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Purpose: The purpose of this study was to explore the effects of an innovative momentum-based
dumbbell-training intervention on cognitive function in older adults with mild cognitive
impairment (MCI).

Subjects and methods: A total of 45 community-dwelling older adults with MCI were
randomly assigned to either a dumbbell-training group (DTG; n=22) or a control group (CG;
n=23). Participants in the DTG participated in exercise sessions three times weekly for 12 weeks.
The primary outcome measures were cognitive function, including the Alzheimer’s Disease
Assessment Scale (ADAS) — Cognitive subscale, Trail Making Test part B, Digit Span Test
(DST) — forward, and DST — backward, with secondary outcome measures being Timed Up
and Go, functional reach, and the Activities-Specific Balance Confidence Scale.

Results: In an intent-to-treat analysis, participants in the DTG had significantly improved
ADAS - Cognitive subscale scores compared to those in the CG (5.02 points, P=0.012). There
was a significant within-group change (improvement) in Trail Making Test part B (33.32 seconds,
P<0.001) and DST — backward (0.41 points, P=0.025) scores. No change was observed for
the DST — forward measure. Participants in the DTG also improved their functional mobility
compared to those in the CG (Timed Up and Go, 0.81 seconds; P=0.043).

Conclusion: There is preliminary evidence showing the potential benefit of momentum-based
dumbbell training for improving cognitive function in older adults with MCI.

Keywords: exercise intervention, cognition, physical performance, older adults, mild cognitive
impairment

Introduction

With the escalation of the aging population worldwide, dementia has become a major
public health concern. In 2010, the number of older adults worldwide living with
dementia was estimated to be 35.6 million; the number is expected to double by 2030
and more than triple by 2050." In the People’s Republic of China (PRC), 67 million
people live with dementia, with an incidence rate between 5% and 7% for people
65 years of age and older.

Alzheimer’s disease (AD) is the most common form of dementia, accounting
for 60%—-70% of cases. If the disease onset could be delayed by 12 months, there
would be 9.2 million fewer cases of AD.? Therefore, early diagnosis and treatment
are becoming critically important in order to reduce the prevalence of dementia in
the elderly. Mild cognitive impairment (MCI) is a transitional state between healthy
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aging and dementia.* Elderly individuals with MCI are at
higher risk for developing AD, with estimates ranging from
10% to 15% annually, while this rate among normal elderly
individuals is only 1%-2%.*

Given that no effective pharmacological treatment exists
for individuals with MCI to alter or slow the progression
of cognitive decline,’” there has been growing interest in
adopting lifestyle-change approaches, such as exercise,
to prevent and/or reduce risk of developing dementia.
Observational studies have shown that people who have
MCI but are physically active tend to have slower cogni-
tive decline and slower progression to dementia in later
life.®'2 Randomized controlled studies have demonstrated
that exercise or physical activity (eg, aerobic exercise,
resistance training, multimodal exercises) may well provide
cognitive benefits, including improved global cognitive
function, executive function, memory, attention,*'> and
brain health!®!” to older adults with cognitive disorders.
Therefore, exercise has many health benefits that positively
impact cognitive function and reduce vascular risks for
developing dementia.'®

In this proof-of-concept study, we explored whether a
momentum-based dumbbell-training intervention would
improve cognitive function in older adults with MCI.
Momentum-based dumbbell training is a self-initiated
spinning exercise that uses dumbbells to generate momen-
tum while performing exercise movements with varying
configurations aimed at concurrently challenging physical
and cognitive abilities. Our approach was based on pre-
liminary findings showing that the use of momentum-based
bodybuilding equipment (eg, dumbbells and barbells) was
safe and feasible, and improved mobility, balance, strength,
posture stability, and quality of life.!*? Building on this
preliminary work,* the main purpose of our study was to
explore the effects of momentum-based dumbbell training
on cognitive function in older adults with MCI. A secondary
purpose was to examine its effects on physical performance.
It was hypothesized that spinning dumbbell training would
lead to improvement in cognitive function and physical
performance among older adults with MCIL.

Subjects and methods
Study design

We conducted a pilot randomized controlled trial with two
experimental groups: a dumbbell-training group (DTG) and
a control group (CG), with participants in the DTG taking
part in an exercise session three times per week for 12 weeks.
The study protocol was approved by the ethics committee

of the Shanghai University of Sport, and written informed
consent was obtained from all study participants.

Participants

Participants were recruited from three communities in
Shanghai, PRC. Study eligibility criteria were: 1) =65 years
of age; 2) memory complaint with typical general cognitive
function (Mini-Mental Status Evaluation [MMSE]*! =24,
Montreal Cognitive Assessment [MoCA]*? <26;* 3) the
ability to perform daily living activities (Activities of
Daily Living scale <26);* and 4) not clinically demented.*
Individuals were excluded if they: 1) had any musculoskeletal
or joint problems, major neurological, cardiac, or cerebro-
vascular diseases, or other medical diseases associated with
cognition and physical performance; 2) were unable to make
a 12-week commitment during the study period; or 3) were
participating in any regular physical activities or exercise
programs.

Recruitment, randomization,

masking, and baseline measurement
Participants were recruited primarily through initial contacts
with community leaders and presentations at community cen-
ters, where study protocols (assessment, group assignment,
and training) were described in detail. Those who qualified
for study eligibility were assigned randomly to either the
DTG or CG. Group-allocation sequence was generated
through a computer-generated list and was delivered by a
research-team staff member. Assessors who conducted out-
come assessments were blind to group allocation. Baseline
assessment, which included demographics, anthropometrics,
cognitive function, and physical performance, was completed
in a research laboratory at the Shanghai University of Sport.
Intervention began within 1 week after the baseline assess-
ment was completed.

Intervention

Intervention group
The protocol used in this study was based on a pilot study
in which we showed that momentum-based dumbbell train-
ing was safe and suitable for healthy middle-aged and older
adults, and improved their mobility, balance, well-being, and
sleep quality.?® Participants in the DTG participated three
times per week over 12 weeks in a 60-minute momentum-
based dumbbell-training class. All classes were conducted
at local senior centers.

The momentum-based dumbbell is a handheld device
with two built-in eccentric pendulums (-9 cm in length)
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at each end. Each dumbbell is 32 cm in length, 22 cm in
diameter, and weighs 1.92 kg. Both the size and weight of
the dumbbell were fixed for all participants.?®

The dumbbell training involved instructor-led handheld
dumbbell-spinning exercises performed on the front part or
lateral side of the body (Figure 1). Specifically, the spinning
motion was done in different directions (eg, clockwise
and counterclockwise, forward and backward) and body
sides (front, Figure 1A and B; left/right, Figure 1C and D).
Each individual spinning exercise lasted 1-2, minutes with
repetitions set at 45 minutes. The initial exercise sessions
focused on acclimatizing participants to the movement
forms, and followed an easy—difficult progression of short
duration (1 minute) with multiple rest breaks. Exercises pro-
gressed to longer intervals (1.5-2 minutes), with a 1-minute
break between each exercise set. The level of exercise
difficulty was tailored to the capabilities of participants.

Once most of the participants had mastered the movement,
a different movement with a new position or spinning direc-
tion and longer exercise duration was adopted to increase
the challenge.

Each training session began with 5 minutes of
warm-up involving light stretching of the major upper-
and lower-extremity muscles, followed by 50 minutes of
dumbbell-spinning exercises and a 5-minute cooldown
period. Intervention sessions were delivered by two
physical education students who were trained by a master
instructor involved in the design and training protocol of
the intervention.

Control group

The study used a passive control condition in which partici-
pants were instructed to maintain a regular lifestyle routine
without starting any new exercise activities.
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Figure | Pictorial representation of dumbbell spinning.

Notes: (A) Spinning motion in front of the body, dumbbell in a vertical position (in either clockwise or counterclockwise direction); (B) spinning motion in front of the body,
dumbbell in a horizontal position (in either forward or backward direction); (C) spinning motion on the side of the body, dumbbell in a vertical position (in either clockwise
or counterclockwise direction); (D) spinning motion on the side of the body, dumbbell in a horizontal position (in either clockwise or counterclockwise direction).
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Measures

Primary outcomes
The study had three primary outcome measures, each of
which is described in the following paragraphs.

The Chinese version?” of the Alzheimer’s Disease
Assessment Scale — Cognitive subscale (ADAS-Cog)*® was
used to assess global cognitive function. The ADAS-Cog
consists of 12 cognitive tests evaluating memory, language,
praxis, and attention. ADAS-Cog scores ranged from 0 to 75,
with higher scores indicating greater severity of CI. In this
study, 12-week test-retest reliability was 0.60, with 91.9%
sensitivity and 89.5% specificity.”

The Trail Making Test part B (TMT-B; Chinese version)
was used to assess executive function.?>° The TMT-B is a
time-based test (in seconds) that requires participants to track
letters and numbers alternately (eg, 1, A, 2, B, 3, C). The
12-week test-retest reliability was 0.83, with 87% sensitivity
and 90% specificity.?’

The Digit Span Test — forward (DST-F; Chinese version)
and DST — backward (DST-B; Chinese version) were used
to assess immediate memory and attention.”’ During each
test, participants were asked to recall the numbers in forward
order (DST-F) or in backward order (DST-B), which were
presented at the rate of one every second. The 12-week
test—retest reliability for the two tests was 0.80 and 0.73,
respectively, with 46% sensitivity (77% specificity) and 77%
sensitivity (78% specificity),” respectively.

Secondary outcomes

There were three secondary outcome measures used. The
Timed Up and Go (TUG) test was used to assess functional
mobility. Participants were asked to stand up from a chair,
walk 3 m, turn around, and return to the chair.?! The 12-week
test—retest reliability for this test was 0.76, with 87%
sensitivity and 100% specificity.*?

The functional reach test was used to assess forward
stability. Participants were asked to reach forward as far as
possible while maintaining their balance without moving
their feet.* The 12-week test—retest reliability for this test
was 0.72, with 62% sensitivity and 92% specificity.*

The Activities-Specific Balance Confidence scale
assesses participants’ perceived confidence in performing
balance-related activities.** Participants were required to rate
their confidence in performing each activity without falling
on a 1-5 scale, with 1 indicating “not at all confident” and
5 indicating “completely confident”. The 12-week test—retest
reliability for this test was 0.83, with 65% sensitivity and
77% specificity.*

Statistical analysis

Data were analyzed using intent to treat. Baseline characteristics
of the study participants were analyzed using analysis of vari-
ance for continuous variables and a y” test for categorical vari-
ables. Repeated-measure analysis of variance (group X time)
was performed to assess the effects of intervention on cognitive
function and physical performance. Important covariates, such
as age, sex, education, and health status, were included in the
initial analyses. Because results were not altered, the final
results were based on unadjusted model testing. An olevel
of 0.05 was considered statistically significant. Data analyses
were performed using SPSS software (version 20.0; IBM
Corporation, Armonk, NY, USA).

Sample size

We calculated that a sample size of 40 participants would
provide 80% power (at a two-tailed o-level of 0.05) for
detecting differences between groups for an effect size of 0.4
in the ADAS-Cog.* Assuming a 10% attrition rate, the study
recruited a total of 44 participants (22 per group).

Results

Sample characteristics

A total of 220 individuals were screened. Of these, 175 were
excluded for such reasons as not meeting eligibility criteria,
being unwilling to participate, or being unavailable due to
time conflicts. A final pool of 45 qualified individuals were
randomized, with 22 assigned to DTG and 23 assigned to CG
(Figure 2). Demographic, anthropometric, cognitive, medi-
cation, and comorbidity characteristics of the participants
at baseline are shown in Table 1. There were no significant
differences between the two groups with regard to baseline
descriptors (P>0.05).

Compliance and adverse events

One participant in the DTG dropped out due to family-
related issues and two dropped out in the CG for reasons
related to health and traveling; 42 participants completed
the 12-week intervention. The average attendance for the
DTG was 31 sessions (of 36 total, range 24-36 sessions).
There were no adverse events observed during the course
of intervention.

Change in primary outcomes

At the end of the 12-week intervention, participants in the
DTG showed significant improvement in the ADAS-Cog
(F=6.95, P=0.012) compared to those in the CG (Table 2).
Participants in the DTG exhibited a significant pre- to
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220 assessed for eligibility

175 excluded
* 108 not meeting criteria

v

» 32 refused to participate
¢ 35 other reasons

45 randomized

22 assigned to training intervention

A 4

1 lost to follow-up

y

22 included in analysis

Figure 2 Flowchart of participants from screening to completion of the study.

postintervention improvement in TMT-B (#=3.42, P=0.003)
and DST-B (1=-2.41, P=0.025) scores. However, there was a
significant within-group pretest—posttest change in TMT-B
scores (t=3.14, P=0.005) observed in the CG.

Change in secondary outcomes

Compared to those in the CG, participants in the DTG showed
significant improvement in the TUG test (F=4.34, P=0.043).

Table | Baseline characteristics of trial participants

Variable Mean (SD) P-value
DTG (n=22) CG (n=23)

Age (years) 69.00 (3.83) 70.43 (5.53) 0.320
Female, n (%) 16 (72.7) 16 (69.6) 0.815%
Education (years) 9.82 (2.75) 9.52 (2.61) 0.713
BMI (kg/m?) 24.75 (3.44) 23.90 (2.58) 0.352
MMSE (0-30) 27.23 (1.63) 26.43 (2.00) 0.153
MoCA (0-30) 20.59 (2.92) 20.96 (2.70) 0.665
Medication use (0-23)? 0.77 (0.61) 0.70 (0.76) 0.712
Comorbidities (0-8)° 1.27 (0.83) 1.48 (1.04) 0.468

Notes: “Measured on 23 medical conditions (eg, heart disease, stroke, diabetes,
depression, cancers); measured on eight categories of comorbid conditions
(eg, neurological, psychiatric/mood, heart/circulation, pulmonary); *? test.
Abbreviations: BMI, body mass index; CG, control group; DTG, dumbbell-
training group; MMSE, Mini-Mental State Examination; MoCA, Montreal Cognitive
Assessment; SD, standard deviation.

23 assigned to control intervention

v

2 lost to follow-up

A 4

23 included in analysis

There was no between-group difference in other outcomes
(Table 3).

Discussion

In this study, we explored the potential health benefit of
a novel, momentum-based dumbbell-training interven-
tion on cognitive function in older adults with MCI. The
results indicated that compared to a control condition,
a 12-week dumbbell-training intervention significantly
improved cognition, as indicated by the positive change in
the ADAS-Cog score. Though no between-group difference
was observed, there was a significant within-group change
(improvement) in TMT-B and DST-B measures, indicating
apositive trend in these domain-specific cognitive measures.
Compared to those in the CG, the DTG participants showed
a concomitant improvement in the mobility measure of the
TUG test. The intervention was shown to have satisfactory
compliance, as indicated by the low attrition rate (<5%),
good attendance rate (mean 31 sessions), and no adverse
events. These observations collectively suggest the feasibil-
ity of implementing the novel intervention in a community
setting and the safety in performing momentum-based
dumbbell-spinning exercises with older adults with MCI.
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Results from this pilot study support growing evidence
that shows physical activity or exercise benefits cognitive
function in older adults with MCI.*%7 The finding on the
improved ADAS-Cog scores is consistent with previous
exercise-based interventions involving home-based aerobic!'
and multimodal exercises.!* To the best of our knowledge,
this is the first time that a momentum-based dumbbell-
training approach has been used to target change in cognition
function. Although the study was exploratory in nature,
the findings suggest that dumbbell training is potentially
beneficial and may be considered an exercise modality for
preventing decline in cognitive function or delaying the onset
of dementia in older adults with MCI.

In addition to demonstrating improvement in cogni-
tive measures, the study also showed improved functional
mobility, as measured by the TUG test. This finding may be
attributed to the fact that dumbbell training is considered
a strength-based exercise modality, which may have an
impact on lower-limb strength, control of center of mass,
and coordination. This may in turn help promote functional
activities (ie, sit-to-stand, walking, turning, and stand-to-sit)
that are relevant to older adults’ activities of living. To ensure
the relevance of the training to promoting healthy aging,
future studies should consider assessing change in cognitive
function in relation to change in physical performance-based
outcomes.

Although the mechanism by which the intervention
resulted in the positive change in cognitive function is unclear
(apart from the need to engage physically in resistance-based
dumbbell-spinning exercises), the variation in position
changes and movement configurations during the dumbbell-
training sessions engages participants in several features
pertaining to cognition, such as spatiotemporal orientation,
selective attention, and executive control. Integrating motor
and cognitive challenges into the multitasking exercise
routine may have driven the change in cognitive function
among the dumbbell-training participants. Future studies
should further examine the potential value of this modality
by integrating measures of cognition, sensory, and biome-
chanical characteristics (eg, kinematics and kinetics) to gain
insight into how the momentum-based exercise is able to
elicit exercise-induced change in cognitive function.

A major strength of the study is the novelty of using a
dumbbell-spinning exercise intervention to evaluate change in
cognitive function. However, the study has at least two notable
limitations. First, the study used a passive control group. It is
thus possible that the positive findings observed in the exercise
group may have been due in part to extensive contact time

with or attention received from the intervention staff, and/or
the Hawthorne effect. Future studies should establish a better
choice of a control condition to ensure comparable contact
time or attention control. Second, although participants were
selected based on some established cognitive measures, they
were relative healthy and physically mobile, which could
explain the relatively small effect observed.

In conclusion, results from this preliminary study demon-
strated that a 12-week, momentum-based dumbbell-training
intervention improved cognitive function, especially global
cognitive function, in older adults with MCI. Given the prom-
ising results, future studies should evaluate the efficacy of
this novel exercise modality in improving specific dimensions
of cognitive function, and (using a longer follow-up time)
examine the sustainability of its training effects.
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