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Purpose: Cognitive training intervention (CTI) is defined as any mechanism of action of a non-pharmacological procedure provided 
to improve cognitive function. CTI in healthy elderly has the potential to improve cognitive function; however, the effects of 
interactive computerized-CTI in old ages have been inconclusive. The present study aimed to determine the effects of low- 
technology CTI in community-based populations.
Patients and Methods: The study was a 2-arm parallel single-blinded randomized controlled intervention trial. The main outcome 
measured global cognitive function utilizing the Thai Mental State Examination (TMSE); the minor outcomes were cognitive 
subdomains and psychosocial outcomes (ie, quality of life and depression). The primary endpoint assessed the treatment effect at 
the 12th week (T1), while the secondary endpoint evaluated the carry-over effect at the 24th week (T2).
Results: Eighty-six eligible participants were recruited from a senior society on the edge of Bangkok. At baseline (T0), the mean age and 
TMSE score among CTI (n = 44) and wait-list (n = 42) groups were similar (age; 66.66 ± 5.52 and 67.52 ± 6.46; TMSE; 28.84 ± 1.38 and 
28.83 ± 1.12, respectively). For the CTI group, the mean number of cognitive training sessions was 14.82 ± 7.62. By using intention-to-treat 
analysis at the primary endpoint, the mean difference score of TMSE in the CTI group was significantly higher than the wait-list group 
(∆TMSEbetween group at T1-T0 = 0.57; 95% CI = 0.07 to 1.08), while the effect size was 0.48. At the secondary endpoint, there was no 
significant difference observed between the CTI and wait-list groups (∆TMSEbetween group at T2-T0 = 0.33; 95% CI = −0.23 to 0.88), while 
the effect size was 0.25. The cognitive subdomains and psychosocial outcomes were discovered with no significant difference.
Conclusion: CTI showed significant treatment effect for improvement in global cognitive function in healthy Thai elderly but did not 
demonstrate carry-over effect. This study provided preliminary evidence of the feasibility of implementing low-technology CTI in 
middle-income countries.
Keywords: cognitive functions, community, elderly, healthy, randomized controlled trial

Introduction
Dementia is a heterogeneous and multifactorial condition with some risk factors being non-modifiable, such as age, ethnicity, sex, 
and genetic factors.1–3 The potentially modifiable risk factors are grouped by age. In early life, these include a lower education; in 
midlife, they are linked to cardiovascular disease (ie, hypertension, and obesity) and hearing loss; and in later life, factors are 
associated with smoking, depression, physical inactivity, social isolation, and diabetes.4,5 Novel trials have focused on non- 
medical interventions to prevent dementia in healthy aged populations such as encouraging a Mediterranean-style diet,6 

promoting exercise and physical activity,7 facilitating opportunities for social engagement,8 and cognitive training interventions 
(CTI).9–11 Moreover, it has been suggested that CTI in later life has benefits in terms of risk reduction of Alzheimer’s disease 
(AD)10 and that CTI could potentially increase brain cognitive reserve since cognitive reserve is not a static ability. However, 
Gates et al reported that the effects of interactive computerized-CTI in middle-ages (aged 45–65 years) and old-ages (≥65 years) 
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were inconclusive and that more high-quality randomized controlled intervention trials (RCTs) were needed.12,13 Several recent 
systematic reviews and meta-analyses have shown some evidence that CTI in healthy elderly has the potential to improve 
cognitive function. These studies involved the repeated practice of a set of structured and standardized tasks designed to target 
one or more cognitive domain through teaching skills and strategies for improving functioning.14,15

CTI is defined as any mechanism of action of a non-pharmacological procedure provided to not only improve cognitive 
function (ie, attention, learning and memory, language, problem-solving skills, visuoconstructional-perceptual ability, and 
social cognition), but also enhance cognitively mediated domains of functioning, such as activities of daily living, and 
behavioral disturbance. The strategy of CTI is categorized into 2 types: compensatory and restorative. Firstly, compensatory 
interventions are prescribed to develop new methods to perform everyday tasks by working around cognitive impairment. 
These compensatory interventions employ procedural training to teach complex and higher-order cognitively mediated 
behaviors, as well as internal and external tactics. Internal tactics involve a kind of information organization activity, while 
external tactics use environmental cues and note-taking. The second CTI type involves restorative interventions aimed to 
recover premorbid cognitive function. These include spaced retrieval, attention and memory drills, vanishing cues, errorless 
learning, reality orientation therapy, and reminiscence therapy. Overall, restorative interventions for AD patients have been 
found to be more efficacious than compensatory interventions.16

It is well documented that Thailand has recently moved from an aging society to an aged society.17 The proportion of Thai 
dementia patients who accessed health care services in 2015 was 12.9 per 100,000 people, while AD accounted for the highest 
prevalence subtype of dementia, with 8.3 per 100,000.18 It is, therefore, paramount that practices to delay the progression of 
dementia are fully established in the Thai public health care system. Furthermore, due to the lack of familiarity with digital 
technologies among elderly Thai citizens and a lack of resources, the intervention required the use of simple devices, which are 
commonly available in low to middle-income countries. It appears the use of simple devices for CTI is novel in this study and aims 
to increase the feasibility of CTI studies in countries lacking access to advanced digital methods. Consequently, the hypothesis of 
the present study is that restorative strategic CTI involving low-technology devices could improve cognitive function and 
psychosocial outcomes (quality of life (QoL) and depression) in healthy Thai elderly in community-based populations.

Materials and Methods
Study Design
The study was a 2-arm parallel single-blinded intervention RCT. The objective was to prove the effects of the CTI when 
compared to the wait-list group. This trial was registered to the Thai Clinical Trials Registry (TCTR20151013001) and 
approved by the Institutional Review Board of the Faculty of Medicine, Chulalongkorn University (IRB No.514/58, Date 
of approval; January 5, 2016). All procedures were performed following the principles stated in the Declaration of 
Helsinki and informed consent was obtained from the study participants prior to study commencement.

Participants
Eligible participants, who were aged at least 55 years old, were recruited from a social club for the elderly in Nonthaburi 
Municipal, a suburb of Bangkok, Thailand. The exclusion criteria were 1) elderly who had attended formal education for 
less than six years; 2) elderly who had visual or hearing impairment which could not be corrected with eyeglasses or 
hearing aids; 3) elderly who had been diagnosed with dementia or mild cognitive impairment (MCI) (diagnosed by one 
of the authors, a geriatric psychiatrist, using the Clinical Dementia Rating Scale (CDR) ≥ 0.5);19,20 4) elderly who had 
been diagnosed with substance use disorders (except tobacco and caffeine); 5) elderly who had psychotic disorders, 
bipolar disorders or major depressive disorders classified by DSM-5;21 6) elderly who had been diagnosed with 
neurological diseases (such as stroke, epilepsy, and Parkinson’s disease); and 7) elderly who had been prescribed 
benzodiazepines, anticholinergics, acetylcholinesterase inhibitors, or N-methyl D-aspartate receptor antagonists.

Randomization
The recruitment process involved posting an advertisement on the elderly center noticeboard, and residents interested in 
participating contacted the research assistant by telephone. A research assistant enrolled all voluntary participants and concealed 
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their identification data using sequential coding. Following on from this, the research assistant employed each sequential code to 
assigned participants to the intervention or wait-list arm by a block of four randomization. All administrative tasks and data entry 
were carried out by the research assistant who was not involved in the interventions and outcome assessment (Figure 1).

Figure 1 Flow diagram of randomization.
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Interventions
The CTI referred to a non-pharmacological intervention that involved a kind of restorative strategy involving the completion 
of a series of structured tasks to improve cognitive performance in healthy elderly. The exercises targeted 6 cognitive functions 
(ie, complex attention, executive function, learning and memory, language, visuoconstruction-perceptual ability, and social 
cognition (see more details on Protocol and Data Sharing). All 6 of these cognitive functions were practiced in each CTI 
session (30 minutes per session), with each exercise targeting one cognitive domain. The CTI was implemented twice per 
week and included 24 sessions in 12 weeks overall. Each session comprises 8 sections of 3-minutes each, following the same 
format: 1) check-in and introduction; 2) cognitive domain practice (6 sections); and 3) summary and feedback section. There 
was a 1-minute break after each section had ended to enable participants to recover (Figure 2). The sessions took place in 
a group that was led by the author, who guided the participants through each activity systematically. The CTI was run by an 
audio-visual digital video disk created by the authors which explained instruction and demonstration in each lesson and 
involved an individual paper-pencil workbook. The CTI employed speed tests, matching activities, gap completion, and short- 
answer questions.

Participants allocated to the intervention arm received the CTI and engaged in usual recreational group activities during the 
first 12 weeks of the experimental phase. It is important to note that the usual recreational group activities were informal, 
voluntary, and part of the day-to-day activities at the elderly center. All CTI sessions were arranged as additional from the 
regular schedule and took place in a private room and all CTI materials were kept in a locked cabinet. Conversely, participants 
allocated to the wait-list arm received only the usual recreational group activities, including aerobic exercises, ballroom dance, 
Thai folk dance, fitness drills, yoga, Tai Chi, Karaoke, musical instrument lessons, Mandarin-Chinese or English lessons, and 
practice with dharma and meditation. There was no daily record of the type or class of the usual recreational activities each 
participant took part in because they were deemed non-compulsory. In addition, the researchers did not distinguish between 
static and physical recreational activities as it was regarded as cumbersome for the elderly participants to record each day. The 
wait-list group was contacted by the research assistant twice by phone to make appointments for primary and secondary 
outcome measures. After the experiment phase had ended both CTI and wait-list groups attended usual recreational group 
activities, following a regular schedule at the elderly center from the 13th week to the 23rd week (Figure 2).

Figure 2 Cognitive training intervention (CTI) protocol.
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Outcomes
The primary outcome measured global cognitive function by employing the Thai Mental State Examination (TMSE), 
a neuropsychiatric test for standard mental status examinations for Thai elderly. The total score of the TMSE is 30 points 
and the cut-off point for the diagnosis of normal (healthy) Thai elderly is over 23 points.22,23

Additionally, there were two secondary outcomes: a measurement of the 8 cognitive subdomains and an evaluation of 
psychosocial outcomes. The neuropsychological assessment battery was used to evaluate the 8 cognitive subdomains 
which have good psychometric properties of cognitive assessment in Thai older adults.24,25 This neuropsychological 
assessment battery consisted of the digit span forward for attention-concentration, the digit span backward for working 
memory, a word list learning test for verbal memory, a Trial Making-A Test for psychomotor speed, a Trail Making-B 
Test for executive function, a constructional praxis for visuoconstructional-perception, a word recall exercise for delayed 
recall memory, and the letter “S” and category fluency tests for language fluency (see more details on Protocol and Data 
Sharing). This study employed the brief Older People’s Quality of Life Questionnaire (OPQOL-brief)26 and the Thai 
Geriatric Depression Scale-15 (TGDS-15)27,28 as the tools used for psychosocial evaluation, with permission granted 
from the original authors.

The original OPQOL-brief was authorized for translation and validation in Thai. The eligible criteria of content 
validity employed the index of item-objective congruence (IOC),29 which was set at more than 0.80. The Thai version 
of OPQOL-brief (OPQOL-brief-Th) was adjusted again and back-translated by an English expert after face and content 
validity were approved by a psychiatrist, a neurologist, a physical physician, a clinical psychologist, and an occupa-
tional therapist. These final versions of the OPQOL-brief-Th had reliability measured through a pilot study conducted 
at the elderly club at Thammasat University Hospital. The internal consistency of the OPQOL-brief-Th was measured 
by Cronbach’s alpha coefficient, which was 0.93.30 The two-week test-retest reliability of OPQOL-brief-Th was 
represented by Spearman’s rank correlation coefficient (rs), yielding strong stability (rs=0.76, p<0.01). The TGDS-15 
is the Thai version of the 15-item Geriatric Depression Scale used when screening for major depression and a cut-off 
score of ≥7 points was given high sensitivity (88%) and specificity (75%).28

All cognitive function outcomes were assessed by trained blinded psychologists not involved in the recruitment 
process and experimental phase. Furthermore, the TGDS-15 and OPQOL-brief-Th were recorded with self-reported 
questionnaires. All outcomes employed the same version of TMSE, neuropsychological assessment battery, TGSD-15, 
and OPQOL-brief-Th at 3-time points of measurement. These were 1 week before the implementation of the experi-
mental phase (baseline, T0); 1 week after the ending of the experimental phase (12th week, T1); and at the end of the 
24th week (T2). At the primary endpoint, the treatment effect was assessed by calculation of the mean difference scores 
of the TMSE, neuropsychological battery, TGDS-15, and OPQOL-brief-Th between the 12th week (T1) and baseline 
(T0) scores. At the secondary endpoint, the carry-over effect was evaluated by the mean difference scores between the 
24th week (T2) and baseline (T0).

Sample Size
The sample size was estimated using a 1:1 ratio 2–sample parallel pre-post design of RCT with the continuous outcome 
of a 2-tailed test.31,32 The effect size was set at 1.0 (difference of the mean of TMSE between the treatment and control 
group),9 with a 2-tailed significance level of (α) 0.05; the power (β) was set at 0.80. According to this formula, the 
number of participants allocated to each arm should be 39. The authors estimated a 10% dropout during the study; 
therefore, the minimum sample size per arm was 44. During the enrollment process, 2 of the 88 participants were 
excluded due to a history of schizophrenia and cerebrovascular disease. The final 86 participants were randomly assigned 
to the CTI and wait-list group (Figure 1).

Statistical Methods
The Statistical Package for the Social Science (SPSS) version 17.033 was used to analyze descriptive statistics, such as 
frequency, percentage, mean, median, standard deviation (SD), and 95% confidence interval (95% CI). The statistical 
significance was set at a 2-tailed p-value <0.05, and a 2-tailed independent sample t-test was performed to investigate the 
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difference between the mean change of (T1-T0) between intervention and control groups and the difference between the 
mean change of (T2-T0) between groups, which represented the treatment and carry-over effect of both primary and 
secondary outcomes, respectively. The effect size (d) was calculated using Glass’s Estimator of Effect Size.34 To compare 
all outcomes for all participants who were randomized to receive CTI or wait-list, an intention-to-treat (ITT) analysis was 
performed with the last observation carried forward technique. A per-protocol (PP) analysis was also performed for 
comparison among participants who completed the treatment originally planned.

Results
Population and Loss to Follow-Up
This trial enrolled 88 elderly participants from September to December 2016; however, two people were excluded due to 
schizophrenia and cerebrovascular disease. Eighty-six participants completed the baseline neurocognitive function and 
psychosocial outcomes assessment and were randomly allocated into two arms as shown in Figure 1 (44 to CTI group and 
42 to wait-list group). From January to March 2017, the experimental group received CTI while the control group was allocated 
as the wait-list. The primary and secondary endpoints were assessed in April and June 2017, respectively. Consequently, 86 
participants were eligible to receive ITT analysis, while only 67 participants remained on PP analysis. In the CTI group, there 
were 7 participants (15.09%) who did not receive the allocated intervention owing to surgery, inability to be contacted by 
phone, and a desire not to attend the cognitive training program; however, one participant still came to the primary and 
secondary endpoint assessments. In the wait-list group, there were 12 participants (30.00%) who declined to attend the endpoint 
assessment. Therefore, at the 24th week, the CTI group had 37 participants and the wait-list group had 30 participants.

The baseline demographic and clinical data are presented in Table 1. Most participants in each group were female and had 
approximately 14 years of education. The mean age in the CTI group was 66.66±5.52 years old, whereas in the wait-list 
group it was 67.52±6.46 years old. In terms of global cognitive function, the TMSE score among CTI and wait-list groups 
were similar (28.84±1.38 and 28.83±1.12, respectively). Overall, all participants had a good QoL without depression. For the 
CTI group, the mean number of visits to cognitive training sessions was 14.82±7.62. All cognitive subdomain scores at the 
baseline of both groups were similar (see Appendix Table 1 and 2A). Due to the baseline characteristics of CTI and wait-list 
group being similar, the outcomes were analyzed with unadjusted estimates. Moreover, the PP analysis was not substantially 
different from the ITT analysis and no protocol deviations or adverse events occurred.

Table 1 Baseline Demographic and Clinical Measures of All Participants

Variables CTI Group (n=44) Wait-List Group (n=42)

Demographic measures
Years of age, mean (SD) 66.66 (5.52) 67.52 (6.46)
Female, n (%) 38 (86.36) 36 (85.71)

Years of education, mean (SD) 14.70 (4.28) 14.86 (3.48)

Years of retirement, mean (SD) 9.09 (6.82) 12.14 (11.29)
History of diabetes mellitus, n (%) 8 (18.18) 4 (9.52)

History of hypertension, n (%) 12 (27.27) 14 (33.33)
History of hyperlipidemia, n (%) 14 (31.81) 20 (47.62)

History of coronary artery disease, n (%) 3 (6.82) 4 (9.52)

Other underlying diseasesa n (%) 8 (18.18) 7 (16.67)
Clinical Measures at Baseline, mean (SD)

TMSE 28.84 (1.38) 28.83 (1.12)

TGDS-15 2.32 (1.62) 2.26 (2.04)
OPQOL-brief-Th 20.93 (4.57) 21.93 (4.74)

Visiting numbers of CTI (min.=0; max.=24; median =17) 14.82 (7.62) –

Note: aOther underlying diseases ie, osteoporosis, osteoarthritis, asthma, abnormal thyroid function, end stage kidney disease, 
gastroesophageal reflux, breast cancer, and benign prostate gland hypertrophy. 
Abbreviations: CTI, cognitive training intervention; TMSE, Thai Mental Status Examination; TGDS-15, Thai Geriatric Depression Scale- 
15; OPQOL-brief-Th, Thai version of Older People’s Quality of Life-brief.
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Primary Endpoint
At the primary endpoint, the mean difference in global cognitive function between the 12th week and baseline 
(∆TMSEwithin group at T1-T0) of the CTI group was 0.45 (95% CI = 0.06 to 0.85); with the wait-list group, it was 
−0.12 (95% CI = −0.44 to 0.20). A statistical difference was found using ITT analysis between CTI and wait-list groups 
(∆TMSEbetween group at T1-T0 = 0.57; 95% CI = 0.07 to 1.08), while the effect size was 0.48 (Figure 3). Moreover, the 
mean difference in the 8 cognition subdomains, TGDS-15, and OPQOL-brief-Th, did not show significant differences 
between both groups (Table 2).

Secondary Endpoint
At the secondary endpoint, the mean difference in global cognitive function between the 24th week and baseline 
(∆TMSEwithin group at T2-T0) of the CTI group was 0.16 (95% CI = −0.26 to 0.58) and the wait-list group was −0.17 
(95% CI = −0.54 to 0.21). A comparison between groups showed no significant difference between the CTI and wait-list 
groups using ITT analysis (∆TMSE between group at T2-T0 = 0.33; 95% CI = −0.23 to 0.88), while the effect size was 0.25 
(Figure 3). Additionally, the mean difference in the 8 cognition subdomains, TGDS-15, and OPQOL-brief-Th did not 
show significant differences between both groups (Table 2).

Per-Protocol Analysis
At the primary endpoint, the mean difference in global cognitive function between the 12th week and baseline 
(∆TMSEwithin group at T1-T0) of the CTI group (n=37) was 0.49 (95% CI = 0.02 to 0.96) and for the wait-list group 
(n=30) it was −0.13 (95% CI = −0.58 to 0.31). In a comparison between the groups, the mean difference in global 
cognitive function in the CTI group was higher than in the wait-list group, but no statistical difference was discovered 
(∆TMSEbetween group at T1-T0 = 0.62; 95% CI = −0.03 to 1.26). Moreover, there was no significance found between the 
mean difference in the 8 cognition subdomains, TGDS-15, and OPQOL-Brief-Th across both groups (see Appendix 
Table 2B).

At the secondary endpoint, the mean difference in global cognitive function between the 24th week and baseline 
(∆TMSEwithin group at T2-T0) of the CTI group was 0.11 (95% CI = −0.32 to 0.54) and the wait-list group was −0.20 

Figure 3 Treatment effect and carryover effect.
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(95% CI = −0.72 to 0.32). In a comparison between groups, there were no significant differences discovered between the 
CTI and wait-list group (∆TMSE between group at T2-T0 = 0.34; 95% CI = −0.34 to 1.02). Additionally, no significance 
was found between the mean difference in the 8 cognition subdomains, TGDS-15, and OPQOL-Brief-Th across both 
groups (see Appendix Table 2B).

Discussion
The findings of this present study have shown that the CTI has had a statistically significant treatment effect on global 
cognitive function in healthy Thai elderly at the primary endpoint. However, there was no carry-over effect at the 
secondary endpoint observed. Moreover, in comparison with the control group, there was some evidence of increases in 

Table 2 Treatment Effect and Carryover Effect (Analyses for Intention-to-Treat Using the Last Observation Carried Forward Method)

Outcome CTI Group (n=44) Wait-List Group (n=42) Mean Difference  
Between Group

(95% CI)

Mean (95% CI) Mean (95% CI)

Global cognitive function
∆ TMSE at T1-T0 0.45 (0.06, 0.85) −0.12 (−0.44, 0.20) 0.57 (0.07, 1.08)

∆ TMSE at T2-T0 0.16 (−0.26, 0.58) −0.17 (−0.54, 0.21) 0.33 (−0.23, 0.88)

Cognitive functions in each 
domain
Attention-concentration

∆ DSF at T1-T0 0.57 (0.01, 1.13) −0.12 (−0.81, 0.57) 0.69 (−0.18, 1.56)

∆ DSF at T2-T0 0.89 (0.25, 1.53) 0.57 (0.02, 1.12) 0.32 (−0.52, 1.15)

Working memory

∆ DSB at T1-T0 0.14 (−0.42, 0.69) 0.12 (−0.36, 0.60) 0.02 (−0.71, 0.74)

∆ DSB at T2-T0 0.61 (0.02, 1.21) 0.12 (−0.62, 0.85) 0.49 (−0.43, 1.42)

Verbal memory

∆ WLLT at T1-T0 0.07 (−0.23, 0.36) 0.13 (−0.18, 0.45) −0.07 (−0.49, 0.36)

∆ WLLT at T2-T0 0.29 (−0.06, 0.64) 0.48 (0.12, 0.85) −0.20 (−0.69, 0.30)

Psychomotor speeda

∆ TMT-A time at T1-T0 −1.69 (−6.92, 3.56) −0.21 (−4.09, 3.66) −1.47 (−7.94, 5.00)

∆ TMT-A time at T2-T0 −5.32 (−10.95, 0.31) −4.86 (−9.51, −0.20) −0.46 (−7.69, 6.77)

Executive functiona

∆ TMT-B time at T1-T0 −12.80 (−34.43, 8.84) 3.10 (−10.16, 16.35) −15.89 (−41.18, 9.39)

∆ TMT-B time at T2-T0 −25.80 (−44.61, −6.98) −13.74 (−24.67, −2.81) −12.06 (−33.77, 9.65)

Visuoconstructional-perceptionalabilitya

∆ Constructional praxis at T1-T0 −0.02 (−0.16, 0.12) −0.07 (−0.20, 0.06) 0.05 (−0.14, 0.23)

∆ Constructional praxis at T2-T0 −0.04 (−0.18, 0.08) −0.02 (−0.20, 0.15) −0.02 (−0.23, 0.19)

Delayed recall memory

∆ Word recall at T1-T0 0.18 (−0.18, 0.53) −0.14 (−0.54, 0.26) 0.32 (−0.21, 0.86)

∆ Word recall at T2-T0 0.52 (0.08, 0.96) 0.10 (−0.56, 0.75) 0.43 (−0.34, 1.19)

Language fluency

∆ Letter “S” at T1-T0 0.45 (−0.71, 1.62) −0.05 (−1.14, 1.04) 0.50 (−1.08, 2.08)

∆ Letter “S” at T2-T0 0.61 (−0.59, 1.82) −0.17 (−1.39, 1.05) 0.78 (−0.91, 2.47)

∆ Category fluency at T1-T0 −0.29 (−1.28, 0.69) 0.07 (−0.85, 0.99) −0.36 (−1.70, 0.96)

∆ Category fluency at T2-T0 0.32 (−0.64, 1.28) 0.62 (−0.24, 1.48) −0.30 (−1.58, 0.98)

Quality of Life
∆ TGDS-15a at T1-T0 −0.61 (−1.02, −0.21) −0.55 (−1.11, 0.01) −0.07 (−0.74, 0.61)

∆ TGDS-15a at T2-T0 −0.68 (−1.11, −0.26) −0.76 (−1.29, −0.24) 0.08 (−0.58, 0.74)

∆ OPQOL-brief-Th at T1-T0 0.07 (−1.32, 1.45) −0.62 (−2.15, 0.91) 0.69 (−1.34, 2.72)

∆ OPQOL-brief-Th at T2-T0 2.02 (0.68, 3.37) 0.88 (−0.82, 2.59) 1.14 (−0.99, 3.27)

Note: aThese neuropsychological tests have reversal scoring which means the lower the score the better the performance. 
Abbreviations: CTI, cognitive training intervention; TMSE, Thai Mental Status Examination; DSF, digit span forward; DSB, digit span backward; WLLT, wordlist learning test; 
TMT-A, trail making A test; TMT-B, trail making B test; TGDS-15, Thai Geriatric Depression Scale-15; OPQOL-brief-Th, the Thai version of Older People’s Quality of Life- 
brief; T0, at baseline; T1, at 12th week; T2, at 24th week.
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performance in the CTI group indicated in the raw scores, but these differences did not reach a level of statistical 
significance. This data included improvements in attention-concentration, working memory, verbal memory, psychomo-
tor speed, executive function, visuoconstructional-perceptual ability, delayed recall memory, and letter “S” fluency at the 
primary and secondary endpoints. The control group in the present study consisted of wait-list participants who attended 
the usual recreational group activities as regularly scheduled activities at the elderly center. There was neither a single- 
domain nor multi-domain CTI combined with recreation activities and physical exercise.

These findings support the results from two recent systematic reviews and meta-analyses on CTI studies which 
demonstrated modest improvements in healthy older adults. In these studies, the standardized mean effects (g) ranged 
from 0.29 to 0.32 (95% CI = 0.24 to 0.34 and 95% CI = 0.13 to 0.64).14,15 Additionally, the effect size of global cognition 
in this present study was 0.48, which was similar to previous meta-analyses of CTI in healthy elderly.11,14,15,35,36 

Mewborn et al reported that the single domain working memory intervention had the most effect (g = 0.47); however, 
memory (g = 0.14), processing speed (g = 0.14), and multi-domain (g = 0.31) CTI also displayed significant improve-
ment. This review provided evidence that both RCTs, with an active control group and a passive control group, had 
significant cognitive function benefits.15 Further results support the idea that CTI may have a more positive effect than 
cognitive stimulation when the active control group received cognitive activities involved in puzzle completion, reading, 
and low-challenge computer games.14,15 More specifically, the treatment effect showed a larger impact than the carry- 
over effect. In addition, age, education, and cognitive status (ie, healthy or MCI) were not moderators of the CTI effect. 
According to Mewborn et al, the intervention protocol should be less than 30 minutes per session (g = 0.31), 1–2 times/ 
week (g = 0.36), and the total number of sessions should be at least 20 sessions (g = 0.33) to have a larger treatment 
effect. Furthermore, CTI delivered to individuals showed more impact than when administrated to a group (g = 0.40 and 
g = 0.24, respectively).15 Consistent with the previous review, the CTI in the present study was congruent by 
implementing 24 sessions twice a week with 30 minutes of group-based multi-domain training.

The effect size of CTI in this study, which implemented a simple device with low digitalized techniques, demon-
strated a moderate effect size similar to that discovered in studies that looked at video game-assisted cognitive training 
among the elderly. The findings in the present study provide substantial evidence of the benefits of CTI when compared 
to the use of video games, which only made modest improvements in the executive function of healthy elderly.11,37 For 
example, Toril et al re-analyzed the mean effect size of 20 individual video game training studies from 1986 to 2013 and 
discovered a result of 0.37.37 Previous reviews11,37 have concluded that training the elderly with non-action video games 
improved processing speed, attention, memory, and global cognition; however, these improvements became non- 
significant after 3-months. Two recent systematic reviews, by Gates et al reported that the effects of interactive 
computerized-CTI in middle-aged and old-aged individuals on global and subdomain cognitive functions were 
inconclusive.12,13 Based on the above findings, the present study decided to facilitate the application of CTI by using 
an audio-visual digital video disk to explain instruction and provide a demonstration in each lesson, alongside an 
individual paper-pencil workbook. The CTI in the present study was designed to be user-friendly to the Thai older adult 
population and practical for the large number of digital immigrants that exist in Thai society needing assistance in 
operating technology.

Despite discovering that the CTI had benefits for cognition in healthy elderly in the short term, this present study 
found that the CTI did not have any carry-over effect. Valenzuela and Sachdev proposed that there was a dose–response 
relationship between increases in complex mental activities in later life and the risk of dementia.35 The intensity of the 
CTI in this present study might be at the minimum frequency and duration that could have a significant impact on 
cognitive function in healthy elderly. There is evidence from previous studies that significant improvements in cognitive 
function after training in processing speed, attention, and memory became extinct after a 3-month follow-up.35 

Recommendations have been made suggesting that to maintain the benefits of training some boosting sessions would 
be required.35 This present study measured the effects of a single CTI without any structured physical training and found 
that the effect size was moderate. To compare the effects of single versus combined CTI and physical training with 
healthy elderly, Oswald et al discovered that a combination of cognitive and physical training had a more significant 
effect than single CTI (0.75 and 0.35, respectively). Furthermore, the effect size of the cognitive outcome at the 1-year 
post-treatment mark demonstrated the same pattern (1.14 and 0.95, respectively).38 The reason why the combination of 
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cognitive and physical training had superior effects than single CTI was explained by Li et al using functional magnetic 
resonance imaging (fMRI) to estimate functional plasticity in the resting-state connectivity of the prefrontal cortex and 
medial temporal lobe in elderly at both pre- and post-intervention stages.39 The study concluded that a multimodal 
intervention could delay the process of aging and improve the functional regions that are most heavily influenced by 
aging as well as promote both brain and cognition preservation.39 Therefore, it would be valuable for future studies to 
create an RCT cohort study to compare the effects between single or combined cognitive and physical training in normal 
cognitive functioning Thai elderly.

The non-cognitive impacts of the CTI consisted of the transfer effect on the psychosocial outcomes (ie, depression and 
QoL), and functional abilities (ie, activities of daily living (ADLs) and mobility). According to the systematic review of 
meta-analyses, Gavelin et al discovered that the effects of CTI on psychosocial outcomes for healthy older adults had no 
significant improvement, with the standardized mean effect (g) being 0.23 (95% CI = −0.11 to 0.57).14 Additionally, CTI 
presented no significant difference between intervention and control groups on the functional abilities of healthy elderly (g 
= 0.06, 95% CI = −0.15 to 0.27).14,40 This review also showed some evidence that the computerized-CTI among old adults 
with dementia had no significant benefits on the psychosocial outcomes. For older adults with mild cognitive impairment, 
the effects on psychosocial and functional outcomes were inconclusive due to the lack of high-quality RTCs.14 In terms of 
functional abilities, the majority of RTCs demonstrated no significant improvement in the effect of ADLs between those 
elderly who were allocated to the computerized-CTI and the control group.14 In another systematic review and meta- 
analysis carried out by Marusic et al, CTI may be able to exert small effects on mobility (complex gait performance with d = 
0.47, 95% CI = 0.13 to 0.81);41 however, evidence for high-quality RCTs still needs to prove the strength of this transfer 
effect. When implementing CTI in healthy elderly, the assessment of psychosocial outcomes and ADLs could exhibit 
a ceiling effect and show no significant change. Consistent with the previous analysis, the CTI in the present study could not 
prove that CTI was able to lead to significant improvements in psychosocial outcomes.

The strengths of the present study were the multi-domains and restorative CTI, which were modified for the Thai 
community based on elderly implementation and holistic outcome measurement. This included cognition and psycho-
social outcomes at the immediate treatment stage and after a 6-month follow-up. This particular CTI was designed to be 
user-friendly for the elderly and convenient to implement in most elderly clubs in the Thai cultural context. Another 
strength was the RCT design. With both ITT and PP analyses, this present study could reflect the effects of CTI in real- 
life situations. This study is the first CTI with RCT design implemented in Thailand. It has provided supportive evidence 
for the value of CTI in terms of primary dementia prevention for Thai community-based elderly residents that could be 
applicable to other middle-income countries.

The present study has several limitations. Firstly, the present study was unable to quantify the usual recreational 
group activities and blind the cognitive tasks between both groups of participants. If there were co-intervention and 
contamination between the experimental group, which received CTI, and the wait-list group, which received usual 
care, it would dilute the CTI effect on global cognitive function; as a result, the effect size may be smaller. Secondly, 
the multi-domains and restorative CTI were added into the existing routines of the usual recreational group activities 
at the elderly center; consequently, the impact on the effect size was perhaps not as large as it could have been if the 
CTI was administered as an isolated activity. To prove the hypothesis that multimodal training has a larger impact on 
cognitive function, future RCTs should compare various multimodal training. In terms of the practice effect, the 
authors attempted to avoid this confounder by designing the intervention to combine various cognitive exercises of 
CTI which were not the same as the neuropsychological battery. Furthermore, the measurements of outcomes in each 
endpoint took a 3-month interval to reduce recall bias. Finally, the effect of improvements in cognition from the CTI 
in the present study did not assess the short- or long-term impacts on psychosocial well-being, ADLs,14 mobility,41 or 
a risk reduction of dementia syndrome in healthy elderly. Consequently, further trials should explore transfer effects 
that include ADLs and mobility. Furthermore, other potential modifiable and non-modifiable risk factors, for instance, 
education, hearing loss, social isolation, Mediterranean diet, metabolic syndrome, and ApoE4 genetic may also have 
an impact. Another point of note is that the present study implemented only 3-months of CTI; any future trials should 
investigate the longer-lasting effects of CTI in RCT cohorts with boosting sessions.
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Conclusion
In this RCT, CTI showed a significant treatment effect for improvement in global cognitive function in healthy Thai 
elderly but did not demonstrate a carry-over effect. This CTI was designed to be user-friendly and simple for the 
community residing older adult population. This study provided preliminary evidence of the feasibility of implementing 
low-technology CTI in middle-income countries.

Data Sharing Statement
The data that support the findings of this study are available from now and ending 5 years following the article’s 
publication, at protocols.io on the following link: dx.doi.org/10.17504/protocols.io.36wgqj92kvk5/v1.
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