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Abstract

The short and long term effectiveness of integrate cognitive training for the healthy elderly
in Chinese community was evaluated. Methods: Resides aged270 years were enrolled from
a subdistrict in Shanghai and 151 healthy residentsvho met the inclusion criteria were
recruited into the present study whom were dividednto cognitive intervention group (n=90)
and control group (n=61). All individuals were assgsed with the Neuropsychological Test
Battery for Elderly (NTBE), stroop color-word test and a questionnaire “Shanghai Health
Survey for the Elderly (VER2006)" at baseline, andmmediately, half a year, one year after
intervention. The interventions (include reasoning,memory, etc) were conducted for 24
sessions over 12 weeks. 1) Baseline: There were ws@nificant differences in the
neuropsychological scores between intervention grpuand control group except for the scores
in two subscales. 2) Follow up: Functions in manyubscales of NTBE and Stroop color-word
test were significantly improved and those in thentervention group were higher than in
control group immediately and one year after internention. The integrative cognitive training
can improve and /or delay the degeneration of cogtiwe function of the elderly in the
community, and the effectiveness of cognitive traing may last for at least one year, especially
in the reasoning ability.
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Introduction this team analyzed further MCI (mild cognitive
impairment) in this sample, it was found that aifpees

The population of old people is rising in the 2dshtury.  €ffect was shown in both training for reasoning apeled
In Shanghai, there are 14.12 million people in 2Gi@  of processing groups, while no significant changes w
people aged 60 years account for 23.4% of the totalobserved in training for memory group. Shinya et al
population [1].. Although the cognition has a deiclg conducted training for reading and arithmetic ire th
tendency over age and some people may deve|op@@mmunity elderly, and the results confirmed thag t
Alzheimer's disease at last, how to delay this gse@nd daily brain training can improve the cognitive ftioo of
raise the quality of life are still an importansig in the the elderly, not only improving the training-reldte
public health [2-4]. In recent years, the cognitiraning  Specific domain of cognitive function, but also yfe a
has attracted increasing interest as a solutiosutt an  positive role in the improvement of other cognitive
age-related cognition decline in a lot of countf@$)]. domains [14]. Some subsequent studies also cordirme
these findings [15-22].
The Advanced Cognitive Training for Independent and
Vital Elderly (ACTIVE) [5-13] study is the first In most of the studies, a single training methodised
multicenter, randomized, controlled trial to examithe which may benefit the elaboration of mechanismhef t
long-term outcomes of cognitive function of olderimprovement. However, it cant avoid some
individuals receiving cognitive interventions. Rksu disadvantages that the interest and attending cétibe
revealed each of 3 cognitive interventions (trainfor  elderly are reduced and the improvement in founa in
reasoning, memory, speed of processing) could imgpro few cognition areas. In the present study, thegnatieve
the cognitive ability it targeted and these impmeats cognitive training was conducted in the healthy
were maintained through the 5 years of follow-ufteA community elderly, and the global improvement oé th
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cognition was observed in order to confirm whetthes  pattern in the pictures and identifying the neetritin the
method is feasible and effective to solve the dd@althy  series), speed of processing (finding a road orap im

problem in Chinese elderly. limited time), painting, calligraphy practice, havatk,
etc. The interventions were conducted in small grou
Subjects and Methods settings over 12 weeks. Interventions were cawigdby
2 graduate students of the department of psychiaine
Participants weekly for a total of 24 sessions and each lasbedb®

The cluster random sampling and screening waglin. Subjects in the intervention group also corgulehe
employed in the community elderly of a street ofself-training exercises on their leisure time, suzh
Shanghai by the unit of the community under thgeading, painting, writing, etc. Individuals in tieentrol
jurisdiction of the most basic neighborhood comeeiton  group had no training and no contact with thosehig
April 2006 and a total of 347 elderly people wereintervention group.

screened. This study has obtained the consent eof th

Ethics Committee of Tongji Hospital of Tongji Unigty.  Measures

All participants signed an informed consent form. Assessments were conducted at baseline, immediately
_ o half a year and 1 year after intervention by 4 sswes
Inclusion criteria who were blinded to the study design. Cognitive

1) Over 70 years. 2) No body disability and seriousputcomes were measured by using the
physical diseases, with the ability of living orethown.  Neuropsychological Test Battery for Elderly (NTBE),

3) No mental disorder. 4) Non-illiterate (includitigracy  Stroop color-word test and a questionnaire “Shangha
classes), no serious decline in vision and heddng to  Health Survey for the Elderly”.
listening, speaking, reading and writing involvedthe

intervention). NTBE [24-25]
. The World Health Organization-Battery of Cognitive
Grouping Assessment Instrument for Elderly of Chinese edlitias

151 community elderly met the inclusion criteria, yseq and included 59 items in 9 domains: (1) angdito
including 83 males and 68 females (age: 74.8+3.(qrp learning; (2) sorting test; (3) cancellati@stt (4)

(70~ 89) years).They were given the intervention andanguage test; (5) Moter test; (6) visuognosis
non-intervention informed consent conversation at &est(7)reasoning test; (8) visual-space test;(8jcdals.
sequencing interval (50 elderly people as a umit) &ere
divided into the intervention group (n=90) and tlemtrol ~ Stroop color-word test
group (n=61). In the intervention group (53 men &7d The Stroop Color-Word Test is considered to beregs
women), the mean years of education were 9.4+%8sye measure of cognitive flexibility and executive
and the mean age was 74.7+3.7 years. In the contriinctioning. Subjects were first asked to read nhenes
group (30 men, 31 women), the mean years of educati Of colors (subtask 1) and subsequently to namedter
were 9.2+4.0 years and the mean age was 75.0+ar8.ye blocks (subtask 2).Then, participants were askethtoe
There were no marked differences in the mean yefars the words which were printed with color ink, rattlean
education and mean age between two groupd0 read the color (subtask 3). Finally, particigantere
Examination was performed at immediately, half arye asked to name the color of the ink in which the dsor
and one year after intervention when there were7g3, were printed, rather than to read the words (skb&s
and 73 subjects, respectively in the interventiaug and  [26].
51, 47 and 45 subjects, respectively in the comgrolip.

Shanghai Health Survey for the Elderly
Sample Size It includes sociodemographic measures and a battery
According to the formula n=o(A)2x(Zo/2+ZB)2, we standardized instruments, including the MMSE
adopted the valuesa£0.05 (type | error),Zo/2=1.96; (CMMSE) of Chinese edition, the activities of ddilying
B=0.1 (type Il error),ZB=1.65;c represents the standard (ADL), the Short-Form 36-item health survey (SF;36)
deviation,A represents the actual difference) and 30% ofhe personality indicators, and the Self-efficacals
expulsion rate from the previous studies by theassh (SES)[27].
group [23], in a ratio of 3:2 for the interventigroup and
the control group, finally it was obtained that #®mple Data entry and statistical analysis
size of both groups were 90 and 60 cases, respBctiv For the original data, the scientific coding wasdacted

by the statistical principle combined with the msdion,
Interventions Epidata 3.0 was adopted to establish a database and
The interventions included memory training (memfmy  SPSS13.0 was used for checking, meanwhile, the
words, stories, faces, etc.), reasoning trainimgl{ig the  descriptive statistical analysis and the chi-squesé was
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used for the statistical analysis of the demographia, t
test was employed for the self-contrast of therirgietion
group and the control group before and after thdJnivariate general liner model was employed to carap
interventions and the analysis of covariance waptd
for the test between the intervention group andctrerol
group. Intension-to-treat analysis (ITT) method waed

for the efficacy evaluation, and all the elderly ovh

participated in more than one courses and canllosvi
up were included into the statistical analysis.

Results
NTBE

Baseline: Independent-samples t test was perfortoed
compare the scores between two groups. There vwere

significant differences in the scores of neuropsiatical
tests between intervention group and control gexgept
for the scores of two subscales of auditory vedurimg

(P<0.05).

Follow up: Paired-samples t test was used to coentber

scores before and after interventions. Results sHow

functions in 12 subscales were significantly imgaand
those in 3 subscales markedly declined in thevetgion

group (E0.05~0.01).In the control group, functions in 8

subscales were significantly improved and those2in
subscales  declined dramatically <(P05~0.01).

the scores between groups after controlling thelbes
cognitive function. Results showed functions in 4
subscales in the intervention group were bettar thahe
control group after cognitive training €£B.05~0.01)
(Table 1). At half a year after cognitive traininthe
functions in 20 subscales were significantly imgaand

in 1 subscale declined in the intervention group
(P<0.05~0.01). In the control group, functions in 14
subscales were markedly improved and in 1 subscale

declined (R0.05~0.01). Analysis showed functions in 2

subscales in the intervention group were bettar thahe
Bontrol group (R0.05~0.01) (Table 3). At 1 year after
cognitive training, the functions in 19 subscalesrav
significantly improved and in 4 subscales declinethe
intervention group (#0.05~0.01). In the control group,
functions in the 11 subscales were remarkably inguto
and in 3 subscale declined <05~0.01). Analysis
revealed functions in 3 subscales in the intereangroup
were better than in the control group<(R05~0.01)
(Table 3).

Table 1.Scores of NTBE at baseline and after intervent(d_ﬁsts). *P<0.05, *P=<0.01

Control group

Intervention group (n=83) (n=51) P
content 2) after 4) after

1)baseline intervention 3) baseline intervention 1)vs2) 3)vs4d) 2)s4)
Right recall number in auditory , -z, ) og 5.80+2.01 5.00+1.95 6.39+2.08 0.00**0.00*  0.10
verb learning 1
Right recall number in auditory - 7, o 8.45+2.46 7.2542.15 8.55+2.49 0.00** 0.00*  0.89
verb learning 2
Right recall number in auditory g oo, 34 0.78+2.49 8.63+2.42 9.86+2.55 0.00** 0.00*  0.79
verb learning 3
Unrelated insert numberin ) ), 1 59 0.43+0.90 0.33+0.68 0.18+0.43 0.02* .190 0.08
auditory verb learning 3
Right recall number in auditory g 55, 4, 10.5542.45  9.2242.47 10.47+2.69  0:00* 0.00%  0.99
verb learning 4
Right recall numberinauditory , o 17,5 69 179341042  9.98+2.53 10.69+2.65 ©.00 0.04* 024
verb learning 5
Unrelated insert | numberin g, ) o4 0.51+0.80 0.14+0.35 0.29+0.54 0.02* .060 0.23
auditory verb learning 5
Sorting test 9.35+0.93 9.66+0.67 9.53+0.95 9.51+0.88 0.00** 0.92 0.19
Error number of cancellation ) oo 4 o5 0.04+0.24 0.33+1.56 0.24+0.84 025 700.  0.05*
test of red circle
Finished time in cancellation /3 11,943/ 46.60415.94  40.69+16.49  41.78+9.960.04*  0.62 0.09
test of blue circle
Name recall test 5.71+1.14 5.90+0.84 5.90+1.12 5.53+1.22 0.19 030.  0.01*
Mini-token test 2.41+0.99 2.67+0.93 2.29+1.04 2.43+0.94 0.02* .300 0.19
Moter test 23.80+4.77  25.87+2.21  24.35+#3.01  25.08+4.46 00.0 0.26 0.13
Semantic link test 3.25+0.97 3.28+0.87 2.67+1.13 3.06+0.93 083 050. 0.63
Reasoning test 5.00+2.03 5.99+1.93 4.73+1.63 4.96+2.01 0.00** 0.36 0.00%
Right recall of delayed recall 6 8.60+3.29 10.0743.10  8.20+3.32 9.55+3.95 0.00*0.01**  0.59
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Right recall of delayed recall 8 7.58+3.54 9.04+3.78 7.61+£3.42 9.20£3.77 0.00** 0.00** 0.78

E'(E;Shed time in color trials 1 o6 1546133 111.80446.83 121.14+58.39 112.35454.93 0.00%  0.07 0.54

Error number in color trials 1 0.63+1.19 0.42+1.03 0.47+0.88 0.98+1.83 0.18 059. 0.01**

6.14
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Baseline |Immediatelr Half a year One year

Figure 1.Training Effects on reasoning test scoreéR<0.01 vs baselineA P<0.01 vs control groug, P<0.05 vs
immediately

Table 2.Scores of stroop color-word test at baseline afteranterventions p? 1s). *P<0.05, *P<0.01

Intervention group(n=83) Control group(n=51) P
content

1)baseline _2)after . 3)baseline _4)after . 1vs2) 3vsd) 2)V4)

intervention intervention

Time in subtask 1 32.87+10.49 30.51+7.27 32.6527.6 31.0246.74 0.01** 0.08 0.50
Correct number in ,o 591916 49.88+0.33 49.41+1.19 49.75+0.66 0.030.02*  0.18
subtask 1
Error number in /.55 0.08+0.28 0.49+1.16 0.24+0.65 0.01** 08  0.11
subtask 1
Immediately correct  jo.h 85 (22405 0.49+0.86 0.41%0.70 0.02* 00.6 0.07
number in subtask 1
Immediately correct ; ,,.1 33 (8140.08 1.33+1.45 1.10+1.20 001* 160  0.14
number in subtask 2
Time in subtask 3 52.78+19.47 53.28+20.33  49.8MP0 54.57+17.46  0.79 0.01**  0.19
Missing number in 17,4 30 0.0120.11 0.06+0.42 0.14+0.53 0.10 20.4 0.04*
subtask 4
Repeated number in, 5,4 14 0.06+0.36 0.12+0.52 0.37+1.06 0.03* 140.  0.02*
subtask 4

Color interfere time 19.92+16.45 22.77+17.31 171843 23.55+14.65 0.14 0.00** 0.38

General liner model was run with repeated measurdsollow up: Functions in 6 subscales were signifilyan
define factors, the reasoning improved immediatétgr  improved in the intervention group<@.05~0.01).In the
interventions and the improvement maintained fdeast control group, functions in 1 subscale were sigaifitly
1 year. In the control group, the reasoning dedlisel improved and in 2 subscales declinedcq®5~0.01).

year after interventions (Figure 1). Moreover, functions in 2 subscales in the interant
group were better than in the control group aftgnitive
Stroop color-word test training (P<0.05~0.01) (Table 2). At half a year after

Baseline: There were no significant differencestlie  cognitive training, functions in 3 subscales were

scores of subtests between intervention group anttat ~ significantly improved in the intervention group
group. (P<0.05~0.01). In the control group, functions in 2
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subscales were significantly improved and in 1 sales intervention group (0.05~0.01). In addition, functions
declined (R0.05~0.01) (Table 3). At 1 year after in 4 subscales were significantly improved and in 2
cognitive training, functions in 4 subscales weresubscales declined in the control group®5~0.01)
significantly improved and in 2 subscales declinethe (Table 3).

Table 3.Improved/declined number of NTBE and stroop culord test in follow up

After intervention Half a year One year
Test Intervention Control Intervention Control Intervention Control
group group group group group group
(n=83) (n=51) (n=77) (n=47) (n=73) (n=45)
Improvement 12 8 20 14 19 11
NTBE Decline 3 2 1 1 4 3
Stroop Improvement 6 1 3 2 4 4
Decline 0 2 0 1 2 2

Table 4.Changes in the cognitive ability across time bgugrtimprovement vs baselijelecline vs baseline,-- no
change,+ improvement vs control group

After intervention Half a year One year
Cognitive ability Intervention Control  Intervention Intervention Control  Intervention
group group group group group group
immediate memory 1 0 0 1 1 0
delayed recall 0 - 0 1 0 -
study effect + - ! - l |
visual scan ™+ - 0 - 1 |
concept formation 7 -- 0 -- 1 --
Attention 0 - 1 - 1 l
speech ability 0 - 1 -- 1 -
working memory - ! -- -- -- -
Reasoning 1+ -- 1+ -- T+ -
visual-space analysis - - ) - 0 -
perceptive motor speed 1 l 1 1 1 0
execute function T+ ! 1 ! -- -
Discussion attention, speech ability, reasoning, visual-spatalysis

and conbinition, perceptive motor speed, executetion
It is the first trail to apply the integrative cdatiwe  after interventions, and most improvements in these
training in the elderly in China. Although single domains lasted for at least one year (Table 4). évew
intervention has been successfully used to imptnee in the control group, there was little improvementd
cognition in the elderly, the combined methods forsome cognitive abilities, such as attention, statfgct,
interventions were applied to improve the cogniiiothe ~ Vvisual scan, etc, declined significantly. In aduiti some
Chinese elderly and the primary outcome was medsur®f the domains, such as immediate memory, were also
within on year. Our previous study showed the subje improved in the control group which may be attrésiito
aged 70~75 years experienced the rapid declinddn tthe high withdraw in this group and better perfonc&in
cognition [28]. In the present study, subjects ag@@ the remaining elderly with good cognition.
years were recruited for analysis.

Improved cognitive function in the intervention gm
Overall, our study demonstrated that the integeativsuggests the plasticity of human brain. It alsoficored
cognitive interventions helped the healthy communit the mechanism of successful aging which our stodpd
elderly to perform better on many cognitive akeliti previously that executive function may be an
Subjects in the intervention group performed beaitethe ~ impressionable domain in the cognition of the dider
memory, study effect, visual scan, concept fornmatio [29]. In the intervention group, the reasoning iabivas
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improved and better than that in the control graupich
lasted for at least one year. This also demonstrtite
reasoning ability is a susceptible area to cogmitiv
intervention in the healthy elderly. We may incesdise
reasoning lessons and for the emphasis in future.

reasoning ability and others are the susceptiblaailo
for cognitive intervention in healthy elderly.

Limitations

This study has several limitations. First, the ipgrants

in this study were adults aged >70 years. Thusetie
NTBE reasoning test in the intervention group wae t possibility that results might be influenced by theather
only item in which the three time points were imgrd  or other physical diseases or a variety of unknoasons
significantly and were better than those of theresulting in the increase of withdraw rate. Secomden
intervention group after the interventions, indicgtthat compared with studies with large sample size, tiaber
the logical reasoning ability was the susceptibdendin  of subjects is small in the present study and tiweber of

for cognitive intervention in the healthy eldergnd the 2 groups was unbalanced, which may also impacted th
reasoning ability had a room for improvement andindings. Finally, this study was carried out inaBghai
maintained a long-term effectiveness, which may bend the elderly had high education level and gosalth
associated with the relevant methods and skillstered  situation. Thus, whether the findings of our stuahg
and the accurate strategies adopted by the elderly applicable for the elderly with low education leval
learning. While it was reported that the effectess of severe diseases is still unknown.

the reasoning training can be up to seven year§ [30

therefore, the long-term effectiveness of the inhpdiche Acknowledgements

integrative cognitive training on reasoning abiligeds to
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In the present study, the integrative cognitiventrey may
cover a number of cognitive areas. Each of theegies

for training improved the target ability. Meanwhile
interacted with other aspects and increased otiliryaor
compensated the declined ability. Thus, the global
cognitive function was improved in the elderly amdy
helpful for the improvement of quality of life.

1.

The items which were better in the interventionugro
than those in the control group decreased or toénad

items increased at six months and one year afeeetid 2.

of the intervention (no difference between bothotigh
Stroop word-color interference test), illustratingpe
effectiveness of interventions decreased over tsoehe
enhanced interventions were arranged at one yesmie

foreign studies. The long-term effectiveness of the:

enhanced interventions group within two years &wnd f
years was superior to that of the non-enhanced
intervention group, and the improvement in dailjing
ability in the former was also different from thait the
latter [7-9]. In the future interventions, it was
recommended that the enhanced intervention was
conducted at six months after the end of interossti
and the enhanced interventions can be performed aga
one year for the elderly who had the conditions for

training to strengthen the training effect and wmdthe 6

recession of the intervention effects.

Conclusions 7

Integrative cognitive training is an effective cdye
intervention method, and it can improve or delag th
cognition decline in the healthy elderly in the gherm.
A number of cognitive functions remain a valid tlezne
year after the end of interventions and the logical
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