 months (Fig. 2C) as well as to significant
improvements in thinking flexibility and confronta-
tional naming up to 3 months (Fig. 2A-B) after
completion of training.

Although the significant training effects remained
significant after adjustment by depressive symptoms
and years of education (Supplementary Table 2), sig-
nificance was lost after adjustment by Bonferroni
correction. Another important result of the present
study is that response to intervention at 12-month
follow-up was influenced, as far thinking flexibility

and working memory are concerned, by higher educa-
tion, while none of the other hypothesized predictors
(gender, age, employment, sedentary work, family
status, diet, physical activity, previously diagnosed
memory disorder within the family, past participa-
tion in cognitive training and baseline level) affected
such response (Table 3).

The definition of cognitive reserve as “adaptabil-
ity that helps to explain differential susceptibility of
cognitive abilities or day-to-day function to brain
aging, pathology, or insult.”34 implies that each
person seems to cope differently with age- and
disease-related changes in cognitive function based
on individual burdens and behaviors throughout one’s
life span.35 This evidence is strongly indicative for
the need of multicomponent interventions for the pre-
vention of age-related cognitive decline36,37 and the
long-term results of this study in the context of sec-
ondary endpoint partially demonstrate the success of
this type of intervention.

After adjusting by years of education and depres-
sive symptoms, BrainProtect significantly improved
logical reasoning in IG participants up to 12 months
after intervention’s end (Fig. 2C) (Table 2). Although
significance was lost after Bonferroni correction, this
result is deemed important as it sheds light on possible
training developments focusing on long-term delay
of cognitive impairment. The Bonferroni correction
was applied to prevent Type I errors in the context of
multiple comparisons, but it represents a very con-
servative method of adjustment.38 Even if the result
before adjustment should be interpreted cautiously,
it demonstrates a tendency of training enhanced cog-
nitive functions that persist and will have positive
effects not only on cognition but also on quality of
life in the context of logical reasoning. Cristofori et
al. describe reasoning as “the core of the general-
ization and abstraction processes that enable concept
formation and creativity”.39 Reasoning belongs to
the executive functions of individuals and thus repre-
sents a fundamental cognitive property for day-to-day
life and social functioning.39 The ACTIVE trial also
showed that logical reasoning can be enhanced by
cognitive training, even after 10 years40 and thus
underlines the effectiveness and importance of cog-
nitive interventions in adults.

Executive functions in general can be signifi-
cantly influenced by cognitive training in healthy
older people.41 BrainProtect subcategory thinking
flexibility, which is another executive function and
fundamental to basic human thinking39 and CERAD-
Plus subcategory BNT measuring confrontational
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naming showed a significant difference between IG
and GHC 3 months after intervention’s end (Fig.
2A-B) (Table 2). A previous study concluded that
confrontational naming ability differs significantly
between younger and older people and that poorer
ability of confrontational naming is an impact of
normal ageing.42 Hedden maintained that execu-
tive functions are particularly affected by volumetric
reductions in the prefrontal cortex, which are part
of the neurocognitive processes of normal cognitive
aging.43 Although age-related deterioration in con-
frontational naming seems to be considered normal,
our result suggests that this can be partly counteracted
preventively by multicomponent intervention.

Participants’ years of education seemed to pre-
dict better outcome in BrainProtect subcategories
thinking flexibility and working memory. Lövdén
et al.44 also reported a positive correlation between
earlier years of education and cognitive function
in later life. Otherwise, no significant predictors of
training success were found, suggesting that none
of the other variables included in the analysis may
be regarded as systematically predicting training
outcome. Such homogenous effects regardless of par-
ticipant’s characteristics were also observed in the
FINGER-trial, in which sociodemographic data, vas-
cular risk and cognition did not influence response to
the intervention.45

So far, there is no consensus on how long cog-
nitive training should last to be effective. Cognitive
training with lower weekly frequencies46 and ses-
sions shorter than 0.5 h in a larger total number
seem to be most effective, although positive effects
of cognitive interventions are still small.47 This is
consistent with the results of another meta-analysis
in which weekly training sessions for ≥ two months
were found to be more effective.41 These findings
indicate that the future training duration of BrainPro-
tect must be adjusted.

Considering that depressive symptoms within the
IG were more distinctive at baseline than after 12
months and HRQoL also showed an increase within
the IG, it can be assumed that the intervention had
positive effects on participant’s mental health, though
without significance (Table 2). The retrospective
analyses from BrainProtect 1.0 already indicated that
more than half of the participants reported a signifi-
cantly improved well-being after the intervention20

and also eight-week intervention’s short-term out-
comes showed a significantly better HRQoL for
the IG whereas the GHC reported a worsening.21

This may be consistent with the findings of Pitkala

et al.48 that well-being, cognition, and health are
related to social interaction, which the IG was able
to perceive. Moreover, patient-related outcome mea-
sures (PROMs) such as emotions, self-efficacy and
motivation are highly relevant for both training and
intervention outcomes49 and provide determining
factors.50

Older age and worse self-perception of health in
dropout cohort were significant and seem to be a
reason for early completion of the trial (Supplemen-
tary Table 1). However, further differences especially
regarding clinical and neuropsychological param-
eters were not present between dropouts and the
PP-cohort, indicating that personal reasons rather
than clinically relevant variables influenced protocol
adherence.

The multidomain intervention BrainProtect
includes short physical exercises at the beginning
and during the intervention. Kalbe et al.51 determined
that cognitive training plus physical exercises are not
superior to pure cognitive training in healthy adults
but that both lead to cognitive gains. Therefore,
the significance of physical activity needs to be
considered when thinking about healthy ageing
in general and especially in cognitive decline.11

Nevertheless, BrainProtect did not include aerobic
exercises, which seem to positively counteract
the age-related reduction of brain structure and
accumulation of neurotoxic factors52 and might be
supplemented in the future.

Considering the increased life expectancy world-
wide and older age as one of the main risk factors
for cognitive decline,7 the preservation of cognitive
integrity is becoming increasingly important. The
finding that BrainProtect has already shown positive
effects in cognitively healthy adults thus supports
the assertion of cognitive training as a preven-
tive measure.29 Non-pharmacological interventions,
such as multicomponent training containing nutri-
tion, physical activity and cognitive training,53 can
slow the progression of cognitive decline54 or help
maintain cognitive integrity leading to the preserva-
tion of quality of life, especially before the onset
of symptoms.55 As already mentioned at the begin-
ning, SCI, which affects 50–80% of people aged
≥70 years,56 converts to MCI, which is a prodromal
stage of AD.3 Since there is no cure for dementia,
prevention is important not only for the health and
quality of life of those affected and their relatives, but
also because of the enormous socio-economic costs
associated with it. Therefore, it can be said that Brain-
Protect shows potential as a preventive tool against
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cognitive decline with the long-term results of this
study, but certainly still has potential for improvement
regarding aerobic exercises and dietary tips.

Limitations and strengths of the study

Inherent limitations of the trial must be considered
when interpreting the previously presented results.
The average participant is a married, educated, non-
working, active and healthy woman in her sixties
who comes from the Cologne area and therefore the
results are only partly transferable to a general pop-
ulation older than 50 years. Therefore, an increased
sample size as well as recruitment from additional
communities is required in the future, to enhance
generalizability to other populations.

As CERAD-Plus is a neurocognitive test-battery
designed for the assessment of dementia-related
illness,24 the results of our healthy participants might
have to be interpreted differently than in cogni-
tively affected persons. However, it must be noted
that CERAD-Plus was able to determine significant
changes in cognitive performance in healthy subjects
after the intervention21 as well as after 3 months
(Table 2), indicating a steady effect of BrainProtect
on mental functioning. Moreover, ceiling effects57

also should be considered at this point, since espe-
cially in the subcategories BNT, wordlist total and
recall as well as constructive recall the maximum
score was already reached by the majority at baseline,
thus changes in the course could not be reflected. The
statistical phenomenon of “regression to the mean”
(RTM) has also to be mentioned, which may be
observed especially in repeated measurements within
the same observation unit.58 However, to counteract
the statistical artifact of RTM,58,59 participants were
randomly allocated to IG or GHC, and ANCOVA
analysis was performed with significant baseline dif-
ferences as covariates.

Retraining-effects of CERAD-Plus must be taken
into account since the tasks did not change at the
different test points and the participants thus knew to a
certain extent which tasks they had to work on or even
still knew terms by memorization. However, although
the task types of BrainProtect remained unchanged,
different words, phrases or pictures were used, so that
the subjects could not fall back on rote learning.

The final questionnaire was limited by the poor
accessibility despite contacting the participants for
three times. However, no significant changes during
the study period affecting intervention’s success at
the end of the study were found.

The cognitive training took place exclusively as
group training with specially qualified memory train-
ers, intended for motivation and training success, but
restrictive in implementing individually from home.
However, the opportunity of computerized cognitive
training46,60 could supplement group training from
home to reduce the number of group sessions but to
ensure regular cognitive training.

Due to the SARS-CoV-2 pandemic, many of the
participants expressed their great fear of infection
which was, in many cases, the reason for non-
participating or a delayed testing due to the lockdown.
Moreover, the test had to take place in a different
location than before which led to great confusion
or lack of accessibility for some subjects. Crivelli et
al.61 found a lower general cognition in COVID-19
recovered patients compared to healthy controls. This
finding and the fear of participants as well as distance
and wearing a medical mask may have had impact on
the results of the last follow-up.

Conclusions

The eight-week BrainProtect training program did
not improve the primary endpoint of global cogni-
tive function (CERAD-Plus). Nevertheless, it may
have the potential of improving participant’s cogni-
tive functions, as especially logical reasoning seems
to be improved after 12 months regardless of indi-
vidual characteristics. Also thinking flexibility and
confrontational naming were improved for at least 3
months after intervention, disregarding the fact that
none of the significances were present after Bonfer-
roni adjustment.

Since BrainProtect appears to be a potential pre-
vention tool against cognitive decline in healthy
adults, additional studies are needed in the future
to analyze the optimal duration of the BrainProtect
training program and its effects after a period of more
than one year with a larger sample size. Moreover,
BrainProtect needs to be further scientifically vali-
dated.
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59. Smoleń T, Jastrzebski J, Estrada E, et al. Most evidence for
the compensation account of cognitive training is unreliable.
Memory Cogn 2018; 46: 1315-1330.

60. Gates NJ, Rutjes AW, Di Nisio M, et al. Computerised cogni-
tive training for 12 or more weeks for maintaining cognitive
function in cognitively healthy people in late life. Cochrane
Database Syst Rev 2020; 2: CD012277.

61. Crivelli L, Palmer K, Calandri I, et al. Changes in cognitive
functioning after COVID-19: A systematic review and meta-
analysis. Alzheimers Dement 2022; 18: 1047-1066.


