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Abstract
Objective: Older adults with subjective memory complaints (SMC) have a higher risk of dementia and commonly demonstrate
symptoms of depression and anxiety. The study aimed to examine the effect of a memory training program for individuals with
SMC, and whether memory training combined with group counseling aimed at alleviating depression and anxiety would boost
memory training gains.

Design: A three-armed, double-blind, randomized controlled trial.

Setting and Participants: Community-dwelling older adults with SMC, aged ≥ 60 years.

Methods: Participants (n = 124) were randomly assigned to memory training (MT), group counseling (GC), or GC+MT
intervention. The GT+MT group received 4-hour group counseling followed by a 4-week memory training, while the MT group
attended reading and memory training, and the GC group received group counseling and health lectures. Cognitive function and
symptoms of depression and anxiety were assessed at baseline, mid-, and post-intervention. The GC+MT group and GC group
had resting-state functional magnetic resonance imaging at mid- and post-intervention.

Results: After group counseling, the GC+MT and GC groups showed reduced symptoms of anxiety and depression, compared to
the MT group. Memory training enhanced memory performance in both MT and GC+MT groups, but the GC+MT group
demonstrated larger memory improvement (Cohen’s d = 0.96) than the MT group (Cohen’s d = 0.62). Amygdala-hippocampus
connectivity was associated with improved mood and memory gains.

Conclusion and Implications: Group counseling reduced symptoms of anxiety and depression, and memory training enhanced
memory performance. Speci�cally, improved mood induced larger memory training effects. The results suggest that it may
need to include treatment for depression and anxiety in memory intervention for older adults with SMC.

Trial Registration: ChiCTR-IOR-15006165 in the Chinese Clinical Trial Registry.

Introduction
Individuals with subjective memory complaints (SMC) report declining memory without measurable cognitive de�cits. SMC
crosses the boundary between normal aging and mild cognitive impairment [1, 2], and is associated with higher risks of
subsequent cognitive decline and dementia [3, 4], as well as poor quality of life [5]. Cross-sectional and longitudinal evidence
shows individuals with SMC have increased likelihood to manifest Alzheimer’s Disease biomarkers such as brain amyloid
deposition [6, 7], glucose hypometabolism [7], and hippocampal volume loss [8]. SMC is considered as a “promising” stage for
non-pharmacologic interventions aimed at delaying cognitive decline and preventing cognitive impairment [9].

Cognitive training is one of the most commonly used non-pharmacologic interventions. Some studies have shown older adults
with SMC bene�t from cognitive training [10–12], while others failed to �nd signi�cant cognitive improvement training [13, 14].
A meta-analytic study [15] revealed that cognitive training could improve cognitive function in older adults with SMC, resulting
in a small to moderate effect size (Hedge’s g = 0.38). Several studies have reported structural plasticity in response to cognitive
training in individuals with SMC [16, 17]. Engvig et al. (2014) found that after training, SMC participants showed an increase in
gray matter volume in the brain area surrounding the episodic memory network, with the cortical volume expansion comparable
to that of healthy controls [16]. In addition, individual differences in left hippocampal volume change in the SMC group were
related to verbal recall improvement following training[17]. These results suggest that training-related brain changes can be
evident in older adults with SMC, the earliest stage of cognitive impairment.

Individuals with SMC commonly demonstrate symptoms of depression and anxiety [18, 19]. Depression and anxiety are found
detrimental to memory performance [20–22], and can lead to greater cognitive decline [23, 24], and an increased risk of
progression to dementia [25, 26]. Animal studies demonstrate that exposure to psychological distress may harm older adults’
memory by causing neurological deterioration to the limbic system including hippocampus [27]. As the close relationship
between depression/anxiety and memory functioning, alleviating depressive and anxious symptoms may need to be
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incorporated into memory training program to optimize the training e�cacy [28]. There may be greater memory improvement if
treatment for depression and anxiety is added to memory training in older adults with memory complaints.

To our knowledge, no experimental study has directly examined whether memory training combined with psychological
interventions for depression and anxiety would outperform traditional memory training. A few training studies [29, 30]
integrated stress management techniques into memory training in healthy older adults and found these comprehensive
memory training programs reduced symptoms of anxiety and improved cognitive performance compared to placebo or waitlist
groups. However, comparison with passive control groups cannot isolate the effect of stress management from pure memory
training.

The aim of this study was to determine whether interventions for depression and anxiety would facilitate training gains on
memory performance in older adults with SMC. We developed a comprehensive memory training program by combining
psychological interventions with memory training. We evaluated the e�cacy of combined interventions by comparing it with
memory training and psychological intervention alone. We also used the resting-state functional magnetic resonance imaging
(fMRI) to explore the neural mechanism of the boost effect of counseling-induced positive emotion on memory training gains.
We expect that (1) the combined interventions would induce larger memory improvements than memory training or
psychological intervention alone, and (2) the boost effect of improved emotion on memory training gains would be associated
with the functional connectivity (FC) between hippocampus and amygdala.

Materials And Methods

Research Design
This study was an active controlled, randomized trial conducted between November 2013 and July 2014. It was registered in
the Chinese Clinical Trial Registry (www.chictr.org.cn, identi�er ChiCTR-IOR-15006165). The protocol was approved by the
Ethics Committee of the Institute of Psychology, Chinese Academy of Sciences (CAS). All participants provided written informed
consent according to institutional guidelines. The study was reported according to the Consolidated Standards of Reporting
Trials [31] (CONSORT) and the extension for social and psychological interventions [32] (CONSORT-SPI; see Supplementary
Materials for the CONSORT-SPI 2018 checklist).

Participants
Community-dwelling older adults were recruited from neighborhoods near the Institute of Psychology, CAS through
advertisements and �yers posted in the community service stations. The inclusion criteria were: (1) age ≥ 60 years; (2)
education ≥ 6 years; (3) a score ≥ 21 on the Montreal Cognitive Assessment - Beijing Version[33] (MoCA-BJ); (4) with SMC; (5)
right-handed; (6) free of neurological de�cits or traumatic brain injury; (7) a score ≤ 15 on the Activities of Daily Living scale[34];
(8) no severe visual or auditory impairment which would hinder intervention.

The following criteria[2] were used for screening SMC: (1) subjectively reported a decline in memory, rather than other domains
of cognitive function; (2) onset of SMC within the last 5 years; (3) worries associated with memory decline; (4) feeling of worse
memory performance than others of the same age group; (5) performance on the objective memory scale was within the
normal range or within 1 standard deviation below the normal value. Subjective memory complaints were assessed by the
Memory Inventory for the Chinese [35].

Power analysis was calculated using G*Power 3.1 [36] based on the e�cacy of memory training on associative learning. A
minimum sample size of N = 93 is necessary to detect a small to moderate effect on the within-between interaction using the
repeated measures two-way analyses of variance (ANOVA) (alpha = 0.05, power = 0.80, f = 0.15, number of groups = 3). Two
hundred and nineteen participants were contacted and assessed for eligibility. One hundred and twenty-four eligible
participants consented to participate in the intervention. After baseline evaluation, they were randomly allocated to three
groups: memory training (MT) group (n = 38), group counseling (GC) group (n = 44), and GC + MT group (n = 42). A researcher
who did not involve in study design, participant enrollment, intervention implementation, and assessment used SPSS 21.0 (IBM

http://www.chictr.org.cn/
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Corporation, Somers, NY) to generate the random allocation sequence and assigned participants to three groups. Figure 1
shows the �ow of the participants. Nine participants in each group discontinued intervention because of illness, time con�ict, or
traveling. The attrition rate was comparable among three groups. In total, 97 participants who completed intervention were
analyzed.

Procedure
Three groups of participants attended seven weeks of intervention, respectively. During the �rst three weeks, the GC and GC + 
MT groups attended weekly group counseling while participants in the MT group completed reading assignments at home as
control activities. From Week 4 to Week 7, the MT and GC + MT groups received memory training, and the GC group attended
lectures as control activities. Group counseling, memory training and lectures were group-based, delivered at the Institute of
Psychology CAS. Table 1 demonstrated details of the intervention program. Intervention and control activities were matched in
frequency, duration, and format for group counseling and memory training. Participants had a break of about four weeks for
Chinese New Year between Week 3 and Week 4. Cognitive assessments were administrated at baseline, mid- (before Week 4),
and post-intervention. The GC + MT group and GC groups had resting-state fMRI scanning at mid- and post-intervention. The
pre- and post-scanning procedures were administered within a week after the completion of cognitive assessments.
Participants were blind to study design and hypotheses. Counseling psychologists and training instructors were blind to study
design and hypotheses, and all assessors were blind to group allocation and study design. Participants who completed
intervention received a cash incentive of 300 RMB after post-intervention assessment, and those who attended fMRI scanning
received extra 200 RMB.

Table 1
Intervention details for each group

Intervention Frequency and
Duration

Description

Week 1–3    

Group
Counseling

About 6 hours
for group
activities and
homework.
Group activities:
3 weekly
sessions, 90
minutes/session

The GC and GC + MT groups attended group counseling. Group counseling was led by
two licensed counseling psychologist and administrated in small groups (6–10 people).
Activities were designed to provide information on aging process and cognitive aging,
strategies of coping with stress and depression in late life, knowledge on lifestyle and
brain health. Participants were encouraged to share personal experiences and make
interpersonal communications. Homework were assigned after each session.

Reading
(Control
Activity)

Estimated 6
hours.

The MT group received reading assignments. Participants were instructed to complete
reading independently at home and to record their reading progress on a log sheet. The
reading materials were articles on healthy/positive aging, and strategies for coping with
late-life stress and depression.

Week 4–7    

Memory
Training

Group-based, 12
sessions in total;
3
sessions/week,
90
minutes/session

The MT and GC + MT groups attended memory training. Each session included 60-
minute mnemonic training and 30-minute brain game playing. Mnemonic training was
designed to promote elaborate encoding and retrieval in older adults by teaching them a
series of mnemonics, including generation of mental images, item association
(interactive imagery and sentence generation), and the method of loci. Participants were
assigned homework to continue practicing mnemonics at home. Brain games were
designed to train three components of executive function (inhibition, switching, and
updating) through three tablet video games (Li et al., 2014). Training was guided by
trained instructors according to a detailed manual.

Lectures

(Control
Activity)

Group-based, 12
sessions in total;
3
sessions/week,
90
minutes/session

Each session included 60-minute lecture and 30-minute casual video game playing.
Lectures were about health knowledge for older adults, given by trained instructors
according to a syllabus. Casual video games were commercial tile-matching games on
tablets. Lectures was given by trained instructors according to a detailed manual.

Notes: GC, group counseling; MT, memory training.
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Neurocognitive Measures
A battery of tests was used to evaluate training effects on cognitive function. (1) The MoCA-BJ was used to measure global
cognition. (2) Episodic memory was assessed using the Associative Learning Test [37] (ALT) and Auditory Verbal Learning Test
(AVLT) WHO/UCLA version [38]. A list of 12 pairs of nouns was presented aurally to participants. Half of the word pairs were
semantically associated (e.g., sun-moon; ALT-easy condition), and the other six were unrelated pairs (e.g., teacher-railway; ALT-
di�cult condition). Immediately After listening to the list, the �rst noun in each word pair was given as a cue, and participants
were asked to recall the second noun. Participants scored 0.5 points for each correct answer in the easy condition (ALTeasy)
and 1 point for each correct answer in the di�cult condition (ALTdiff). A composite ALT score that ranged from 0 to 9 was
calculated. (3) Working memory ability was measured by the Digit Span Forward (DSF) and Digit Span Backward (DSB) tasks
[39].

A battery of questionnaires was used to evaluate the effects of group counseling on emotion. (1) The Self-rating Anxiety Scale
[40] (SAS) was used to assess the state of anxiety. (2) Depressive symptoms were assessed using the Center of
Epidemiological Survey-Depression [41] (CESD) scale. (3) Subjective well-being was measured by the Satisfaction with Life
Scale [42] (SWLS). (4) Attitudes towards aging (ATA) was assessed by the Attitude Toward Own Aging Sub-Scale from the
Philadelphia Geriatric Center Morale Scale [43].

Statistical Analysis of Neuropsychological Data
Baseline characteristics of the three groups (MT vs. GC + MT vs. GC) were analyzed using Pearson’s r, chi-square, t, or Mann-
Whitney (nonparametric) tests. Repeated measures two-way ANOVA were conducted to examine intervention effects of
counseling and memory training, with Group (MT vs. GC + MT vs. GC) as the between-subject factor and Intervention (pre- vs.
mid- vs. post-intervention, within-subjects) as the within-subject factor. All statistical analyses were conducted using SPSS 21.0.

Image Data Acquisition and Processing
A 3-Tesla Siemens Trio scanner (Erlangen, Germany) equipped with echo planar imaging (EPI) at the Beijing MRI Center for
Brain Research was used for image acquisition. For each participant, 200 functional images were obtained using the following
parameters: time repetition (TR) = 2000 ms, time echo (TE) = 30 ms, �ip angle = 90°, �eld of view (FOV) = 200 × 200 mm2, 33
axial slices, thickness = 3.0 mm, gap = 0.6 mm, acquisition matrix = 64 × 64, and in-plane resolution = 3.125 × 3.125. Resting-
state fMRI data analyses were processed using the Statistical Parametric Mapping (SPM12, http://www.�l.ion.ucl.ac.uk/spm)
and Data Processing Assistant for Resting-State fMRI (DPARSF) V2.0 (http://www.restfmri.net), aimed to explore the neural
mechanism for the boost effect of positive mood on memory training gains. The details of image data processing have been
described in the supplemental materials.

Results
Table 2 shows the demographic and clinical characteristics of the participants. Three groups did not differ signi�cantly in
gender, age, years of education, cognitive function, or emotional indicators. The adherence rate of three groups were 81.35%. No
adverse events were reported by participants.
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Table 2
Demographics and neuropsychological characteristics of the participants at baseline

Characteristics   MT GC + MT GC p

Age, years   71.41 ± 6.56 74.33 ± 4.40 72.29 ± 6.57 .138

Female/Male   21/8 18/15 18/17 .202

Education, years   14.34 ± 2.98 15.39 ± 2.52 14.17 ± 2.82 .158

Emotional indicators Anxiety 30.59 ± 5.82 28.94 ± 5.08 29.24 ± 7.62 .524

Depression 6.21 ± 5.56 5.58 ± 4.98 6.56 ± 6.96 .790

Subjective well-being 26.86 ± 4.14 25.88 ± 4.58 26.00 ± 5.83 .701

Attitudes towards aging 17.28 ± 3.23 17.24 ± 3.69 16.56 ± 4.32 .690

Cognitive functions MoCA 25.83 ± 2.22 26.03 ± 2.04 26.14 ± 2.60 .795

Memory complaints 3.41 ± 1.12 3.21 ± 0.96 3.14 ± 1.09 .290

Digit span forward 7.21 ± 1.05 7.36 ± 1.45 7.26 ± 1.25 .882

Digit span backward 4.83 ± 1.44 4.61 ± .90 4.83 ± 1.40 .717

AVLT immediate recall 6.45 ± 2.06 6.15 ± 2.68 5.77 ± 1.90 .482

AVLT delayed recall 11.83 ± 3.31 12.12 ± 3.41 12.06 ± 2.17 .922

ALT 10.31 ± 3.76 11.05 ± 4.16 9.21 ± 3.90 .162

ALTdiff 4.17 ± 2.93 4.70 ± 3.15 3.34 ± 2.93 .178

ALTeasy 6.14 ± 1.59 6.35 ± 1.54 5.90 ± 1.43 .478

Notes: MT - Memory Training, GC - Group Counseling, MoCA - the Montreal Cognitive Assessment, ALT – Associative
Learning Test, ALTdiff - ALT di�cult condition, ALTeasy – ALT easy condition.

Behavioral data on the effects of memory training and the boost effect of counseling-induced positive emotion

Effects of group counseling on emotions

ANOVA revealed signi�cant Group × Intervention interactions in anxiety, depression, and subjective well-being, and a marginally
signi�cant interaction in ATA (Fig. 2, Table 3). Further analysis revealed that after group counseling (mid- minus pre-
intervention), for the MT group, there was no signi�cant difference in anxiety and ATA, a decrease in well-being, and an upward
trend in depression, while for the GC and GC + MT groups, there was a downward trend in anxiety, no signi�cant difference in
well-being and depression, and an increase in the ATA. Results suggested that, compared with the MT group, group counseling
reduced negative emotions and maintained subjective well-being.
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Table 3
Emotional indicators and cognitive performance in SMC prior to and after intervention

  MT GC + MT GC F p Partial
η2

Pre- Mid- Post- Pre- Mid- Post- Pre- Mid- Post-

Anxiety 30.59 
± 5.82

31.59 
± 7.26

30.17 
± 6.42

28.94 
± 5.08

27.03 
± 5.04

24.63 
± 3.41

29.24 
± 7.62

26.36 
± 4.34

25.39 
± 4.57

2.82 0.027 0.058

Depression 6.21 
± 5.56

9.03 
± 5.56

7.69 
± 6.39

5.58 
± 4.98

5.55 
± 4.98

5.58 
± 5.97

6.56 
± 6.96

5.29 
± 6.96

4.15 
± 5.05

2.51 0.043 0.051

Subjective
well-being

26.86 
± 4.14

25.24 
± 4.14

26.62 
± 5.16

25.88 
± 4.58

26.46 
± 4.58

28.85 
± 3.01

26.00 
± 5.83

27.53 
± 5.83

27.35 
± 5.15

3.42 0.010 0.069

Attitudes
towards
aging

17.28 
± 3.23

17.35 
± 3.23

17.59 
± 3.90

17.24 
± 3.69

18.94 
± 3.69

18.52 
± 3.42

16.56 
± 4.32

18.50 
± 4.32

19.29 
± 2.88

2.29 0.061 0.047

MoCA 25.83 
± 2.22

26.00 
± 1.88

26.41 
± 1.90

26.03 
± 2.04

26.27 
± 2.13

27.00 
± 1.77

26.14 
± 2.60

26.83 
± 1.97

26.86 
± 2.26

0.73 0.545 0.015

Memory

complaints

3.41 
± 1.12

3.10 
± 1.11

2.69 
± 1.49

3.21 
± 0.96

3.24 
± 0.97

2.79 
± 1.36

3.14 
± 1.09

3.06 
± 1.03

2.57 
± 1.40

0.49 0.740 0.010

Digit span
forward

7.21 
± 1.05

6.93 
± 1.41

7.45 
± 1.59

7.36 
± 1.45

7.27 
± 1.23

8.03 
± 1.24

7.26 
± 1.25

7.43 
± 0.98

7.49 
± 1.12

1.73 0.145 0.035

Digit span
backward

4.83 
± 1.44

4.76 
± 1.27

5.52 
± 1.33

4.61 
± .90

4.76 
± 1.39

5.21 
± 1.39

4.83 
± 1.40

4.80 
± 1.64

4.94 
± 1.37

1.18 0.320 0.025

AVLT
immediate
recall

6.45 
± 2.06

6.62 
± 2.37

8.38 
± 2.29

6.15 
± 2.68

6.88 
± 2.41

8.03 
± 3.18

5.77 
± 1.90

6.91 
± 1.50

7.00 
± 1.33

2.14 0.077 0.044

AVLT
delayed
recall

11.83 
± 3.31

12.07 
± 1.69

13.24 
± 1.79

12.12 
± 3.41

12.12 
± 2.03

13.21 
± 1.47

12.06 
± 2.17

12.40 
± 2.67

12.89 
± 2.73

0.42 0.798 0.009

ALT 10.31 
± 3.76

12.69 
± 3.76

15.98 
± 3.51

11.05 
± 4.16

13.32 
± 4.16

17.18 
± 4.15

9.21 
± 3.90

12.29 
± 3.90

13.47 
± 4.47

3.16 0.015 0.063

ALTdiff 4.17 
± 2.93

6.17 
± 3.92

8.35 
± 2.86

4.70 
± 3.15

6.15 
± 2.67

9.70 
± 3.38

3.34 
± 2.93

5.69 
± 3.74

6.06 
± 3.99

6.10 0.003 0.115

ALTeasy 6.14 
± 1.59

6.79 
± 1.64

7.64 
± 1.16

6.35 
± 1.54

6.92 
± 1.03

7.52 
± 1.22

5.90 
± 1.43

6.60 
± 1.45

7.41 
± 1.08

0.36 0.834 0.008

Notes: MT - Memory Training, GC - Group Counseling, MoCA - the Montreal Cognitive Assessment, ALT – Associative
Learning Test, ALTdiff - ALT di�cult condition, ALVT – Auditory Verbal Learning Test.

Effects of memory training and the boost effects of group counseling

Regarding cognitive outcomes, ANOVA revealed signi�cant Group × Intervention interactions in associative learning (Fig. 2,
Table 3). Further analysis showed that, after memory training (post- minus mid-intervention), the GC group showed no
signi�cant improvement in ALT (p = 0.08, Cohen’s d = 0.26) and ALTdiff (p > 0.05, Cohen’s d = 0.09), while the MT group
signi�cantly increased performance in ALT (p = 0.001, Cohen’s d = 0.62) and ALTdiff (p < 0.001, Cohen’s d = 0.68), as well as the
GC + MT group (p < 0.001, Cohen’s d = 0.96 for ALT ; p < 0.001, Cohen’s d = 1.08 for ALTdiff). Comparing to the CG group, two
memory training groups showed enhanced memory performance. Compared with the MT group, the MT + GC group
demonstrated greater memory improvements.

We further conducted a correlation analysis to validate the relationship between group counseling-related changes (mid- minus
pre-intervention) and memory training-related changes (post- minus mid-intervention). Correlation analysis revealed a positive
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correlation between the change scores in ATA and Digit Span Forward only in the GC + MT group (r = 0.346, p = 0.049) but not in
the MT (r = 0.146, p = 0.449) or the GC groups (r = 0.174, p = 0.325).

Emotional improvements, memory training gains and amygdala-hippocampus connectivity

In brief, emotional improvements in anxiety and ATA were positively correlated with FC between the right amygdala and left
hippocampus, and negatively correlated with FC between the right amygdala and right hippocampus.

The ROI-based analyses were performed to examine the correlation of amygdala-hippocampus connectivity with memory
training gains. Results showed that FC between left hippocampus and amygdala positively correlated with improvements in
Digit Span Forward when individual differences in emotional changes were controlled. The voxel-wised analysis validated the
boost effect of amygdala-hippocampus connectivity on cognitive improvements. In addition, it also showed a negative
relationship between ALT improvements and FC in right hippocampus and amygdala. However, this correlation was not
signi�cant when the individual differences in emotional changes were controlled. Detailed results are presented in
Supplemental Materials (Results S1-S3).

 

These results suggested that counseling-induced emotional improvements manifested as changes in the amygdala-
hippocampus pathway, in the meanwhile, changes in this pathway in�uenced memory training gains in older adults. It is
noteworthy that functional separation was demonstrated in the FC between amygdala with left hippocampus and that with
right hippocampus.

Discussion
This study examined whether memory training combined with group counseling aimed at alleviating depression and anxiety
would produce greater training gains in older adults with memory complaints. The active-controlled randomized trial compared
the combined intervention (GC+MT) group with memory training and group counseling groups. Results show that 3 sessions of
group counseling decreased symptoms of depression and anxiety, maintained well-being, and promoted attitudes towards
aging. Memory training enhanced performance on associative learning, in consistence with previous training [15,44–46] studies
which reported individuals with SMC could bene�t from cognitive training. More importantly, the GC+MT group demonstrated a
larger improvement in memory (Cohen’s d = 0.96) than memory training group (Cohen’s d=0.62), suggesting improved
emotional states derived from group counseling boosted the effect of subsequent memory training. The present study expands
previous multicomponent memory interventions by providing direct evidence supporting the synergistic effects of psychological
intervention and memory training on cognitive outcomes. Our �nding highlights the importance of treatment for negative
emotional states correlated with subjective memory decline and the signi�cance of promoting positive self-perception of aging.
Integrating psychological intervention into traditional memory training may be promising to augment effectiveness on cognitive
performance for older adults with SMC.

The present study also demonstrated that the boost effect of positive emotion on training bene�ts was related to the amygdala-
hippocampus connectivity. The amygdala and hippocampus are the two fatal brain regions related to human emotion and
cognition. Several imaging studies [17,47] found cognitive training was associated with hippocampal relevant regions. A study
[46] using multidomain MRI scans found that resting-state connectivity between the right hippocampus and the superior
temporal gyrus signi�cantly differed between the pre- and post-test. Although episodic memory critically depends on the
hippocampal complex, the amygdala is important for modulating the neural circuitry of episodic memory. Previous researchers
[48,49] suggested that emotion through the amygdala’s in�uence can alter three components of episodic memory: encoding,
consolidation, and the subjective sense of remembering. Recent studies [50] also found that the emotional signi�cance of the
experience in�uenced the cognitive process, and emotionally arousing events were typically better remembered than neutral
events. Through the amygdala-hippocampus circuit, negative emotions probably have an impact on cognitive process such as
attention and perception [51], and alleviated depression and anxiety can facilitate a greater magnitude of cognitive training
gains.
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The present study con�rmed the boost effect of improved mood on memory training from both behavioral and the cognitive
neural perspectives. There are several strengths in the present study. First, by combining psychological intervention with
cognitive training, we made the pilot experimental work to investigate whether improved emotional states would amplify
e�cacy of cognitive training, which helps to have a better understanding of the relationship between memory and emotion in
individuals with SMC. Second, we used an active-controlled design, the intervention and control activities were matched in
frequency, duration and format for both group counseling and memory training. It enabled us to control several potential
confounding factors such as expectation effect, social interaction during group training and general cognitive stimulation of
using tablets. Finally, we combined the behavioral and cognitive neural analyses to con�rm the boost effect, which
strengthened the reliability of the �nding.

Some limitations also should be mentioned in the present study. The MT groups did not receive fMRI scanning which hindered
to systematically compare intervention-induced functional changes among three groups. Further, as not all participants meet
the requirements of MRI scanning, the sample of behavioral data and MRI data were not strictly matched, which might obstruct
the interpretation of the results. Second, the duration of group counseling and memory training was relatively short, so it might
limit emotional and cognitive bene�ts derived from the intervention. Third, no follow-up data was collected so we cannot
evaluate whether the superior intervention effect in the combined group would be maintained. Fourth, 27 out of 124 participants
at baseline withdrew during intervention. Although the attrition rate was comparable across three groups, decreased sample
size reduced the power to detect small effect sizes on emotional and cognitive outcomes.

Conclusions And Implications
In conclusion, the present study show that memory training combined with group counseling for memory complaints-related
depression and anxiety can induce larger memory gains than memory training or group counseling alone in older adults with
SMC. It may be important to integrate treatment for depression and anxiety into cognitive training for older adults with memory
complaints to achieve better intervention effect.

Abbreviations
SMC, subjective memory complaints; MT, memory training; GC, group counseling; ALT, Associative Learning Test; ATA, attitudes
towards aging; FC, functional connectivity.
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Figure 1

The �owchart of the trial. SMC: subjective memory complaints. MT: Memory Training. GC: Group Counseling.
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Figure 2

The effects of group counselling and cognitive training on emotional indicators and cognitive performance. Bar plots show the
mean scores on anxiety (SAS), depression (CESD), subjective well-being (SWLS), attitudes towards aging (ATA), memory
complaints (MC), digit span forward (DSF), associative learning (ALT) and associative learning di�cult condition (ALTdiff) prior
to and after intervention for the Memory Training (MT), Group Counseling (GC), and GC+MT groups.
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Figure 3

The boost effect of amygdala-hippocampus functional connectivity on cognitive improvements. Results showed signi�cant
correlation of : (A) ALTdiff changes with connectivity between right amygdala (peak MNI coordinate: 24, 0, -24) and right
hippocampus (8 voxels; peak MNI coordinate: 18, -33, -6); (B) Digit Span Forward changes with connectivity between left
hippocampus (peak MNI coordinate: -24, -15, -18) and left amygdala (7 voxels; peak MNI coordinate: -24, -6, -12); (C) ALT
changes with connectivity between right hippocampus (peak MNI coordinate: 24, -30, -9) and right amygdala (5 voxels; peak
MNI coordinate: 27, -6, -15) in the GC+MT group.
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