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ABSTRACT

Background: Physical exercise is suggested to be effective for preventing cognitive decline in

older adults, but the relative efficacy of different types of exercise have yet to be clarified.

Objective: This single-blinded randomized controlled trial was designed to investigate the

differential effects of aerobic exercise training (AT), resistance exercise training (RT), and

combined exercise training (CT) on cognition in older adults with subjective memory

complaints (SMC).

Methods: Community-dwelling older adults with SMC (n=415; mean age=72.3 years old) were

randomly assigned to one of the four groups: AT, RT, CT, or control group. The study consisted

of two phases: a 26-week intervention and a 26-week follow-up. The participants were

evaluated at baseline, 26 weeks (postintervention), and 52 weeks (follow-up). The primary

outcome of this study was memory function, which was assessed using the Logical Memory 11

subtest of the Wechsler Memory Scale-Revised (WMS-R) score. The secondary outcomes

included global cognitive function, verbal fluency, working memory, processing speed, and

executive functions.

Results: Intention-to-treat analysis by a mixed-effect model repeated measure showed that the

AT group had significantly improved performance on the WMS-R Logical Memory II test (2.74

[1.82-3.66] points) than the control group (1.36 [0.44—-2.28] points) at the postintervention

assessment (p=0.037). The effect was more pronounced in those without amnesia than those
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with amnesia. No significant improvement was observed in the RT and CT groups.

Conclusion: This study suggests that AT intervention can improve delayed memory in

community-dwelling older adults, particularly in individuals without objective memory decline.
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INTRODUCTION

There has been considerable and steadily growing interest in slowing cognitive decline and

delaying dementia onset through behavioral interventions [1, 2]. Physical activity and exercise

have been suggested to be effective in preventing cognitive decline and may decrease dementia

risk in older adults [3-7], improve neural plasticity [8], and promote quality of life [9]. Ngandu

et al. showed that a multi-domain intervention including physical exercise could improve or

maintain cognitive function among at-risk older adults in the community [10]. However,

systematic reviews and meta-analyses of randomized controlled trials (RCTs) of physical

exercise interventions have failed to provide clear evidence of benefits from exercise on

cognitive function [11-13]; thus, further large scale and high quality trials are needed to clarify

the effects of physical exercise on cognitive function [12].

Although the previous RCTs which assessed the effects of multimodal exercise, including

aerobic, resistance, balance, and stretching activities, have reported on cognitive improvement

[14, 15], it is not clear what types of exercise is most effective, and whether combining

multiple exercise types could provide larger benefits on cognition. The World Health

Organization recommends aerobic physical activity, muscle strengthening activity, or

multicomponent physical activity for health outcomes, such as mortality, cardiovascular

disease, type-2 diabetes, cancer incidence, adiposity, mental health, and cognitive outcomes in
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older adult populations [16]. The American College of Sports Medicine recommends a

combination of aerobic exercise training (AT) and resistance exercise training (RT) for older

adults, as it is more effective than either form of training alone on physical functioning and

overall health [17]; however, it does not refer to the effects of exercise on cognitive function.

Among the RCTs which were targeted to improve cognitive function, AT or RT have been the

main exercise interventions and each has been associated with cognitive improvement [18-21].

Few studies have compared the impacts of different exercise modalities as well as their

combined effect. Although one RCT has compared the efficacy of AT versus RT on cognitive

function [22], the sample size was small and the efficacy of a combination of AT and RT was

not evaluated. An animal study suggested that AT and RT improved cognitive functions through

divergent molecular mechanisms and distinct signaling pathways [23]. Thus, the effects of

different exercise modalities on human cognitive function need to be better evaluated [24].

In addition, identifying targets for preventing cognitive decline is a crucial issue, while it

is expected to be more effective to start interventions in preclinical or prodromal Alzheimer’s

disease (AD) [25]. According to the Cochrane reviews, one review showed that aerobic

exercise improves cognitive performance among cognitively healthy individuals [26], whereas,

another review has revealed no clear evidence of benefit from exercise on cognitive function

among older people with dementia [13]. The effectiveness of physical exercise on cognitive
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function may be different at each clinical stage of dementia. A conceptual framework of

subjective cognitive decline (SCD) has been proposed to define the population for targeted

dementia prevention trials [27]. SCD, a self-perceived decline of cognitive function without

objective deficits on neuropsychological tests, is the preclinical stages of AD, with a high risk

of AD and amnestic mild cognitive impairment (MCI) due to AD [28]. The benefits from

exercise on cognitive function may be different between those with and without objective

cognitive decline in memory [27], and is expected to be more effective in those without amnesia

(i.e., SCD) than those with amnesia (i.e., MCI) [29]. SMC (subjective memory complaints;

also termed subjective cognitive complaints) is defined as everyday-memory and related

cognitive concerns, which may be expressed by people who may or may not have deficits on

objective testing [30]. This has been proposed as the first subtle sign of cognitive impairment

before the appearance of AD or MCI and even before actual objective cognitive decline [27,

31]. Indeed, latest RCT of on-line multidomain lifestyle intervention targeted older adults with

SMC [32].

The main purpose of this study was to evaluate similarities and differences among the

effects of AT, RT, and combined exercise training (CT) on cognitive function in community-

dwelling older adults with SMC. We hypothesized that CT would be more effective on

cognitive performance than AT or RT because CT was reportedly more effective on physical
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functioning or global health than a single exercise modality [17]. Our secondary objective was

to examine the differences of the effects of AT, RT, and CT on cognitive function according to

the amnesia status. We hypothesized that the effect would be more pronounced in the non-

amnesia group than in the amnesia group.

DESIGN AND METHODS

Study design

A single-blinded RCT named “TOyota Prevention Intervention for Cognitive decline and

Sarcopenia” (TOPICS) was designed to evaluate the effects of AT, RT, and CT on cognitive

function, physical function, and physical activity in community-dwelling older adults with

SMC. Assessors were blinded to group membership, whereas participants were not. It was not

possible to blind the participants to group membership, owing to the easily discernible nature

of the exercise modalities required of each group. Participants were randomly assigned, using

allocation concealment, to one of the four groups: the AT, RT, CT, or control group with an

allocation ratio of 1:1:1:1. The study consisted of two phases: a 26-week intervention and a 26-

week follow-up. The participants were evaluated at baseline before randomization, 26 weeks

(postintervention), and 52 weeks (follow-up). The ethics committee of the Graduate School of

Medicine, Nagoya University approved the study protocol (approval no. 2014-0155-2), and the

study was registered with the University Hospital Medical Information Network (UMIN)
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clinical trials registry (registration no. UMIN000014437, URL: https://upload.umin.ac.jp/cgi-

open-bin/ctr_e/ctr_view.cgi?recptno=R000016788). All participants provided written

informed consent before their inclusion in the study. The recruitment of participants began in

October 2014.

Sample size

The calculation of sample size was derived from a meta-analysis of studies on the effects

of physical training on cognition in healthy older adults [3]. Because the average effect size in

this meta-analysis was defined as Cohen’s d =0.33, an effect size of f=0.15 (small-to-medium)

was assumed to be clinically relevant for the interaction of group*time in the repeated-

measurements analysis of variance with four groups and three time-points of measurement.

The power analysis of G*Power [33] found that a sample size of 328 was sufficient to

demonstrate this effect (type I error rate of 0.05 [two-tailed] and 80% power). Allowing for

20% attrition owing to withdrawal and illness, commonly found in other intervention studies

with healthy older adults [34], the recruitment of 103 participants per group for a total of 412

older adults was aimed.

Participants

The workflow detailing participant recruitment and criteria is shown in Figure 1. Toyota
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where this research was conducted is a city located in north-central Aichi Prefecture, central

Japan. The aging rate in Toyota city was 20.7% in 2015. As the first step, older adults at high

risk for future decline in instrumental activities of daily living (IADL), were screened using the

“Kihon Checklist” questionnaire, which was sent by the Toyota City municipal government to

citizens aged >65 years in selected areas, based on comprehensive resident registration records.

The questionnaire comprises of 25 self-reported items [35], including the following three items

concerning subjective cognitive problems: “Q18. Do your family or friends point out your

99, <

memory loss? (e.g., “You ask the same question over and over again.)”; “Q19. Do you make a

call by looking up phone numbers?”’; and “Q20. Do you find yourself not knowing today’s

date?” Individuals who answer yes to Q18 or Q20, or who answer no to Q19 are regarded to

be at high-risk of cognitive decline [36]. A previous study showed that at least one or more

negative responses in these three questions could effectively screen for older adults with

potential decline in IADL and at risk of cognitive decline [37]. Thus, respondents of “Kihon

Checklist” having at least one or more negative responses in those three questions were defined

to have SMC in this study.

The Toyota City municipal government screened participants who provided at least one or

more negative responses to questions 18—20, and generated a list of names and addresses that

were provided to Nagoya University. Invitations to the study orientation meeting to residents

who were younger than 85 years old were sent using the provided list. Participants who

10



attended the meeting but met the following criteria were excluded: 1) required support or care

from the Japanese public long-term care insurance system; 2) had significant cognitive function

impairment (i.e., Mini-Mental State Examination (MMSE) [38] score <19); 3) met clinical

criteria for dementia according to the Diagnostic and Statistical Manual of Mental Disorders,

4th Edition [39]; 4) had a severe visual impairment; 5) met clinical criteria for a psychiatric

disorders (i.e., psychosis, major depression); 6) any disability with the basic or IADL; 7) had

a neurodegenerative disease (i.e., Parkinson’s disease); 8) medical contraindications to

exercise; or 9) history of serious cardiovascular, musculoskeletal, respiratory, or

cerebrovascular disease or other severe health issue. Criteria 6 to 9 above were based on self-

reports and 2 to 5 on assessment by medical professionals. At baseline, we collected

demographic information (i.e., age, sex, education) and information about currently prescribed

medications. Additionally, blood samples were obtained, and the apolipoprotein E (APOE)

phenotypes were determined using a turbidimetric immunoassay with a commercial kit (Apo

E auto N series [Daiichi]; Sekisui Medical Co. Ltd, Tokyo, Japan).

Randomization

After completion of the baseline assessment, participants were randomly assigned to one

of the four groups using a minimization algorithm [40]. The randomization factors were the

age (=75 vs. <75 years old), sex, years of education (>10 vs. <10 years of education), presence
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or absence of amnesia, and MMSE scores (>24 vs. 20-23). We ensured equal distribution of

these relevant factors in each group. Amnesia status was defined according to the Alzheimer’s

Disease Neuroimaging Initiative criteria [41]. The allocation list was provided by an

independent statistician not involved in the intervention or assessment of the participants or

data collection.

Intervention

Participants in the AT, RT, and CT groups exercised under the supervision of well-trained

fitness instructors for 60 minutes/day, two days/week, for a total of 52 sessions over the first

26 weeks. The training intensity of the exercises in this study was regulated using ratings of

perceived exertion (RPE). The target RPE was a rating of “Easy” (i.e., a rating of “11”) for

weeks 1-2, “Somewhat hard” (i.e., a rating of “13”) for weeks 3-12, and “Hard” (i.e., a rating

of “15”) for the remainder of the program. The classes consisted of three parts: 10-minute

warm-up, 40 minutes of core training activities, and 10-minute cool down. Attendance was

recorded at each session, and this value was used to calculate adherence. The intervention was

conducted at local gyms which are public facilities in Toyota City. Participants were required

to visit the gym by themselves (no transportation was provided by those who conducted the

study).
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Aerobic exercise training protocols

This program comprised 40 minutes of core content including 10—15 minutes of step-in-

place exercises, 10—15 minutes of a walking program, and intervals for rest and monitoring

heart rate. In reference to RPE, we regulated the intensity using the targeted heart rate. To

achieve the target heart rate, exercise intensity was increased after each monitoring interval

until the target heart rate reserve (HRR) was achieved. HRR was calculated using the Karvonen

method [42]. The target heart rate zone was 40% HRR for weeks 1-2, 50% HRR for weeks 3—

8, 60% HRR for weeks 9—12, and 70% HRR for the remainder of the program, regardless of

the participants’ demographic characteristics, medication, physical functions at the baseline,

and prior levels of exercise experience. Resting heart rates at the baseline were measured with

an automated blood pressure sphygmomanometer, and heart rates before, during, and after

workouts were measured using wearable devices. Aside from the structured program in class,

outdoor walking was recommended to the AT group. The participants in the AT group were

asked to keep a notebook where they recorded the amount of time spent walking, their heart

rate before and after exercise, and their daily total steps according to a pedometer.

Resistance exercise training protocols

This program involved elastic resistance training and bodyweight exercises. Two types of

elastic tubes, each with a different stiffness, were given to each participant. Participants were
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asked to advance their effort in a manner consistent with the progression identified above by

changing the grip width or rubber stiffness of the elastic tubes to achieve a greater resistance.

Elastic resistance training consisted of bicep curls, chest presses, side raises, seated rowing, leg

presses, hip abduction, and side bends. Body weight exercises consisted of shrugs, knee ups,

trunk curls, squats, kneeling kickbacks, toe raises, and calf raises. Two sets of each exercise

were performed with 10 repetitions each. Aside from the structured program in class, home-

based exercise was recommended to the RT group. The participants in the RT group were asked

to keep a notebook where they recorded the amount of time spent on home-based exercise, the

number of times they completed the training sessions, and the RPE.

Combined exercise training protocols

This program combined the AT and RT programs. The progression of exercise intensity was

the same as that in the AT and RT program, while the amount of time spent on each type of

training was halved. For aerobic training, step-in-place exercises or the walking program

alternated between each class. For resistance training, each exercise was performed for one set.

RT programs were performed before AT programs at each session. Aside from the structured

program in class, both outdoor walking and home-based exercises were recommended to those

in the CT group.
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Control

Participants in this group were asked to attend educational classes 2 times during the 26-

week intervention period. The classes provided information about health promotion regarding

aging, healthy diet, and prevention of cerebrovascular disease. These classes did not provide

specific instructions regarding exercise, physical activity, or cognitive health.

Measurements

Primary outcome

A neuropsychological test battery was performed by well-trained clinical psychologists,

speech therapists, and occupational therapists to examine the cognitive function of the

participants. The primary outcome was memory function changes, because memory

impairment confirmed by neuropsychological testing is the most common syndromic

presentation of AD [43]. The Logical Memory II subtest of the Wechsler Memory Scale-

Revised (WMS-R) score [44] was chosen as the primary outcome because of its known

sensitivity to predicting the risk of converting to dementia [45].

Secondary outcomes

The secondary outcomes include the following measures of cognitive function: the MMSE

for global cognition; the Logical Memory I and Visual Reproduction I subtest of the WMS-R
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for immediate memory; the Visual Reproduction II subtest of the WMS-R for delayed memory;

the Digit Span Forward and Visual Memory Span Forward subtest of the WMS-R for memory

span; the Digit Span Backward and Visual Memory Span Backward subtest of the WMS-R for

working memory; the Category Fluency (animal naming) Test and Letter Fluency Test for

verbal fluency; the Digit Symbol subtest of the Wechsler Adult Intelligence Scale-IIT (WAIS-

IIT) [46], the Stroop Test [47] Color and Trail Making Test [48] part A for processing speed;

and the Stroop Test Colored Word and Trail Making Test part B for executive function.

Exploratory outcomes

Physical function

As exploratory outcomes, muscle strength, gait speed, exercise capacity, balance ability,

and basic mobility skill were measured. Muscle strength was assessed using grip strength for

the upper extremities and timed chair stands [49] for the lower extremities. A portable grip

strength dynamometer (GRIP-D; Takei Ltd., Niigata, Japan) was used to measure dominant

hand grip strength. Gait speed was assessed in different conditions, normal walking, in which

participants were asked to walk at their preferred speed; and maximal walking, in which

participants were asked to walk at their maximal speed. Exercise capacity was assessed using

the 6-minute walking test [50]. Participants were instructed to walk as far as possible in a 6-

minute period along a 10-meter course. Balance ability was assessed by the one-legged
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standing test, and basic mobility skill was assessed by the timed Up & Go test [S1].

Physical activity

Participants were asked to wear a uniaxial accelerometer (Kenz Lifecorder; Suzuken Co.,

Ltd., Nagoya, Aichi, Japan) to obtain daily physical activity data. Participants were required to

attach the device to their waist while they are awake for 14 consecutive days and were blinded

to their counts. The monitors counted steps (steps/day) and recorded the amount of time spent

at specific activity intensities (the device records a signal of 0, 0.5, 1-9 every 4 seconds while

worn). Based on the Kumahara’s criteria [52], the intensities were defined as follows: 1 to 3 as

light (<3 metabolic equivalents [METS]), 4 to 6 as moderate (3—6 METS), and 7 to 9 as

vigorous (> 6 METYS) intensity of physical activity.

Statistical analyses

Baseline characteristics were compared among the four groups (three treatment groups and

one control group) using chi-square statistics for categorical variables and one-way analysis of

variance (ANOVA) with Bonferroni-adjusted pairwise comparison for continuous variables.

The primary analysis of effect on the cognitive functions, physical functions, and physical

activity were based on intention-to-treat (ITT) analysis by a Mixed-effect Model Repeated

Measure (MMRM), with group allocation and time as fixed effect, and the subject as a random
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effect, using the data collected at three time points (baseline, postintervention, and follow-up).

For stratified analysis, according to the amnesia status, the ITT cohort was divided into two

groups: amnesia and non-amnesia. Baseline characteristics of cognitive functions were

compared between the two groups (amnesia and non-amnesia) using chi-square statistics for

categorical variables and Student’s t-test for continuous variables. Outcomes within the two

groups (amnesia and non-amnesia) were compared among the four groups (three treatment

groups and one control group) using chi-square statistics for categorical variables and ANOVA

with Bonferroni-adjusted pairwise comparison for continuous variables, respectively.

Differences in those outcome measures in amnesia stratified patients were compared using

MMRM.

All analyses were performed using SAS Version 9.4 for Windows (SAS Institute, Inc., Cary,

NC) and IBM SPSS statistics for Windows version 24.0 (IBM Corp. Armonk, NY). We used a

type I error rate of p<<0.05 (two-tailed) to indicate statistical significance for the efficacy of the

outcomes.

RESULTS

A total of 415 participants who did not meet our exclusion criteria were randomly assigned

to one of the four groups: n=104 in the AT group, n=102 in the RT group, n=104 in the CT

group, and n=105 in the control group. Overall, 378 (91%) participants completed assessments
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at the postintervention stage and 362 (87%) at the follow-up. Figure 1 shows the detailed

workflow. Average adherence to the exercise training programs was 82.5, 85.9, and 83.5% for

the AT, RT, and CT groups, respectively.

Baseline demographics and characteristics of the participants are shown in Table 1. The mean

age and education as well as proportion of women, presence of amnesia, and presence of the

APOE ¢4 allele of the four groups were not significantly different. The baseline means for the

neuropsychological and physical function tests, and the daily physical activity data of the four

groups also did not differ significantly.

Table 2 and 3 show the change in outcomes from baseline in the ITT cohorts. A significant

beneficial effect of the intervention for cognitive functions, physical functions, and physical

activity with reference to the control group was observed for several parameters. For the

cognitive functions at the postintervention, compared to the control group, only the AT group

had significantly improved performance in the WMS-R Logical Memory II test (p=0.037). At

follow-up, no significant beneficial effects of the intervention on cognitive functions were

observed. For the physical functions at the postintervention, compared to the control group, the

AT and CT groups had significantly improved performance in the timed chair stands (p=0.006

and 0.001, respectively), normal walking (p=0.001 and 0.014, respectively), maximal walking
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(»=0.001 and 0.009, respectively), 6-minute walking test (»p<0.0001 and p=0.002, respectively),

and timed Up & Go test (p<0.0001 and p=0.001, respectively). The AT group also had

significantly improved step numbers (p=0.004) and moderate intensity activity time (p=0.003)

compared to the control group. The RT group had significantly improved performance in the

grip strength (p=0.011), timed chair stands (p=0.001), maximal walking (p=0.002), and timed

Up & Go test (p=0.0004), though no significant differences in physical activity were observed.

At the follow-up, compared with the control group, the AT group had significantly improved

performance in the timed chair stands (p=0.004), 6-minute walking test (»p=0.016), and timed

Up & Go test (p=0.005), and the RT group had significantly improved performance on the

timed chair stands (p<0.0001), maximal walking (p=0.0001), and timed Up & Go test

(»=0.011), while the CT group had significantly improved performance in the timed chair

stands (p=0.0002), and timed Up & Go test (p=0.030). The RT group also significantly

improved on the light intensity activity time (p=0.022) compared with the control group.

Secondly, subgroup analysis stratified by the amnesia status was performed. Baseline

demographics and characteristics of cognitive functions of the participants groups stratified by

the amnesia status are shown in Table 4. Compared with the non-amnesia group, the amnesia

group’s mean age and education were significantly high (p=0.040 and 0.029, respectively),

whereas the proportion of women was significantly lower (p<0.0001). The presence of the
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APOE &4 allele was not significantly different across groups. The performance of the MMSE

(»=0.001), WMS-R Logical Memory I (p<0.0001) & II (»p<0.0001), WMS-R Visual

Reproduction T (p<0.0001) & II (p<0.0001), WMS-R Digit Span Backward (p=0.007),

Category Fluency Test (p<0.0001), Letter Fluency Test (p=0.005), WAIS- III Digit Symbol

(p=0.002), Stroop Test Color (p=0.012) & Colored Word (p=0.002), and Trail Making Test part

A (p=0.007) & B (p<0.0001) were also significantly lower. In both groups, the mean age and

education as well as the proportion of women and presence of APOE &4 allele across the four

groups were not significantly different. A significant difference was observed for only the

WMS-R Digit Span Forward test in the amnesia group in terms of baseline cognitive function

(p=0.037).

Table 5 and 6 show the changes in cognitive functions from baseline in the ITT cohorts

according to the amnesia status. In the amnesia group, no significant beneficial effect of the

intervention was observed at both the postintervention and the follow-up assessments. In the

non-amnesia group, the AT group had significantly improved performance in the WMS-R

Logical Memory I & II (p=0.048 and 0.002, respectively), and the CT group significantly

improved performance on the WMS-R Logical Memory I test (p=0.034) compared to the

control at postintervention. However, no significant differences were observed across all

groups at follow up.
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DISCUSSION

The TOPICS trial was designed as a proof-of-concept RCT to evaluate the effects of various

exercise modalities including AT, RT, and CT on cognitive function, using a relatively large

sample recruited from at-risk community-dwelling older adults in Japan. The dropout rate was

low, and adherence to interventions was relatively high. We hypothesized that CT would be

more effective on cognitive performance than AT or RT because CT was reportedly more

effective on physical functioning or global health than a single exercise modality [17]. Further,

we also hypothesized that the effect of training would be more pronounced in the non-amnesia

group than in the amnesia group.

However, the AT, and not RT or CT showed short-term beneficial effects on the primary

outcome. Participants in the AT group showed a significant improvement in delayed memory

function (i.e., in WMS-R Logical Memory II) compared to those in the control group at

postintervention assessment. Further, all three treatment groups showed improvement in

muscle strength, gait speed, and basic mobility skill at postintervention assessment. However,

improvements in physical activity (average daily step number and moderate intensity activity

time) were observed only in the AT group. These results suggest that any improvement in

physical activity but not in physical functions might be beneficial for memory improvement. A
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previous cross-sectional study showed that moderate to vigorous physical activity, rather than

light physical activity, was associated with better performance in memory and executive

function [53], which partially agrees with our results. We expected the CT group to perform

better than the other groups, because the CT was reportedly more effective on physical

functioning or global health than a single exercise modality [17]. In the current study the total

amount of time spent on exercise was equal for the three treatment groups, which gave the CT

group less time for each training session than for the single modality exercise groups of the AT

and RT interventions. This could have led to the reduced effect of CT in the current study. Some

systematic reviews and meta-analyses of RCTs on aerobic exercise interventions have reported

that either there is no evidence supporting that exercise improves cognitive function [54, 55]

or that there are limited benefits to specific cognitive domains [26]. Jonasson et al. showed that

aerobic exercise had the potential to improve cognition in a broad sense, and that the change

was positively associated with the change in thickness of dorsolateral prefrontal cortex [56].

Further, ten Brinke et al. showed aerobic training significantly increased hippocampal volume

[57]. Erickson et al. also showed that aerobic exercise training increased the hippocampal

volume and that a change in size of the hippocampus was associated with increased serum

levels of brain-derived neurotrophic factor and improved memory [18]. These results support

our results anatomically and physiologically.
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Our results did not show any improvements in secondary outcome variables. The WMS-R

Visual Reproduction II in delayed memory scales did not have beneficial intervention effects.

It is not clear why only verbal learning and memory of stories (i.e., WMS-R Logical Memory

II), and not visual learning and memory of designs (i.e., WMS-R Visual Reproduction II) had

beneficial effects. Umfleet et al. showed that both the WMS-R Logical Memory II and WMS-

R Visual Reproduction II performances were significantly correlated with hippocampal

volumes, while only WMS-R Visual Reproduction II was also correlated with volumes of

temporal lobe, amygdala, and lateral ventricle [58]. These 2 scales in delayed memory were

correlated differently with regional brain volumes, which might be relevant to our results.

Although some systematic reviews and meta-analyses of RCTs on exercise interventions

showed improvement in executive function [59, 60], our results did not show significant

improvement. The baseline data with regard to executive functions in this study showed well-

preserved performance that indicated very small cognitive decline. Ceiling effects might have

influenced the result.

The results of the present study are inconsistent with a previous RCT, including older adults

with MCI, which directly compared the efficacy of AT versus RT on cognitive function [61].

The study showed that both intervention groups had no improvement in delayed memory

performance, though the AT group remembered significantly more items in the loss after the
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interference condition of the Rey Auditory Verbal Learning Test. These discrepancies in results

may have been due to differences in the clinical stages of cognition. We expected that the effect

of intervention was more pronounced in the non-amnesia group than in the amnesia group.

Indeed, the results of the subgroup analysis according to amnesia status showed that only the

non-amnesia group had beneficial effects of AT on memory function. These results suggested

that the AT may be beneficial for older adults with SMC despite unimpaired performance on

cognitive tests, as in SCD [27]; however, the AT may be not be beneficial for older adults with

objective memory decline as in MCI.

No significant improvements in primary and secondly outcomes were detectable for any

group at follow-up. Specifically, the performance in the WMS-R Logical Memory II test at

follow-up was better than at baseline and postintervention in the three treatment groups and

even in the control group. Practice or placebo effects might have influenced this result. As in a

previous study [10], practice effects of repeated cognitive testing might occur in both the

intervention and control groups. It is hard to conclude that there was no effect by exercises

based only on these results.

One of the strengths of this trial was that our data collection comprised a wide range of

physical functions, body compositions, and physical activity, which could act as mediators for

25



the association between exercise and cognitive functions. Aging is accompanied not only by

cognitive decline, but also by changes in physical function and body composition. Some studies

have demonstrated a correlation of sarcopenia [62] with cognitive decline [63] and brain

atrophy [64]. Burns et al. suggested that some aspects of the pathophysiology of sarcopenia

and Alzheimer’s disease may be shared, such as systemic anabolic and inflammatory

abnormalities [64]. We aim to clarify the impact of physical exercise modalities on cognitive

functions through future analyses.

The present study has several limitations. First, the possibility of practice or placebo effects

on cognitive function cannot be excluded. In addition, there was also a possibility that the

improvement observed in the exercise group resulted from social contact across the training

groups. It may be impossible to completely exclude this factor in the study design. Second, no

examinations were conducted during the follow-up period. Although the participants were

instructed to perform daily activities as usual during the follow-up period, the interventions

might have affected their usual lifestyle. The influence of interventions on behavioral changes

needs to be addressed in future studies. Third, there is also a possibility that the type of

transportation used by the participants might have affected the results. Toyota city, as the home

town of Toyota Motor Corporation does not have a sufficient railway system, which suggests

that private cars could be a dispensable transportation [65]. Although information about the
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type of transportation used by the participants were not collected, the influence of type of

transportation to the gym or distance from home to the gym needs to be analyzed.

In conclusion, the current study suggests that the AT intervention can improve delayed

memory function in older adults, particularly in individuals without objective memory decline.

The findings of the current study could be applied to the development of evidence-based

guidelines for educating and training the public, health professionals, and policy makers for

the dementia risk reduction as encouraged by the recent consensus paper by the International

Research Network on Dementia Prevention [66].
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27,790 recipients of “Kihon Checklist” sent
by Toyota City
\

20,156 respondents of “Kihon Checklist”
|
4,441 having subjective memory
complaints from “Kihon Checklist”

856 participants in an orientation meeting

504 participants who consented to
participate in the study
T
I

51 excluded
18 having any medical problem
31 refused to participate
2 nonparticipants of baseline
assessment

453 at baseline assessment

T
|

415 participants randomized

38 excluded
27 having any medical problem
8 MMSE<20
2 refused to participate

l

104 randomized to

Aecrobic training group

102 randomized to 104 randomized to

Resistance training group

Combined training group

105 randomized to

Control group

12 discontinued intervention
9 having any medical problem
3 refused to participate

, 7 discontinued intervention
=i 4 having any medical problem
{3 refused to participate

__i 6 discontinued intervention
6 having any medical problem

12 lost to follow-up
4 having any medical problem
§ refused to participate

92 completed postintervention
assessments at 26 weeks

95 completed postintervention
assessments at 26 weeks

98 completed postintervention
assessments at 26 weeks

93 completed postintervention
assessments at 26 weeks

88 completed follow-up

assessments at 52 weeks
4 nonparticipants of post assessment

89 completed follow-up

assessments at 52 weeks
6 nonparticipants of post assessment

97 completed follow-up
assessments at 52 weeks

1 nonparticipants of post assessment

88 completed follow-up
assessments at 52
weeks
5 nonparticipants of post assessment

Figure 1. Workflow detailing participant recruitment and criteria
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Table 1. Baseline characteristics of the participant groups

AT group RT group CT group Control group
(n=104) (n=102) (n=104) (n=105)
Mean SD Mean + SD Mean + SD Mean SD p
Demographic characteristics

Age, years 72.25 4.56 7233 = AT7 7261 * 452 72.10 4.61 0.884
Education, years 11.48 247 1147 = 242 1156 + 214 11.30 2.62 0.889
Female, % 47.1% 48.0% 41.3% 51.4% 0.531
Amnesia, % 41.3% 40.2% 40.4% 41.0% 0.998
APOE ¢4 allele carrier, % 21.2% 20.6% 16.3% 21.0% 0.668

Cognitive functions
Grobal Cognition
MMSE 2642 * 249 26.07 * 246 2637 * 266 2630 + 272 0.774
Immediate Memory
WMS-R Logical Memory | 1583 * 6.13 1457 = 579 1454 + 5.68 1444 + 7.17 0.324
WMS-R Visual Reproduction | 3232 + 615 3222 + 572 3221 + 541 3233 * 633  0.998
Delayed Memory
WMS-R Logical Memory Il 10.75 £ 6.22 986 * 6.07 9.75 * 549 10.19 +* 6.91 0.653
WMS-R Visual Reproduction Il 2267 * 10.48 2191 + 10.00 2214 * 957 2317 * 9.68 0.801
Memory Span
WMS-R Digit Span Forward 612 * 170 593 * 179 568 =+ 1.89 615 * 1.82 0.219
WMS-R Visual Memory Span Forward 830 * 196 819 * 165 860 * 169 834 * 170 0.390
Working Memory
WMS-R Digit Span Backward 523 * 140 531 =+ 148 517 * 1.63 517 =+ 1.48 0.893
WMS-R Visual Memory Span Backward 739 + 164 727 + 148 766 + 158 762 + 167 0.247
Verbal Fluency
Category Fluency Test 1583 = 411 16.35 * 4.37 16.60 = 4.27 1615 = 3.79 0.588
Letter Fluency Test 858 + 359 877 + 301 875 + 357 877 + 339 0.970
Processing Speed
WAIS-III Digit Symbol 53.60 * 14.36 53.72 * 15.29 5350 * 1381 55.93 * 14.06 0.559
Stroop Test Color, s 17.79 * 437 17.71 + 510 18.09 * 556 1764 * 401 0.916
Trail Making Test part A, s 4553 * 1771 4492 +* 16.66 4417 * 1295 4348 * 14.17 0.792
Executive Function
Stroop Test Colored Word, s 3547 * 1215 3422 + 1329 3546 + 1201 3412 * 1046 0.750
Trail Making Test part B, s 12966 + 6456 127.82 * 6039 12378 * 5233 121.77 * 56.03 0.754

Physical functions
Muscle Strength
Grip Strength, kg 2799 = 727 2799 * 8.00 2881 + 848 2832 + 753 0.856
Timed Chair Stands, s 88 =+ 217 892 =+ 275 943 + 224 917 =+ 236 0.308
Gait Speed
Normal Walking, m/s 146 + 020 145 + 021 140 + 018 142 + 019 0.095
Maximal Walking, m/s 179 + 026 176 + 028 176 + 024 179 + 030 0.737
Exercise Capacity
6-minute Walking Test, m 44458 + 6195 44284 + 63.05 438.68 + 63.22 44578 * 64.12 0.859
Balance Ability
One-legged Standing Test, s 3431 + 2273 3393 + 2250 36.69 * 21.16 3661 + 2238 0.715
Basic Mobility Skill
Timed Up & Go Test, s 733 + 118 727 + 113 745 + 117 722 + 113 0.513

Physical activity
Step Number, steps/day 6833.67 + 3562.77 6627.41 + 3284.43 6851.87 + 3660.72 6528.77 + 327754 0.884
Light intensity Activity Time, min/day 47.91 1852 4989 =+ 1927 4790 =+ 2371 @ 47.89 20.66 0.87
Moderate intensity Activity Time, min/day 20.00 1876 1707 + 1651 2080 + 1968 17.77 16.94  0.395
Vigorous intensity Activity Time, min/day  1.54 4.55 155 + 451 107 + 167 1.37 2.97 0.763

Abbreviations: AT = Aerobic exercise Training; RT = Resistance exercise Training; CT = Combined exercise Training; SD = Standard Deviation;
MMSE = Mini-Mental State Examination; WMS-R = Wechsler Memory Scale-Revised; WAIS-111 = Wechsler Adult Intelligence Scale-111;
Note: In bold, significant differences among the 4 groups
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Table 2. Changes at the postintervention from baseline in the intention-to-treat cohorts

AT group RT group CT group Control group
(n=104) (n=102) (n=104) (n=105)
M ean changes from baseline (95% CI)
Cognitive functions
Grobal Cognition
MM SE 075 (030 -120 ) 078 (033 -123 ) 054 (011 - 097 ) 061 ( 0.16 - 1.06 )
Immediate Memory
WM S-R Logical Memory | 166 (070 - 262 ) 178 (084 -272 ) 176 (084 -268 ) 111 ( 0.17 - 2.05 )
WM S-R Visual Reproduction | 0.78 (-0.18 - 1.74 ) 055 (-039 - 149 ) 032 (-060 - 1.24 ) 120 ( 024 - 216 )
Delayed Memory
WM S-R Logical Memory Il 274 (182 - 366 )* 187 (097 -277 ) 188 (100 - 276 ) 136 (044 - 228 )
WM S-R Visual Reproduction 11 251 ( 1.06 - 3.96 238 (09 -381 ) 146 (007 -285 ) 335 (192 - 335 )
Memory Span
WM S-R Digit Span Forward -0.27 (-0.54 -0.001 ) 0.07 (-0.18 - 0.32 ) -0.07 (-0.32 - 018 ) -0.11 (-0.38 - 0.16 )
WMS-R Visual Memory Span Forward 0.17 ( -0.14 - 048 ) 0.08 (-0.21 - 037 ) -0.06 (-0.35 - 0.23 ) -0.16 (-0.47 - 0.15 )
Working Memory
WM S-R Digit Span Backward 026 (001 -051 ) 021 (-0.04 - 046 ) 020 (-0.05 - 045 ) 024 (-001 - 049 )
WMS-R Visual Memory Span Backward 0.17 ( -0.12 - 046 ) 0.27 (-0.02 - 056 ) 0.03 (-0.26 - 0.32 ) 0.10 (-0.19 - 0.39 )
Verbal Fluency
Category Fluency Test 025 (-055 - 105 ) 035 (-045 - 115 ) 0.16 (-0.62 - 094 ) 129 ( 049 - 209 )
Letter Fluency Test 0.01 (-0.62 - 0.64 ) 012 (-049 - 073 ) -0.13 (-0.74 - 048 ) 0.04 (-0.59 - 0.67 )
Processing Speed
WAIS-111 Digit Symbol 071 (-0.88 - 230 ) 123 (-032 -278 ) 065 (-0.88 - 218 ) 206 ( 049 - 3.63 )
Stroop Test Color 0.23 (-044 - 090 ) -0.16 (-0.81 - 049 ) -0.15 (-0.80 - 0.50 ) 0.07 (-0.58 - 0.72 )
Trail Making Test part A 133 (-1.12 - 378 ) -2.02 (-443 - 039 ) -029 (-2.66 - 2.08 ) 030 (-2.13 - 273 )
Executive Function
Stroop Test Colored Word -0.80 (-2.43 - 083 ) -0.68 (-2.29 - 093 ) -140 (-297 - 017 ) 068 (-093 - 229 )
Trail Making Test part B <413 ( 1803 - 477 ) 129 (-747 -1005) 004 (-856 - 864 ) 426 (-458 -13.10)
Physical functions
Muscle Strength
Grip Strength 029 (-038 - 09 ) 116 (049 - 183 )* 057 (-0.08 - 1.22 ) -0.07 (-0.76 - 0.62 )
Timed Chair Stands -0.68 ( -1.09 - -0.27 )* -0.83 ( -1.24 - -0.42 )* -0.83 ( -1.24 - -0.42 )* 0.16 (-0.25 - 0.57 )
Gait Speed
Normal Walking 0.09 ( 005 - 0.13 )* 005 ( 0.01 - 009 ) 0.07 (0.03 - 011 )* 0.01 (-0.03 - 0.05 )
M aximal Walking 0.06 ( 0.02 - 0.10 )* 005 ( 0.01 - 0.09 )* 0.04 ( -0003 - 0.08 )* -0.04 (-0.08 - 0.002 )
Exercise Capacity
6-minute Walking Test 46.50 (36.82 -56.18 )*21.85 (12.32 -31.38 ) 34.09 (24.70 -43.48 )* 1254 ( 2.84 -22.24)
Balance Ability
One-legged Standing Test 0.66 (-2.63 - 3.95 ) -0.27 (-350 - 296 ) -356 (-6.74 --0.38 ) -1.08 (-441 - 2.25 )
Basic Mobility Skill
Timed Up & Go Test -0.77 (-0.97 - -0.57 )* -0.65 ( -0.83 - -0.47 )* -0.61 ( -0.79 - -0.43 )* -0.16 ( -0.36 - 0.04 )
Physical activity
Step Number 1459.36 ( 102028 - 1898.44 )* 46660 ( 32.73 - 90047 )  739.94 ( 31293 - 116695 ) 54063 (19534 - 98592 )
Light intensity Activity Time 701 (419 - 983 ) 560 (282 -838 ) 421 (147 -6.95 ) 484 (198 - 7.70 )
M oderate intensity Activity Time 6.13 ( 366 - 860 )* 035 (-208 - 278 ) 256 (017 - 495 ) 069 (-1.82 - 3.20 )
Vigorous intensity Activity Time 0.84 (015 - 153 ) -0.07 (-0.74 - 060 ) 065 (-0.02 - 132 ) 0.30 (-0.39 - 0.99 )

Abbreviations: AT = Aerobic exercise Training; RT = Resistance exercise Training; CT = Combined exercise Training; Cl = Confidence Interval;
MMSE = Mini-Mental State Examination; WMS-R = Wechsler Memory Scale-Revised; WAIS-111 = Wechsler Adult Intelligence Scale-111;
Note: * in bold, p <0.05; significant beneficial effect of the intervention by reference to the control group were analyzed by mixed-effect model repeated

measure
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Table 3. Changes at the follow-up from baseline in the intention-to-treat cohorts

AT group RT group CT group Control group
(n=104) (n=102) (n=104) (n=105)
M ean changes from baseline (95% CL)
Cognitive functions
Grobal Cognition
MM SE 099 (052 -146 ) 042 (-005 - 089 ) 082 (037 -1.27 ) 045 (-0.02 - 092 )
Immediate Memory
WM S-R Logical Memory | 268 (158 -378 ) 315 (205 -425 ) 314 (210 - 418 ) 298 ( 188 - 4.08 )
WM S-R Visual Reproduction | 190 (104 -276 ) 102 (016 - 188 ) 156 (074 -238 ) 132 (046 - 218 )
Delayed Memory
WM S-R Logical Memory Il 370 (262 - 478 ) 403 (295 - 403 ) 387 (283 -491 ) 345 (235 - 455 )
WM S-R Visual Reproduction 11 473 (334 -6.12 ) 447 (3.08 -586 ) 432 (297 - 567 ) 556 (415 - 6.97 )
Memory Span
WM S-R Digit Span Forward -0.45 (-0.74 --0.16 ) 013 (-0.16 - 042 ) 001 (-0.28 - 0.30 ) -0.13 (-0.44 - 0.18 )
WMS-R Visual Memory Span Forward -0.06 ( -0.37 - 0.25 ) 0.27 (-0.04 - 058 ) -0.02 (-0.33 - 0.29 ) -0.11 (-0.42 - 0.20 )
Working Memory
WM S-R Digit Span Backward 0.25 (-0.02 - 052 ) 022 (-0.05 - 049 ) 004 (-023 - 031 ) 017 (-0.10 - 0.44 )
WMS-R Visual Memory Span Backward -0.02 ( -0.31 - 0.27 ) 030 (001 -059 ) 039 (010 - 068 ) 020 (-0.09 - 0.49 )
Verbal Fluency
Category Fluency Test 128 (036 -220 ) 032 (-060 - 124 ) 097 (009 -185 ) 122 (030 - 214 )
Letter Fluency Test 0.04 (-065 - 073 ) 013 (-056 - 082 ) -0.18 (-0.85 - 049 ) -0003 (-0.69 - 0.69 )
Processing Speed
WAIS-111 Digit Symbol 302 (155 -449 ) 415 (266 - 564 ) 121 (-020 - 262 ) 394 (245 - 543 )
Stroop Test Color 0.03 (-0.70 - 0.76 ) -0.30 (-103 - 043 ) -0.19 (-0.90 - 052 ) 052 (-0.21 - 1.25 )
Trail Making Test part A -2.18 (-487 - 051 ) -4.05 (-6.74 --136 ) -224 (-481 - 033 ) -252 (-522 - 0.18 )
Executive Function
Stroop Test Colored Word 051 (-243 - 345 ) -1.02 (-39 - 192 ) 001 (-279 - 281 ) -1.66 (-4.60 - 1.28 )
Trail Making Test part B -8.38 ( 7 --003 ) -479 ( 3% -356 ) 103 (-6.99 - 9.05 ) -1.69 ( 00 - 668 )
Physical functions
Muscle Strength
Grip Strength 179 ( 108 -250 ) 175 ( 1.04 -246 ) 127 ( 060 -194 ) 108 ( 037 -179 )
Timed Chair Stands -1.17 (-152 --0.82 )*-1.60 (-1.95 --1.25 )* -1.39 (-1.72 - -1.06 )* -0.44 ( -0.79 - -0.09 )
Gait Speed
Normal Walking 0.05 (001 -009 ) 004 (0.003 - 008 ) 005 (001 -0.09 ) 001 (-0.03 - 0.05 )
M aximal Walking 0.03 (-0.01 - 007 ) 0.09 ( 0.05 - 0.13 )* 0.01 (-0.03 - 0.05 ) -0.03 (-0.07 - 0.01 )
Exercise Capacity
6-minute Walking Test 45.08 (35.30 -54.86 )* 40.41 (30.71 -50.11 ) 36.50 (27.07 -45.93 ) 27.97 (18.13 -37.81 )
Balance Ability
One-legged Standing Test 185 (-158 - 528 ) 544 (197 -891 ) 036 (-291 - 363 ) 151 (-2.00 - 502 )
Basic Mobility Skill
Timed Up & Go Test -0.72 ( -0.96 - -0.48 )* -0.68 ( -0.92 - -0.44 )* -0.61 (-0.85 - -0.37 )* -0.24 ( -0.48 - -0.01 )
Physical activity
Step Number 1430.74 (| 92453 - 1936.95 ) 1295.44 ( 78692 - 1803.96 ) 97473 ( 49245 - 145701 ) 77453 (  258.66 - 129040 )
Light intensity Activity Time 932 (6.01 -1263 ) 1228 ( 8.95 -15.61 )* 7.39 ( 421 -1057 ) 6.71 ( 3.34 -10.08)
M oderate intensity Activity Time 485 (185 -785 ) 180 (-1.22 - 482 ) 291 (005 -577 ) 165 (-141 - 471 )
Vigorous intensity Activity Time 047 (-024 - 118 ) 038 (-0.33 - 109 ) 018 (-049 - 085 ) 021 (-0.50 - 092 )

Abbreviations: AT = Aerobic exercise Training; RT = Resistance exercise Training; CT = Combined exercise Training; Cl = Confidence Interval;
MMSE = Mini-Mental State Examination; WMS-R = Wechsler Memory Scale-Revised; WAIS-111 = Wechsler Adult Intelligence Scale-111;
Note: * in bold, p <0.05; significant beneficial effect of the intervention by reference to the control group were analyzed by mixed-effect model repeated

measure
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Table 4. Baseline characteristics of cognitive functions of the participant groups by the amnesia status

Overall AT group RT group CT group Control group
Mean £ SD Mean £+ SD  Mean + Mean £+ SD Mean £ SD p
Amnesia group

(n=169) (n=43) (n=41) (n=42) (n=43)
Age, years 7288 + 473 * 7333 + 521 7227 + 437 7326 * 425 7265 + 508 | 0.700
Education, years 11.76 + 2431 * 1165 + 236 1180 + 260 11.71 + 245 1188 + 239 0.974
Female, % 34.3% * 44.2% 29.3% 23.8% 39.5% 0.179
APOE &4 allele carrier, % 21.9% 20.9% 29.3% 16.7% 20.9% 0.550
Grobal Cognition
MMSE 2577 + 264 * 2567 + 248 2566 + 240 2598 + 276 2577 £+ 296 0944
Immediate Memory
WMS-R Logical Memory | 10.78 + 485 * 1198 + 466 1061 + 431 1124 + 457 928 + 551 0.066
WMS-R Visual Reproduction | 3095 + 624 * 3086 + 647 3120 + 550 3148 + 552 3030 + 7.40 @ 0.844
Delayed Memory
WMS-R Logical Memory I 513 + 371 * 583 + 364 493 + 352 538 + 382 433 * 382 0252
WMS-R Visual Reproduction [l 18.80 + 10.63 * 18.14 + 11.32 1895 + 1072 19.14 + 993 1898 + 10.83 0.973
Memory Span
WMS-R Digit Span Forward 582 + 174 542 + 140 6412 + 195 545 + 166 @ 6.28 * 180 0.037
WMS-R Visual Memory Span Forward 820 + 161 795 + 165 837 + 167 843 + 145 807 + 165 0.463
Working Memory
WMS-R Digit Span Backward 498 + 149 * 477 + 134 515 + 154 49 + 1.38 507 + 168 0.671
WMS-R Visual Memory Span Backward 7.31 + 1.62 719 + 171 715 + 146 764 + 156 728 + 174 0.486
Verbal Fluency
Category Fluency Test 1511 + 345 * 1433 + 257 1576 + 392 1555 + 348 1484 + 363 0.203
Letter Fluency Test 815 + 353 * 802 + 38 844 + 336 852 + 354 765 % 339 0.649
Processing Speed
WAIS-1II Digit Symbol 5154 + 1400 * 4947 + 1358 5141 + 1576 5217 + 13.16 53.14 + 13.65 0.665
Stroop Test Color, s 1852 + 494 * 1840 + 418 1863 + 6.21 1824 + 461 1879 + 475 0.958
Trail Making Test part A, s 4708 + 17.20 * 51.02 + 2140 47.46 + 1894 4534 + 1341 4450 + 1353 0.302
Executive Function
Stroop Test Colored Word, s 3710 + 1285 * 39.75 + 1395 34.86 + 11.77 3879 + 13.38 34.98 + 11.84 0.177
Trail Making Test part B, s 138.57 + 61.94 * 152.06 + 66.67 134.00 + 61.23 130.03 + 48.87 137.78 + 68.68 0.384

Non-amnesia group

(n=246) (n=61) (n=61) (n=62) (n=62)
Age, years 7194 + 448 * 7149 + 390 7238 + 506 7216 * 468 7173 + 426 @ 0.688
Education, years 1124 + 239 * 1136 + 256 1125 + 229 1145 + 192 1090 = 2.71 0.588
Female, % 55.7% * 49.2% 60.7% 53.2% 59.7% 0.530
APOE &4 allele carrier, % 18.3% 21.3% 14.8% 16.1% 21.0% 0.712
Grobal Cognition
MMSE 26.65 + 248 * 2695 + 238 2634 + 248 2663 + 258 26.68 + 251 | 0.610
Immediate Memory
WMS-R Logical Memory | 1764 + 549 * 1854 + 559 1723 + 511 16.77 = 528 1802 + 592 0.283
WMS-R Visual Reproduction | 3317 + 547 * 3334 + 574 3290 + 581 3271 + 532 3374 + 507 0.726
Delayed Memory
WMS-R Logical Memory Il 1358 + 510 * 1418 + 532 1318 + 509 1271 + 437 1426 + 551 0.250
WMS-R Visual Reproduction Il 25.01 + 853 * 2587 + 858 2390 + 903 2418 + 884 26.08 + 7.61 0.361
Memory Span
WMS-R Digit Span Forward 6.08 + 1.84 661 + 173 580 + 167 584 + 203 6.06 + 185 0.058
WMS-R Visual Memory Span Forward 846 + 1.85 854 + 213 807 + 163 871 + 184 853 + 1.73 0.249
Working Memory
WMS-R Digit Span Backward 539 + 148 * 556 + 136 543 + 143 532 + 177 524 + 134 0671
WMS-R Visual Memory Span Backward 7.61 + 1.57 754 + 159 736 + 151 768 + 161 785 + 159 0.354
Verbal Fluency
Category Fluency Test 1700 + 439 * 16.89 + 465 16.75 + 463 1731 + 463 17.06 = 3.65 0.909
Letter Fluency Test 911 + 324 * 897 + 337 900 + 276 890 + 361 955 * 320 0.667
Processing Speed
WAIS-III Digit Symbol 56.01 + 1437 * 56,51 + 1430 5526 + 1490 5440 + 1427 5787 + 1411 0.564
Stroop Test Color, s 1732 + 461 * 1736 + 448 1710 * 414 1798 * 6.15 1684 + 3.22 0.557
Trail Making Test part A, s 4276 + 1387 * 4166 + 1346 4321 + 1486 4338 + 1268 42.76 * 14.66 0.905
Executive Function
Stroop Test Colored Word, s 3326 + 1111 * 3253 + 981 3379 + 1430 3321 + 1050 3352 + 9.44 0.933
Trail Making Test part B, s 116.92 + 54.17 * 113.87 + 58.57 123.66 + 59.97 119.54 + 5454 110.67 + 42.41 0.552

Abbreviations: AT = Aerobic exercise Training; RT = Resistance exercise Training; CT = Combined exercise Training; SD = Standard Deviation;
MMSE = Mini-Mental State Examination; WMS-R = Wechsler Memory Scale-Revised; WAIS-111 = Wechsler Adult Intelligence Scale-111;

Note: In bold, significant differences among the 4 groups

* p <0.05; significant differences between amnesia group and non-amnesia group
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Table 5. Cognitive functions changes at the postintervention from baseline by the Amnesia status

AT group RT group CT group Control group
M ean changes from baseline (95% CI)

Amnesia group

(n=43) (n=41) (n=42) (n=43)
Grobal Cognition
MM SE 065 (-0.09 - 139 ) 068 (-0.06 - 142 ) 040 (-031 - 111 ) 0.26 (-0.47 - 0.99 )
Immediate Memory
WM S-R Logical Memory | 131 (-0.16 - 278 ) 294 (149 - 439 ) 119 (-022 - 260 ) 231 (086 - 3.76 )
WM S-R Visual Reproduction | 038 (-1.34 - 210 ) 0.07 (-165 - 179 ) 102 (-0.65 - 269 ) 0.77 (-094 - 248 )
Delayed Memory
WM S-R Logical M emory 11 254 (109 -399 ) 384 (239 -529 ) 215 (076 - 354 ) 302 (159 - 445 )
WM S-R Visual Reproduction 11 154 (-0.89 - 397 ) 189 (-054 - 432 ) 182 (-051 - 415 ) 324 (085 - 563 )
Memory Span
WM S-R Digit Span Forward -0.33 (-0.74 - 0.08 ) 037 (-0.04 - 078 ) 0.13 (-0.26 - 052 ) -0.17 (-0.58 - 0.24 )

WMS-R Visual Memory Span Forward | -0.03 ( -0.52 - 0.46 ) 0.8 (-0.31 - 0.67 ) -0.08 (-0.55 - 0.39 ) -0.09 (-0.58 - 0.40 )

Working Memory
WM S-R Digit Span Backward 0.09 (-032 - 050 ) 0.18 (-0.23 - 059 ) 010 (-0.29 - 049 ) 0.08 (-0.33 - 049 )
WMS-R Visual Memory Span Backward 0.20 ( -0.29 - 0.69 ) 0.43 (-0.06 - 092 ) -0.09 (-0.56 - 0.38 ) 0.03 (-0.44 - 050 )

Verbal Fluency

Category Fluency Test -0.46 (-1.77 - 085 ) 113 (-016 - 242 ) 051 (-0.74 - 1.76 ) 129 ( 0.02 - 256 )
Letter Fluency Test -0.33 (-133 - 067 ) 027 (-0.73 - 127 ) -0.14 (-110 - 0.82 ) 0.29 (-0.69 - 127 )
Processing Speed
WAIS- Il Digit Symbol 0.89 (-1.89 - 367 ) -134 (-410 - 142 ) -086 (-353 - 181 ) 194 (-0.80 - 468 )
Stroop Test Color 093 (-0.21 - 207 ) 001 (-113 - 115 ) 0.10 (-0.98 - 1.18 ) -0.52 (-1.64 - 0.60 )
Trail Making Test part A 133 (-259 - 525 ) -1.15 (-5.05 - 275 ) 277 (-099 - 653 ) -0.32 (-4.18 - 3.54 )
Executive Function
Stroop Test Colored Word -0.65 (-3.32 - 202 ) 082 (-181 - 345 ) -224 (-477 - 029 ) 133 (-1.26 - 392 )
Trail Making Test part B -432 ( %3 -1175) 395 ( 2% -1996 ) 446 ( -1°% -19.87 ) 6.80 (-9.00 -22.60 )
Non-amnesia group

(n=61) (n=61) (n=62) (n=62)
Grobal Cognition
MM SE 083 (028 -138 ) 082 (027 -137 ) 065 (010 - 120 ) 085 ( 030 - 1.40 )
Immediate Memory
WM S-R Logical Memory | 201 (078 - 324 )* 099 (-021 - 219 ) 212 ( 092 - 3.32 )* 024 (-099 - 1.47 )
WM S-R Visual Reproduction | 1.10 ( 9% - 220 ) 080 (-0.26 - 1.86 ) -0.21 (-1.27 - 0.85 ) 155 ( 045 - 2.65 )
Delayed Memory
WM S-R Logical Memory |l 281 (163 - 399 )* 062 (-052 - 176 ) 178 (064 -292 ) 019 (-099 - 1.37 )
WM S-R Visual Reproduction | 334 (162 - 506 ) 246 ( 077 - 415 ) 110 (-059 - 279 ) 359 (187 - 531 )
Memory Span
WM S-R Digit Span Forward -0.25 (-0.60 - 0.10 ) -0.12 (-0.47 - 023 ) -0.21 (-056 - 0.14 ) -0.06 (-0.41 - 0.29 )

WMS-R Visual Memory Span Forward = 0.32 ( -0.07 - 0.71 ) -0.03 (-042 - 0.36 ) -0.04 (-043 - 0.35 ) -0.18 (-0.57 - 0.21 )

Working Memory
WM S-R Digit Span Backward 038 (005 -071 ) 024 (-0.09 - 057 ) 0.27 (-0.06 - 060 ) 035 ( 0.02 - 0.68 )

WMS-R Visual Memory Span Backward 0.16 ( -0.21 - 053 ) 0.16 (-0.21 - 051 ) 0.10 (-0.27 - 047 ) 0.15 (-0.22 - 0.52 )
Verbal Fluency

Category Fluency Test 0.74 (-0.28 - 1.76 ) -0.18 (-1.18 - 0.82 ) -0.08 (-1.08 - 0.92 ) 131 ( 029 - 233 )
Letter Fluency Test 0.27 (-053 - 1.07 ) -0.01 (-0.79 - 0.77 ) -0.14 (-0.92 - 0.64 ) -0.09 (-0.89 - 0.71 )
Processing Speed

WAIS-I1I Digit Symbol 060 (-126 - 246 ) 286 ( 1.06 - 466 ) 169 (-011 - 349 ) 214 ( 0.28 - 4.00 )
Stroop Test Color 023 (-1.01 - 055 ) -0.28 (-1.04 - 048 ) -035 (-1.11 - 041 ) 051 (-0.27 - 1.29 )
Trail Making Test part A 1.08 (-2.04 - 420 ) -2.44 (-548 - 060 ) -2.27 (-531 - 0.77 ) 081 (-2.31 - 3.93 )
Executive Function

Stroop Test Colored Word -0.99 (-3.05 - 1.07 ) -151 (-351 - 049 ) -089 (-289 - 1.11 ) 027 (-179 - 233 )
Trail Making Test part B -4,02 ( 42 - 625 ) -0.05 ( 100 - 999 ) -3.01 ( 8% - 699 ) 234 (-7.93 -12.61 )

Abbreviations: AT = Aerobic exercise Training; RT = Resistance exercise Training; CT = Combined exercise T raining; Cl = Confidence Interval;

MMSE = Mini-Mental State Examination; WMS-R = Wechsler Memory Scale-Revised; WAIS-111 = Wechsler Adult Intelligence Scale-111;

Note: * in bold, p <0.05; significant beneficial effect of the intervention by reference to the control group were analyzed by mixed-effect model repeated
measure
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Table 6. Cognitive functions changes at the follow-up from baseline by the Amnesia status

AT group RT group CT group Control group
M ean changes from baseline (95% CI)
Amnesia group
(n=43) (n=41) (n=42) (n=43)
Grobal Cognition
MMSE 0.88 (008 -168 ) 008 (-072 - 088 ) 059 (-017 - 135 ) 0.06 (-0.74 - 0.86
Immediate Memory
WM S-R Logical Memory | 153 (-023 -329 ) 327 (151 -503 ) 371 (202 -540 ) 3.09 (133 - 485
WM S-R Visual Reproduction | 182 (027 -337 ) 090 (-065 -245 ) 173 (026 -320 ) 168 (015 - 3.21
Delayed Memory
WM S-R Logical Memory 11 340 (173 - 507 ) 509 (342 -676 ) 477 (318 - 636 ) 440 ( 275 - 6.05
WM S-R Visual Reproduction 11 363 (130 - 59 ) 441 (208 -6.74 ) 490 ( 267 - 713 ) 6.68 (435 - 9.01
Memory Span
WM S-R Digit Span Forward -0.70 (-1.23 --0.17 ) 0.16 (-0.35 - 067 ) 0.10 (-0.39 - 059 ) 0.12 (-0.41 - 0.65
WMS-R Visual Memory Span Forward 0.09 (-0.46 - 064 ) 0.13 (-042 - 068 ) -0.17 (-0.70 - 0.36 ) 0.02 (-0.53 - 0.57
Working Memory
WM S-R Digit Span Backward 0.08 (-0.33 - 049 ) 052 (011 -093 ) 0.06 (-033 - 045 ) 0.12 (-0.29 - 0.53
WMS-R Visual Memory Span Backward 0.12 (-0.35 - 059 ) 040 (-0.09 - 089 ) 035 (-0.10 - 0.80 ) 0.35 (-0.12 - 0.82
Verbal Fluency
Category Fluency Test 089 (-050 - 228 ) 095 (-044 -234 ) 171 (040 -302 ) 141 (004 - 278
Letter Fluency Test 036 (-0.70 - 142 ) 011 (-095 - 117 ) -0.68 (-168 - 0.32 ) 1.09 ( 0.03 - 215
Processing Speed
WAIS- Il Digit Symbol 425 (198 -652 ) 408 (181 -635 ) 054 (-162 - 270 ) 4.67 (240 - 6.94
Stroop Test Color 020 (-1.17 - 157 ) -036 (-1.73 - 1.01 ) -0.37 (-168 - 094 ) 0.15 (-1.22 - 152
Trail Making Test part A 132 (-284 - 548 ) -547 (-961 --133 ) -154 (-546 - 238 ) -3.43 (-759 - 0.73
Executive Function
Stroop Test Colored Word 264 (-199 - 727 ) 140 (-3.17 - 597 ) -2.22 (-655 - 211 ) -1.68 (-6.25 - 2.89
Trail Making Test part B -551 ( 2470 -10.68 ) -0.86 ( 6% -1527 ) 832 (-7.03 -23.67 ) -0.40 ( ‘%% -1569
Non-amnesia group
(n=61) (n=61) (n=62) (n=62)
Grobal Cognition
M M SE 1.07 (050 - 1.64 ) 061 (0.04 - 118 ) 097 (042 - 152 ) 0.72 (015 - 1.29
Immediate Memory
WM S-R Logical Memory | 355 (218 -492 ) 306 (171 -441 ) 273 (142 - 404 ) 285 (148 - 422
WM S-R Visual Reproduction | 201 (103 -299 ) 106 ( 0.08 -204 ) 141 (045 - 237 ) 113 ( 013 - 213
Delayed Memory
WM S-R Logical Memory |l 382 (239 -525 ) 337 (194 -480 ) 334 (195 -473 ) 277 (132 - 422
WM S-R Visual Reproduction | 5,62 (397 - 727 ) 433 (268 -598 ) 382 (223 -541 ) 492 (325 - 6.59
Memory Span
WM S-R Digit Span Forward -0.30 (-0.67 - 0.07 ) 013 (-024 - 050 ) -0.04 (-0.39 - 0.31 ) -0.28 ( -0.65 - 0.09
WMS-R Visual Memory Span Forward = -0.15 ( -0.54 - 024 ) 0.33 (-0.06 - 0.72 ) 0.08 (-0.29 - 045 ) -0.18 (-0.57 - 0.21
Working Memory
WM S-R Digit Span Backward 0.37 (-00002 - 0.74 ) 0.01 (-0.36 - 0.38 ) 0.03 (-0.32 - 038 ) 0.20 (-0.17 - 0.57
WMS-R Visual Memory Span Backward -0.12 ( -0.51 - 0.27 ) 0.23 (-0.16 - 062 ) 041 ( 0.04 - 0.78 ) 0.11 (-0.28 - 0.50
Verbal Fluency
Category Fluency Test 155 (033 -277 ) -011 (-134 - 112 ) 047 (-0.71 - 165 ) 110 (-0.13 - 2.33
Letter Fluency Test -0.15 (-1.05 - 0.75 ) 014 (-0.76 - 1.04 ) 0.15 (-0.71 - 1.01 ) -0.70 ( -1.60 - 0.20
Processing Speed
WAIS-III Digit Symbol 223 (029 -417 ) 417 (221 -643 ) 1.69 (-0.19 - 357 ) 3.39 (143 - 535
Stroop Test Color -0.10 (-0.88 - 068 ) -0.26 (-1.04 - 052 ) -0.09 (-0.85 - 0.67 ) 0.80 ( -0001 - 1.60
Trail Making Test part A 470 (-815 --125 ) -292 (-637 - 053 ) -261 (-594 - 0.72 ) -1.97 (-5.44 - 1.50
Executive Function
Stroop Test Colored Word -0.89 (-469 - 291 ) -243 (-6.23 - 137 ) 149 (-218 - 516 ) -152 (-534 - 2.30
Trail Making Test part B -10.39 ( 109 - -169 ) -7.28 ( 1692 - 146 ) -3.94 ( 1235 - 447 ) -271 ( 1% - 6.07

Abbreviations: AT = Aerobic exercise Training; RT = Resistance exercise Training; CT = Combined exercise T raining; Cl = Confidence Interval;
MMSE = Mini-Mental State Examination; WMS-R = Wechsler Memory Scale-Revised; WAIS-111 = Wechsler Adult Intelligence Scale-111;
Note: * in bold, p <0.05; significant beneficial effect of the intervention by reference to the control group were analyzed by mixed-effect model repeated

measure
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