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Abstract

Objective We investigated the feasibility and efficacy of cognitive training for older adults in rural
settings and with low education levels, who have mild cognitive impairment (MCl).

Methods Forty-five older adults (ages >65 years) with MCl were assigned to treatment or control
groups, at a 2:1 ratio. Cognitive training occurred in the treatment group for 2 months. The cognitive
abilities of the participants were assessed at pre-training, metaphase, and post-training time points,
using the Mini-Mental State Examination (MMSE), Montreal Cognitive Assessment (MoCA), Loewenstein
Occupational Therapy Cognitive Assessment (LOTCA), and Hamilton Depression Scale (HAM-D).

Results Following training, cognitive abilities improved in the treatment group, based on the total
scores of all 4 measures, as well as specifically on the MoCA and LOTCA. There were differences in the
main effects of group and time point on some subscales, but these differences had little, if any, effect
on the overall analyses.

Conclusion The present study demonstrated that cognitive training has beneficial effects on attention,
language, orientation, visual perception, organization of visual movement, and logical questioning in

patients with MCI. Furthermore, the observed effects are long-term changes.

Key words: Older adults; Rural; Mild cognitive impairment; Cognitive training; Efficacy

Biomed Environ Sci, 2016; 29(5): 356-364

www.besjournal.com (full text)

doi: 10.3967/bes2016.046
CN: 11-2816/Q

ISSN: 0895-3988
Copyright ©2016 by China CDC

INTRODUCTION

ild cognitive impairment (MCI)
describes a  transitional stage
between normal aging and dementia,

and is clinically represented by memory complaints
and objective evidence of cognitive impairment, in
the absence of evidence of dementia™. MCl is

"These authors contributed equally to the manuscript.

characterized by confusion, disorientation, restricted
attention, and memory impairment, as well as
restricted learning and language abilities™.
Prevalence rates of MClI within older adult
populations have been estimated at 3%-42%", and
the conversion rates between MCl and dementia are
estimated at 2%-31%, with a mean annual

conversion rate of 10.2%". In addition to age and
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certain diseases, social, psychological, and lifestyle
factors may contribute to declines in cognitive
functioningm. Dementia has become a serious health
problem for older adults, in addition to conditions
associated with normal aging[&g]. Previous research
has demonstrated that training and treatment are
beneficial for patients with MCI and dementia™®.
Therefore, effective training and treatment may
prevent MCl and dementia.

Ball et al. conducted a cognitive training study
with 2832 elderly adults. The study included memory
training and cognitive processing, and the results
demonstrated that cognitive functioning improved in
the treatment group after a period of 2to 5 years[m.
Cognitive functioning and activities of daily living
(ADL) also declined slowly in this study. In addition,
Jean performed a systematic review and concluded
that cognitive training for older adults improves
memory capacity[u].

Research on cognitive functioning began in
China in the 1980s™™). This initial research
primarily focused on basic cognitive research and
factors relevant to MCI. After 2000, researchers
found that early training and treatment for MCI
reduce the conversion rate from MCI to Alzheimer’s
disease (AD), and this topic has gained progressively
more interest in China"®"”. Qjao et al. conducted a
self-control study and provided training to 30
patients with MCI, including for self-management,
maintaining a healthy lifestyle, self-help intelligence
(such as intelligence tests or games), self-help
physical skills, and communication™®. After training,
cognitive functioning improved significantly in
patients with MCI. Zhang et al. conducted cognitive
functioning training with older adults in the
community, including that for tasks such as
recognizing photographs, arithmetic, memory,
attention, orientation, ability to calculate, and
executive ability“g]. After 6 months, the cognitive
abilities of these older adults were enhanced,
especially for memory, attention, and orientation.
Previous research on MCI in China involved older
adults who lived in the city and had high education
levels??!). Education levels of older adults residing
in rural China are low"”” and previous studies have
not investigated whether cognitive training is
effective in these populations. In addition, the
previous research on cognition did not focus on the
effects of trainingm]. Thus, we evaluated the effects
of cognitive training in older adults with MCl who
reside in rural areas, using a variety of standardized
scales.

METHODS

Data Source

Data were derived from research funded by the
Department of Health (Heilongjiang province; study
on mild cognitive impairment of older adults residing
in rural Heilongjiang province). The research was
conducted at a health center in Si Duan village. We
used cluster sampling to select 520 participants from
the data set, including 66 older adults who were diag-
nosed with MCI. Forty-five patients with MCl were
available and willing to attend our cognitive training.
Participants and Criteria

We adopted the criteria established by Petersen
et al. for clinical diagnosis of MCI: 1) subjective
patient, other informant, or a clinician report of
cognitive decline over time, 2) objective evidence of
cognitive impairment in one or more cognitive
domains using formal or bedside testing, 3) the
impact of cognitive impairments on daily functioning
does not preclude independence, and 4) the patient
does not meet criteria for dementia™.

Training and Assessment Instruments

We established a training research group
consisting of trained researchers. Forty-five patients
with MCI who met our inclusion criteria were
randomly assigned to treatment or control groups at
a 2:1 ratio. These patients with MCl were first
assigned numbers from 1-45, and 45 random 2 digit
numbers were then selected in any 2 rows of a
random number table. Based on this process,
patients with numbers 1-30 were assigned to the
training group and patients with numbers 31-45
were assigned to a no treatment control group. Prior
to training, we conducted between group
comparisons for demographic information and
cognitive abilities [age, years of education, gender,
Mini-Mental State Examination (MMSE) scores, and
Activities of Daily Lving (ADL)], in order to ensure
that there were no preexisting differences between
the groups. The control group did not receive any
treatment, in order to allow us to evaluate potential
non-treatment related changes over time and
ensure accurate interpretations of the results. The
treatment group consisted of 30 patients with MClI,
and was further divided into 8 subgroups (3-5
patients per subgroup). The at-home training
occurred for 2 months, with each subgroup receiving
2 h/d of training. There were 5 aspects of
training, including training for attention, memory,
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cognition, language, and task performance.
Participants were not assigned homework, and
training only occurred for 2 h/d. Training was also
flexible with regard to individual changes in cognitive
ability. The components of training are described in
Table 1.

The cognitive abilities of participants were
evaluated at pre-training, metaphase, and
post-training time points. Participants completed the
MMSE, Montreal Cognitive Assessment Chinese
version (MoCA), Loewenstein Occupational Therapy
Cognitive Assessment (LOTCA), and Hamilton
Depression Scale (HAM-D; 17-item Chinese version).
The Chinese version of the MMSE, revised by
Yuanming ZHANG et al., is widely used. The test has
good reliability and the intraclass correlation
coefficient of the joint inspection is 0.99. Convergent
validity between the Wechsler Adult Intelligence
Scale and the MMSE is also ideal. Many researchers
have conducted cross-sectional investigations with

results indicating that the construct validity and
internal consistency of the MoCA are excellent; the
Cronbach’s alpha coefficient is 0.818 and total scores
are correlated with scores on the MMSE. The
Chinese version of the MoCA consists of 7 items and
has a maximum total score of 30 points, with
diagnosis of MCI indicated if the score is 15-241%4,
Fourteen cooperative groups from the Chinese
Psychiatric Union evaluated the 17-item version of
the HAM-D and found that the reliability coefficient
of the total score was 0.88-0.99. Older adults may be
depressed if scores are between 7 and 17,
Compared with other authoritative scales, the LOTCA
is widely used with patients who have traumatic brain
injuries and cerebral vascular disease (both children
and adults)[26'28]. The correlation coefficient of
different results is 0.8%°>%. The maximum score is 119
points and higher scores represent better cognitive
function. The cognitive tests used in the present study
are summarized in Table 2.

Table 1. Components of Training

Component

Aims and Contents Min/d

Remembering quickly and walking remembering (such as remembering

Attention training

porkers fast or surrounding objects), improving attention according to 20
recalling porkers and things

. Name recall, telling stories, number recall, listening to familiar songs,
Memory training . . . 30
improving distant and recent memory
Cognitive training Logicz.ll ?rdering (placing photos in th? corre'ct orc.ler), o.bj.ect classification 2%
(classifying by shape and color), and arithmetic ability training
Speaking and reading practice, improving speaking, reading and inductive
. ability (although most of the older adults in this study had not finished
Language training ) ) ; . . 20
primary school education, many had independently studied some Chinese
characters)
Task performance training Matchstick puzzles and a building block test 25

Table 2. Components of Cognitive Tests

Cognitive Test Domains Highest Score
MMSE Orientation, registration, attention-calculation, recall, language 30
MoCA Visual space and executive function, naming, attention, language, abstraction, memory, 30
orientation

LOTCA Orientation, visual perception, visual movement organization, logical question, spatial 119
perception, action utilization
Cognitive symptoms, physiological and behavioral factors associated

HAM-D 8 ymp , phy g 50

with depression

Note. MMSE, Mini-mental state examination; MoCA, Montreal cognitive assessment; LOTCA, Loewenstein

occupational therapy cognitive assessment; HAM-D, Hamilton depression scale.
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Analyses

In order to ensure comparability between the
treatment and control groups, we used t-tests and
chi-square tests for pre-treatment comparisons and
used consistent methods during training. SPSS
(version 16.0, IBM, Armonk, NY, USA) was used to
conduct statistical analyses, such as applied analysis
of variance for repeated measures and mean
comparisons. Mauchly's test of sphericity is a
statistical test used to validate repeated measures
analyses of variance (ANOVAs), and is an important
assumption of these analyses. Sphericity refers to
the condition where the variances of the differences
between all possible pairs of groups are equal.
Therefore, violation of sphericity occurs when the
variances of the differences between all
combinations of the groups are not equal. Mauchly's
tests of sphericity were calculated for all cognitive
evaluation data (P<0.05). If sphericity was violated,
we corrected the degrees of freedom prior to
performing ANOVAs, using the Geisser-Greenhouse
(G-G) method.

RESULTS

Participants

The treatment and control groups were 73.516.1
and 70.3+4.3 years of age, respectively. Most older
adults were illiterate or had achieved only primary
school levels of education. Twenty-five participants
had not completed any formal education and only 9
patients had completed 6 years of education. The
number of years of education in the treatment and

control groups was 2.1+2.7 and 2.2+2.5, respectively.

There were 10 men and 20 women in the treatment
group (1:2 ratio), whereas there were 6 men and 9
women in the control group (1:1.5 ratio). In the
treatment group, the total pre-training MMSE score

was 16.2+2.9 and the ADL score was 16.5+1.3. In the
control group, the total pre-training MMSE score
was 15.0+3.4 and the ADL score was 16.4+1.2. We
concluded that there were no pre-training
differences between the groups (P>0.05). Patient
characteristics are given in Table 3.

Analyses of Results

Results of Repeated Measures Analysis The
results of repeated measures analyses demonstrated
that most P values were <0.001, except those for the
main effect of time point for the HAM-D score
(P=0.097) and the total time to complete the LOTCA
(P=0.011). The results are given in Table 4.

All P values for main effects of group were
<0.001, indicating significant differences between
treatment and control groups. The P values for the
MMSE and LOTCA scores were <0.01 at metaphase
and the P value for the MoCA data was <0.05 at
metaphase. The P values of scores from all 4
measures were <0.01 at post- training (Table 5).
Analyses of Repeated Measurements for MoCA
Scores

The visual space and executive function (VE)
scores increased more in the treatment group
compared to the control group from pre- to
post-training (P<0.05). There were no differences
between the groups or for the interaction between
groups and time point; however, the naming score
increased in the treatment group compared to the
control group (P<0.01). Significant differences were
observed between groups and no interaction
occurred between group and time point; there were
similar effects for the attention and orientation
scores, but the P value indicated greater statistical
confidence (P<0.01). There were differences
between groups and interactions between
group and time point; however, the language scores

Table 3. Patient Characteristics

Variable Treatment Group (n=30) Control Group (n=15) P value
Age 73.516.1 70.3%4.3 0.07
Years of education 2.1+2.7 2.242.5 0.91
Men: women 10:20 6:9 0.66
MMSE 16.2+2.9 15.0+3.4 0.23
ADL 16.5+1.3 16.4+1.2 0.87

Note. MMSE, Mini-mental state examination; ADL, Activities of daily living.
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between the two groups were stable from pre- to
post-training. There was a statistically significant
difference between groups (P<0.01) and interactions
between group and time point for abstraction and
memory scores. There were also significant
differences between groups but no interaction
between group and time point. These results are
given in Table 6.

Analyses of Repeated Measurements for LOTCA
Scores

The results verified that the orientation, visual
perception (VP), visual movement organization
(VMO), and logical questioning (LQ) scores increased

in the treatment group compared to the control
group from pre- to post-training (P<0.01). Significant
differences were observed between groups and
there was an interaction between group and time
point; the spatial perception (SP) scores demonstra-
ted particularly large differences between groups.
There was also a statistically significant difference
between groups, but no interaction between group
and time point; the action utilization (AU) score was
not different between pre- and post-training.
However, there were differences between groups
(P<0.01), but no interaction between group and time
point. The LOTCA results are presented in Table 7.

Table 4. Outcomes of Repeated Measures Analyses

Cognitive Test Item Df MS FValue P Value
MMSE Main effect of group 1 753.3 22.9 <0.001
Main effect of time point 1.446 347.8 80.4 <0.001
Group x time point interaction 1.446 155.5 35.9 <0.001
MoCA Main effect of group 1 756.6 18.6 <0.001
Main effect of time point 1.623 226.6 53.7 <0.001
Group x time point interaction 1.623 71.5 16.9 <0.001
LOTCA
Score Main effect of group 1 8167.5 40.1 <0.001
Main effect of time point 1.685 14343 50.8 <0.001
Group x time point interaction 1.685 785.4 27.8 <0.001
Time Main effect of group 1 408.2 21.4 <0.001
Main effect of time point 1.750 48.5 5.1 0.011
Group x time point interaction 1.750 91.1 9.5 <0.001
HAM-D Main effect of group 1 63.6 44.9 <0.001
Main effect of time point 1.690 24.9 2.8 0.097
Group x time point interaction 1.690 37.6 26.6 <0.001

Note. Df, Degrees of freedom; MS, Mean squares; MMSE, Mini-mental state examination; MoCA,
Montreal cognitive assessment; LOTCA, Loewenstein occupational therapy cognitive assessment; HAM-D,

Hamilton depression scale.

Table 5. Between-group Comparisons Across Time Points

Treatment Group (n=30)

Control Group (n=15)

Cognitive Test

Baseline Metaphase Post-training Baseline Metaphase Post-training
MMSE 16.2+2.9 18.5¢3.2" 20.1+3.8" 15.0+3.4 15.9+4.2 16.7+2.7
MoCA 11.4+3.6 14.0+4.3" 19.9+4.3" 11.0+3.6 13.6+4.1 12.743.6
LOTCA
Score 723473 84.8+9.1" 96.249.1" 71.9+8.4 72.3+11.8 71.5+10.2
Time 32.0¢4.1 30.243.2 26.2+¢2.9" 33.3+2.8 31.3+4.7 32.9+2.1
HAM-D 10.9+2.0 8.9+1.7 6.8+1.5" 10.0+2.2 9.9+1.8 9.5+2.5

Note. Mean squares; MMSE, Mini-mental state examination; MoCA, Montreal cognitive assessment;
LOTCA, Loewenstein occupational therapy cognitive assessment; HAM-D, Hamilton depression scale. P<0.01,

'P<0.05.
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Table 6. Analyses of MoCA Scores
Variable Mauchly Value Item Df MS F Value P Value
VE <0.001 Main effect of group 1 2.9 0.9 0.354
Main effect of time point 1.492 2.3 4.7 0.021
Group x time point interaction 1.492 14 2.8 0.085
Naming <0.001 Main effect of group 1 6.8 10.8 0.002
Main effect of time point 1.517 3.5 9.7 0.001
Group x time point interaction 1.517 0.4 13 0.273
Attention 0.043 Main effect of group 1 55.1 9.8 0.003
Main effect of time point 1.755 5.6 8.9 0.001
Group x time point interaction 1.755 3.1 49 0.013
Language 0.063 Main effect of group 1 7.2 9.4 0.004
Main effect of time point 2 0.8 2.9 0.063
Group x time point interaction 2 2.3 7.9 0.001
Abstraction Main effect of group 1 31 5.4 0.025
0.018 Main effect of time point 1.704 1.6 8.6 0.001
Group x time point interaction 1.704 0.2 1.1 0.322
Memory <0.001 Main effect of group 1 14.2 6.0 0.018
Main effect of time point 1.483 131 12.7 <0.001
Group x time point interaction 1.483 3.5 3.4 0.053
Orientation 0.090 Main effect of group 1 56.9 30.8 <0.001
Main effect of time point 2 12.7 25.4 <0.001
Group x time point interaction 2 3.2 6.5 0.002
Note. Df, Degrees of freedom; MS, Mean squares; VE, Visual space and executive function.
Table 7. Analyses of LOTCA Data
Variable Mauchly Value Item Df MS F Value P Value
Orientation 0.013 Main effect of group 1 8167.5 40.1 <0.001
Main effect of time point 1.685 14343 50.8 <0.001
Group x time point interaction 1.685 785.4 27.8 <0.001
VP 0.032 Main effect of group 1 192.5 28.8 <0.001
Main effect of time point 1.736 19.6 10.1 <0.001
Group x time point interaction 1.736 10.1 5.2 <0.001
SP 0.005 Main effect of group 1 33.4 6.2 0.017
Main effect of time point 1.638 18.4 9.9 <0.001
Group x time point interaction 1.638 3.9 2.1 0.138
AU <0.001 Main effect of group 1 57.9 17.1 <0.001
Main effect of time point 1.379 34 1.5 0.235
Group x time point interaction 1.379 7.2 3.1 0.070
VMO <0.001 Main effect of group 1 300.8 10.4 0.002
Main effect of time point 1.502 141.3 35.1 <0.001
Group x time point interaction 1.502 64.1 15.9 <0.001
LQ 0.039 Main effect of group 1 1028.6 51.5 <0.001
Main effect of time point 1.749 140.9 28.0 <0.001
Group x time point interaction 1.749 110.1 21.9 <0.001

Note. Df, Degrees of freedom; MS, Mean squares; VP, Visual perception; SP, Spatial perception; AU, Action
utilization; VMO, Visual movement organization; LQ, Logical questioning.
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DISCUSSION

Many studies have concluded that age is an
important factor affecting cognitive functioning in
older adults®®?. The participants in the present
study were >65 years of age and the mean age was
72.5+5.8 years. Declines in bodily functions,
especially in the nervous and perception systems,
greatly influence cognitive abilities and ADL. The
settings of this study were remote villages in
relatively poor areas of China that have been
influenced by historical events that have contributed
to a lack of educational resources. The results
demonstrated that level of education may affect
cognitive abilities, with an association between
fewer years of education and faster declines in
cognitive ability with age, which is consistent with
the findings of previous studies®??.

The present study utilized 4 authoritative scales
to evaluate cognitive decline. Scores on each scale,
as well as time to complete the test, demonstrated
that main effects of group differed depending on the
measure. Except for the HAM-D scale, there were
main effects of time point (P<0.05). There was an
interaction between group and time point for all
scores. We compared scores at different time points
and concluded that the MMSE and LOTCA scores
were statistically different between groups during
training and that these effects were more robust for
the MMSE, MoCA, HAM-D, and LOTCA scores and for
the completion time point after training. These
results demonstrate that training improved the
cognitive ability of patients with MCl who reside in
rural areas. The treatment group experienced
improvements during metaphase and post-training,
which were greater than improvements in the
control group. Furthermore, this effect of
training was more robust with the passage of time.
Older adults with MCI, who reside in rural
areas, participated in this training. Training may
stimulate brain activity and promote cognitive ability
by wusing cognition to complete all tasks
independently. Our results are consistent with those
of cognitive training studies of older adults in urban
communities®> .

Main effects of group occurred for all MoCA
subtests except VE, which required participants to
think about the relationship between 2 items while
using logical abilities and spatial imagination. Due to
historical events and living conditions, older adults in
China have not had the opportunity to receive
training that would promote their abilities in these

types of tasks. Some cognitive abilities, such as
language, attention, and orientation, which are
closely related to daily life, improved after training.
Regarding the main effect of time, all subtests
except language improved in the treatment group
compared to the control group. There were
interactions between group and time point for
language, attention, and orientation. We concluded
that the interaction between group and time
point indicates that this 2 month training easily
enhances these abilities. In contrast, cognitive
abilities such as VE, naming, abstraction, and
memory, which were difficult to learn, did not
improve. Although the mean MoCA score increased,
it was still below the standard scores of 15-24 for
patients with MCI. This finding likely occurred
because these MoCA score values were not
standardized in older adults with low levels of
education. However, the elevated scores observed in
the present study do still represent improvements in
cognitive functioning.

The LOTCA scores demonstrated that the main
effect of group differed between subscales. Main
effects of time point indicated that all subscales
except AU differed, although there were varied
effects at different time points. There were
differences in orientation, VP, VMO, and LQ, as well
as interactions between group and time point.
Differences between the LOTCA scores at different
time points indicate that cognitive training improves
cognitive abilities such as VP, orientation, VMO, LQ,
SP, and AU in older adults who reside in rural areas,
although the magnitude of effects differed. Tasks
that are easier to learn, such as VP and orientation,
as well as vivid tasks such as VMO and LQ, improved
significantly. In contrast, there were no significant
effects for tasks such as SP and AU, which the
participants had less interest in learning.

Cognitive training is an effective method to
promote improvements in the cognitive abilities of
patients with MCI®®. After training, improvements in
attention, language, orientation, VP, VMO, and LQ
confirmed that this training is suitable for older
adults with low education levels who reside in rural
areas, and that the training contributes to
rehabilitating cognitive function in these patients
with MCI. Continued improvements in the scores of
the treatment group indicate that the training has
continuing benefits over time. During the training,
we also observed that older adults were interested
in the more entertaining tasks and could experience
benefits within a short period of time, but their
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progress was slower in tasks that most participants
found less interesting, such as arithmetic.

CONCLUSION

Our cognitive training protocol improved the
cognitive abilities of patients with MCl who reside in
rural areas and who have low education levels, with
particular  benefits for attention, language,
orientation, VP, VMO, and LQ tasks. The observation
of continued improvements in the treatment group
over time indicates that cognitive training has
long-term efficacy.

Limitations

Although there is previous research on MCI in
Chinese populations, this work is limited compared
to findings in other ethnic groups, particularly with
regard to the effects of cognitive training. In the
present study, we did not collect physiological data,
such as ERP (event-related potential) recordings.
Future research would benefit from the use of such
techniques to support associated physical impacts of
training. However, the present study provides initial
data to contribute to this field in Chinese
populations, and will be useful to future researchers.
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