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in Mild Cognitive Impairment
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Abstract

Physical exercise has been associated with enhanced memory formation and consolidation in patients with mild cognitive

impairment (MCI). This study aimed to investigate the relationship between objective neuropsychological performances and

continuously recorded physical activity. A cut-off value of measured physical activity was used to differentiate early-stage and

late-stage MCI. Fifty-four patients with MCI were included. The relationship between cognitive function and measures of

daily activity measured by continuous three-axis accelerometers in Xiaomi Mi Band, including subject-level average step

counts, average distance (kilometers), and average calorie expenditure per day of 7-day activity, was determined. The slope

of the receiver operating characteristic curve was used to determine the measures of activity to draw comparisons between

early-stage MCI and late-stage MCI. The patients were assessed by using several cognitive tests such as Cognitive Abilities

Screening Instrument and Chinese Version Verbal Learning Test. The multivariate linear regression model indicated a

significant correlation of higher average step counts per day of 7-day activity (aver-step-counts) with higher score in

visual construction (b¼ 0.355; p¼ .015). To differentiate patients with late-stage MCI from those with early-stage MCI,

the cut-off value of 6,284 steps on aver-step-counts showed an optimal sensitivity and specificity (Youden index¼ 0.36, area

under the curve¼ 0.651, p¼ .042). The aver-step-counts showed a significantly better differentiating rate between patients

with early-stage and late-stage MCI than average calorie expenditure per day of 7-day activity did (p¼ .046). Accelerometer-

determined measures of activity patterns show as potential measurement to reflect cognitive function.
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Introduction

Physical exercise has been associated with enhanced

memory formation and consolidation (Fernandes et al.,

2016). With regard to individuals with mild cognitive

impairment (MCI), two review articles reveal inconclu-

sive results with regard to beneficial effects of exercise on

cognitive function (Gates et al., 2013; Ohman et al.,

2014), while other two meta-analysis studies show aero-

bic exercise significantly improves global cognitive ability

and memory (Strohle et al., 2015; Zheng et al., 2016). Six

months of high-intensity aerobic exercise as measured by

heart rate reserve is shown to have favorable effects on

executive function in patients with MCI (Baker et al.,

2010). Although rigorous controlled training protocols

are associated with improvement in cognition, it is not

widely acceptable for most elderly people (Geda et al.,

2010; Erickson et al., 2011), and it is even inaccessible for

some elderly people with cognitive impairment or low
education (Baker et al., 2010; Geda et al., 2010).

Using physical exercise questionnaire, a population-
based study reported a suggestive association between
physical activity and decreased risk of cognitive decline
(Geda et al., 2010). Exercise-induced enhancement
of neural recruitment in the brain networks (Chirles
et al., 2017; Alfini et al., 2019) might be the potential
mechanisms underlying the relationship between physical
activity and memory improvement in patients with MCI.
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However, the benefit of physical activity diminishes after
discontinuing the aerobic exercise training (Liu-Ambrose
et al., 2016). Since adherence to standardized exercise
training might be difficult and can be influenced by com-
plicate factors for elderly people with MCI (Hancox
et al., 2019), wearable digital technology is one of the
choice for patients with MCI to evaluate the effect of
real-world physical activity on cognition.

Wearable digital technology has been regularly used and
widely adopted by patients and practitioners for physical
activity monitoring (Piwek et al., 2016). Wearable activity
monitors are able to capture free-living mobility data in a
real-world environment, which provide meaningful and
accurate information about each participant and facilitate
data-driven individualized assessment (Case et al., 2015).
Wearable activity trackers such as Jawbone, Fitbit, and
Xiaomi Mi Band contain a triaxial accelerometer and
global positioning system (GPS) and provide acceptable
measurement properties of activity monitors (Straiton
et al., 2018). Using proprietary algorithms, day-level data
of step counts, distance, and calorie expenditure can be
estimated, and Jawbone and Fitbit trackers have been
demonstrated to be valid and reliable devices for measuring
step counts (Takacs et al., 2014; Kelly et al., 2015) and
calorie expenditure (Stahl and Insana, 2014). Xiaomi Mi
Band trackers are shown to have similar accuracies of mea-
suring step counts and calorie expenditure to Jawbone and
Fitbit trackers (Xie et al., 2018). Moreover, Xiaomi Mi
Band has been shown to have high measurement accuracy
(96.56%), relatively low variation (coefficient of var-
iation¼ 5.81), low purchase price ($14), and long battery
life (around 3 weeks; El-Amrawy and Nounou, 2015; Xie
et al., 2018; Mickova et al., 2019). Due to low cost, acces-
sibility, easy operation, and reliability, Xiaomi Mi Band
may help to facilitate mobility monitors, increase physical
activity, and provide health promotion at an affordable
price for most people (El-Amrawy and Nounou, 2015).

The objectives of this study were to (a) perform a
direct relationship analysis between the objective neuro-
psychological tests of each cognitive domain and the
quantified physical activity; (b) explore the cognitive
function that average step counts per day of 7-day activ-
ity (aver-step-counts), average distance (kilometers) per
day of 7-day activity (aver-distance), and average calorie
expenditure per day of 7-day activity (aver-calorie-
expend) were most associated with; and (c) use a cut-
off value of physical activity to differentiate early-stage
MCI and late-stage MCI.

Materials and Methods

Participants

Fifty-four patients with MCI were enrolled from the
Department of Neurology of Chang Gung Memorial

Hospital. MCI patients had a subjective memory com-

plaint, objective memory loss as indicated by scores on

the memory tests (1.5 standard deviations [SDs] below

the education-adjusted normative mean; C. C. Chang

et al., 2010), a global Clinical Dementia Rating (CDR)
score of 0.5 and a score� 0.5 on the memory box of the

CDR, and an absence of dementia (Y. L. Chang et al.,

2011). Participants with coronary artery disease or con-

gestive heart failure, stroke, chronic obstructive pulmo-

nary disease, or renal failure were excluded. In this study,

5 subjects had diabetes mellitus (Seino et al., 2010), 11

subjects had hypertension, and 17 subjects had hyperlip-

idemia. All of these participants were under stable treat-
ment for 3 months before inclusion (Karr, 2017; Cuspidi

et al., 2018).

Study Design

Neurobehavioral testing and activity monitoring were all

performed within duration of 4 weeks. All participants

were asked to do activity normally as they usually did

before and after the study.

Details of Neurobehavioral Examinations

Participants were evaluated of general cognitive perfor-

mance using CDR (Morris, 1993) and Cognitive Abilities

Screening Instrument (CASI; Liu et al., 1994). In addi-

tion to general cognitive performance, CASI was used to

evaluate specific domains, including short-term memory,

attention and concentration, abstraction, visual construc-

tion, language, and list-generating fluency (Meguro et al.,
2001). Verbal memory was evaluated by using CASI-

Short-term memory and the Chinese Version Verbal

Learning Test (CVVLT; C. C. Chang et al., 2010), assess-

ing free recall of number of items retrieved over four

learning trials of a nine-word list after 30 s (CVVLT-

30 s) and after 10 min (CVVLT-10 min). CVVLT-30 s

and CVVLT-10 min were used to evaluate immediate

and delayed free recalls (Lezak, 2004). The Visual
Object and Space Perception (VOSP; Warrington and

James, 1991), Rey–Osterrieth complex figure copy

(Boone, 2000), and CASI-Visual construction were used

to assess the visual-spatial abilities. Attention was

assessed with Digital Span Forward (Weintraub et al.,

2009), CASI-Attention, and CASI-Concentration. The

participants’ executive function was evaluated by using

Trail Making Test B (TMB; corrected; Reitan, 1955) and

Stroop interference test (Amieva et al., 2004). As the cal-
culation ability depends on executive function (Jogi and

Kikas, 2016), calculation ability was evaluated to reflect

part of executive function. Our calculation tests com-

prised two additions, two subtractions, and one multipli-

cation. Each addition and each subtraction consisted of

one and two items, respectively, and the multiplication
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is composed of a multiplicand of greater than 100 and a

multiplier of less than 100 (e.g., 214� 35). Abstract

reasoning was evaluated by using similarities (conceptu-

alization) in frontal assessment battery-Similarities

(Dubois et al., 2000) and CASI-Abstraction. Boston
Naming Test and CASI-Language ability were used to

evaluate language ability in naming (Kaplan et al., 1983).

CASI-List-generating fluency, animal naming, fruit

naming transportation naming, and town naming tests

were used to evaluate semantic category fluency

(Morris et al., 1989).

Activity Monitoring and Data Collection

Xiaomi Mi Band devices (https://www.mi.com/global/

miband/) were given to participants directly with instruc-

tions on activation and authorization of data uploading.

Xiaomi Mi Band is a GPS-enabled Health Band with

allowing for phone-free running while tracking essential

metrics like step counts, distance (kilometers), and calorie

expenditure (https://www.mi.com/global/miband/). The

device contains a three-axis accelerometer that deter-

mines threshold of steps based on motion patterns that
are most indicative of people walking. The device has

wireless automatic syncing features compatible with

smartphone and has a battery life of approximately

14 days. In addition, the app primarily functions as a

command center for Xiaomi Mi Band like account crea-

tion (sign up and login) with allowing Bluetooth pairing.

This authentication granted research personnel permis-

sion to access their real-time device data. The device
automatically transmits activity data to Xiaomi Mi serv-

ers when in proximity of the subject’s BluetoothVR -

enabled smartphone. Participants were asked to wear

the devices all day long for 7 days. Daily information

was collected from all participants using the Xiaomi Mi

Band device: (a) activation/authentication of the device,

(b) number of steps taken per day (step counts), (c) dis-

tance per day (kilometers), and (d) calorie expenditure
per day. The smartwatch adherence was assessed by

checking the records on the mobile app. Each subject’s

heart rate was monitored every 5 min, and the plots of

continuous heart rate were recorded on the app. If the

subjects had any noncompliance episode with the records

showing heart rate as low as 0, he or she would be

requested to wear the devices for further several days to

achieve the goal of 7-day physical activity record.

Data Processing and Transformation

Initial reviews were performed to examine data density,

outliers, and unreasonable values. First, day-level physi-

cal activity data (step counts, distance, and calorie expen-

diture) were obtained for 54 participants in the study.

Activity data from the first and last day were removed

as these data points may be reflective of a partial day

(e.g., participant connects a device the first time on the

second half of the day) or might not completely get

synchronized or uploaded for the last day. Second,

subject-level aver-step-counts, aver-distance, and aver-

calorie-expend were computed, and the data were used

to create a subject-level activity measures. For our sec-

ondary data analyses, subject-level average activity meas-

ures (aver-step-counts, aver-distance-kilometers, and

aver-calorie-expend for entire 7 days) were used as a

proxy for overall physical activity.

Statistical Analyses

All data were expressed as mean�SD. We used partial

correlation to analyze the relationship between each

subject-level average activity measures and each cognitive

function score in all MCI patients. Stepwise regression anal-

yses were carried out to determine the cognitive function

that aver-step-counts, aver-distance-kilometers, and aver-

calorie-expend were most associated with. Age (years), edu-

cation (years), and sex were included as covariates.
We calculated the area under the curve (AUC) of the

receiver operating characteristics (ROC) curves as a mea-

sure of the predictive value of the measures of activity.

Predictive accuracy was assessed by calculating the sen-

sitivity and specificity for the threshold that yielded

the highest Youden index (Youden index¼ sensitivity –

[1 – specificity]). The slope of the ROC curve was used to

determine the measures of activity to draw comparisons

between early-stage MCI, as indicated by scores on the

memory tests being 1.5 SDs below the education-adjusted

normative mean, and late-stage MCI, as indicated by

scores on the memory tests being 2 SDs below the

education-adjusted normative mean (C. C. Chang et al.,

2010; Ye et al., 2014).
All of the statistical analyses were conducted using the

Statistical Package for Social Sciences software (version

18 for WindowsVR , SPSS Inc., Chicago, IL), and a p value

<.05 (two-tailed) was considered statistically significant.

Ethical Guidelines

This study was approved by the Institutional Review

Committee on Human Research of Chang Gung

Memorial Hospital (IRB 201601664B0C601,

201601664B0), and all of the participants were provided

written informed consent. All procedures were in accor-

dance with the 1964 Helsinki declaration and its later

amendments or comparable ethical standards.
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Results

Demographic and Clinical Characteristics

Fifty-four participants completed the study. Their demo-
graphic, activity, and cognitive variables are shown
in Table 1. All participants had CDR of 0.5. The aver-
step-counts, aver-distance-kilometers, and aver-calorie-
expend were 6,935.9� 3,902.0 counts, 4.6� 2.8 km, and
114.0� 73.0 cal. In these participants, education (years)
was significantly correlated with the aver-calorie-expend
(q¼ 0.273, p¼ .045) per day, but not with aver-

step-counts or aver-distance-kilometers (p> .05). Age

(years) was not correlated with any measure of activity
(p> .05). Table S1 in Supplementary Material shows the

correlation of cognitive performances with age (years)
and education (years). Moreover, men of this study had

higher aver-calorie-expend than women of this study—
t(53)¼ 2.162, p¼ .035. Therefore, in the correlation and

regression model, age (years), education (years), and sex
were adjusted for the relationship analyses between cog-

nitive function scores and measures of activity.

Correlates of Physical Activity With Cognitive Function

The correlations between cognitive function scores and
measures of activity are shown in Figure 1 and Table S2

in Supplementary Material. Left panel of Figure 1 dem-
onstrates the relationship between each cognitive score

and each measure of activity by using Spearman correla-
tion tests. Middle and right panel of Figure 1, respective-

ly, demonstrates the relationship between each cognitive
score and each measure of activity after controlling age

(years) and sex, and that after controlling for age (years),
sex, and education (years).

The details of the measures of physical activity and

cognitive performances are shown in Table S2 in
Supplementary Material.

The aver-step-counts were correlated with scores
in CASI-Short-term memory, TMB (corrected), CASI-

Visual construction, and animal naming (p< .05).
Higher score in CASI-Visual construction was indepen-

dently correlated with higher aver-step-counts (b¼ 0.355,
p¼ .015; Table S3 in Supplementary Material).

The aver-distance-kilometers were correlated with

score in TMB (corrected), CASI-Attention, and
CASI-Visual construction (p< .05). Higher score in

CASI-Visual construction was independently correlated
with higher aver-distance-kilometers (b¼ 0.346, p¼ .018;

Table S4 in Supplementary Material).
The aver-calorie-expend was correlated with TMB

(corrected), CASI-Visual construction, and animal
naming (p< .05). Higher scores in animal naming

(b¼ 0.392, p¼ .009) and in CASI-Visual construction

(b¼ 0.342, p¼ .017) were independently correlated with
higher aver-calorie-expend (Table S5 in Supplementary

Material).

Using AUC in Measures of Activity for Detecting

Late-Stage MCI

Participants with MCI were categorized into 30 individ-

uals with early-stage MCI and 24 individuals with
late-stage MCI.

When compared with participants with late-stage
MCI, participants with early-stage MCI did not have

significant higher or lower aver-step-counts, aver-

Table 1. General Characteristics of the Mild Cognitive
Impairment Participants.

Clinical and demographic characteristics

Mean� standard

deviation

Sample size (n) 54

Age (years) 69.7� 8.0

Sex (Female/Male) 31/23

Education (years) 8.7� 5.0

Memory tasks

CASI-Short-term memory 9.3� 9.4

CVVLT-30 s (immediate free recalls) 6.0� 2.1

CVVLT-10 min (delayed free recalls) 5.1� 3.0

CVVLT-cued (memory in cued response) 5.4� 2.7

Abstract reasoning

CASI-Abstraction 9.4� 2.5

FAB-Similarity (conceptualization) 1.6� 1.0

Attention

CASI-Concentration 7.3� 2.6

CASI-Attention 6.9� 0.9

Digital Forward Span 7.6� 1.2

Executive task scores

TMB (corrected) 10.6� 4.2

Stroop interference test 33.6� 12.4

Calculation 4.2� 1.1

Visuospatial task scores

VOSP 8.0� 2.6

Modified ROCF copy 15.3� 3.3

CASI-Visual construction 9.3� 1.5

Language ability

Boston naming test 14.2� 2.6

CASI-Language ability 9.1� 1.2

Semantic category fluency

CASI-List-generating 6.6� 2.4

Animal naming 13.5� 5.2

Fruit naming 11.6� 3.0

Transportation naming 8.5� 2.7

Town naming 12.1� 4.2

Note. Parametric continuous variables presented as mean� standard devi-

ation. CASI¼Cognitive Abilities Screening Instrument; CVVLT¼Chinese

version of the Verbal Learning Test (CVVLT-30 s: free recall after 30 s;

CVVLT-10 min: free recall after 10 min); FAB-Similarities¼ similarities

(conceptualization) in frontal assessment battery; ROCF¼Rey–Osterrieth

complex figure; TMB¼Trail Making Test B; VOSP¼Visual Object and Space

Perception.
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distance-kilometers, and aver-calorie-expend (p> .05)

than those with late-stage MCI.
An ROC analysis was used to evaluate and compare

the potential of measures of activity to differentiate

between participants with early-stage MCI and those

with late-stage MCI. A summary of the comparison of

the AUC for the two MCI groups is shown in Figure 2.

The optimal cut-off values of 6,284 steps on the

aver-step-counts (Youden index¼ 0.36, AUC¼ 0.651,

p¼ .042), 3.7 km on the aver-distance-kilometers

(Youden index¼ 0.28, AUC¼ 0.632, p¼ .081), and 79

kcal on the aver-calorie-expend (Youden index¼ 0.23,

AUC¼ 0.597, p¼ .209) were calculated to differentiate

between early-stage and late-stage MCI. Using a cut-off

value of 6,284 steps on the aver-step-counts showed a

significantly better differentiating rate between partici-

pants with early-stage and late-stage MCI than using a

cut-off value of 79 kcal on the aver-calorie-expend

did (p¼ .046).

Discussion

Main Findings

In this study, we have several main findings. First, after

adequately controlling for the covariates, there was a

direct relationship between cognitive performances and

the measures of activity. The average steps per day were

correlated with score in CASI-Short-term memory,

Figure 1. Correlation between each measure of activity and each cognitive score. The relationship between each cognitive score
and each measure of activity (left panel), after controlling age (years) and sex (middle panel), and after controlling for age (years),
sex, and education (years) (right panel). CASI¼Cognitive Abilities Screening Instrument; FAB¼ frontal assessment battery;
ROCF¼Rey–Osterrieth complex figure; TMB¼Trail Making Test B; VOSP¼Visual Object and Space Perception.

Figure 2. Receiver operating characteristic curve comparing the
utility of different measures of activity for discriminating between
early- and late-stage mild cognitive impairment participants.
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CASI-Visual construction, animal naming, and TMB
(corrected). The average distance (kilometers) per day
was correlated with score in CASI-Attention, TMB (cor-
rected), and CASI-Visual construction. The average cal-
orie expenditure per day was correlated with score in
TMB (corrected) and animal naming. Second, among
the cognition-activity relationship, CASI-Visual con-
struction function was independently associated with
average step per day, average distance (kilometers) per
day, and average calorie expenditure per day. In addi-
tion, score in animal naming was independently associat-
ed with average calorie expenditure per day. Third, to
differentiate early- and late-stage MCI participants,
average step per day showed an optimal sensitivity and
specificity, but average distance (kilometers) per day and
average calorie expenditure per day did not. The perfor-
mance of average steps per day was significantly superior
to that of average calorie expenditure per day.

Average Step Counts per Day and Cognition

In this study, participants with MCI had an average of
6,935.9 (SD¼ 3,902.0) steps per day. Interestingly,
another study (Chen et al., 2019) shows that cognitively
normal older adults with an average age of 69.9
(SD¼ 5.0) years, which is similar to our MCI partici-
pants with an average age of 69.7 (SD¼ 8.0) years,
have an average of 7,454.6 (SD¼ 3,404.4) steps per
day. Although we did not include normal controls
(NCs) in this study, our results, taken together with the
previous study (Chen et al., 2019), suggested that there
was a significant difference in average step counts
between NCs and participants with MCI. Subsequently,
we demonstrated that greater average steps per day were
associated with higher scores in memory, visuospatial
function, semantic category fluency, and executive func-
tion. The findings are consistent with rich literatures sug-
gesting that greater engagement in physical activity is
associated with increased cerebral blood perfusion
(Alfini et al., 2019), changes in brain networks (Chirles
et al., 2017), modulation of brain plasticity (Fernandes
et al., 2017), and activation of noradrenergic system
(Segal et al., 2012). Through these mechanisms, physical
activity is associated with better memory (Fernandes
et al., 2017), executive function (Suzuki et al., 2012),
verbal fluency (Suzuki et al., 2012), and visuospatial
function (Suzuki et al., 2012).

Interestingly, we suggested that more average step
counts per day instead of longer walking distance or
higher burned calories were associated with better cogni-
tion. The finding of importance of step counts is in con-
sistent one recent study demonstrating that physical
activity of steps measured by pedometer is associated
with amyloid-related cognitive decline and neurodegen-
eration (Rabin et al., 2019).

Regarding the importance of average steps per day,
the study shows that more step counts per day preferen-
tially attenuated cortical thinning in the entorhinal
cortex, lateral temporal cortex, and medial parietal
regions (Rabin et al., 2019). These regions have been

implicated in memory (Rabin et al., 2019). When we fur-
ther used ROC analysis to differentiate between partic-
ipants with early-stage MCI and those with late-stage
MCI, we found the optimal cut-off values of average
step counts per day significantly differentiated early-
stage MCI participants from late-stage MCI participants.
Because the risk of Alzheimer’s disease (AD) conversion
is higher in late-stage MCI than early-stage MCI (Ye

et al., 2013), early-stage MCI participants with more
average step counts per day may be associated with less
risk of AD conversion.

Average Calorie Expenditure per Day and Cognition

Although much literature suggests the association

between exercise training and cognition (Geda et al.,
2010; Nagamatsu et al., 2012; Nagamatsu et al., 2013),
still two review articles reveal inconclusive effects of exer-
cise on cognition (Gates et al., 2013; Ohman et al., 2014).
Among the studies showing no effect of exercise on cog-
nition, the effectiveness of exercise interventions is
assessed by reporting whether there are positive effects
of moderate or vigorous exercise on cognition or not.
The activity intensity of moderate or vigorous exercise

is estimated by heart rate during the activity (Karvonen
et al., 1957), which has been associated with calorie
expenditure. In this study, we suggested a lack of associ-
ation between calorie expenditure per day and most of
cognitive function. This observation combined with the
context of these previous literatures about inconclusive
reports on benefit effect of moderate or vigorous exercise
on cognition, we suggested that the relationship between
calorie expenditure per day and cognition is less promi-

nent than the relationship between average step per day
and cognition.

Comparing the Ability of Each Measure of Activity to
Differentiate Late-Stage MCI From Early-Stage MCI

Late-stage MCI has been suggested a transitional state
between early-stage MCI and AD (Ye et al., 2014).
The pattern of cortical thinning in late-stage MCI
patients is more widespread than early-stage MCI
patients and similar to cortical thinning in AD patients
(Dickerson et al., 2009). To differentiate late-stage MCI
from early-stage MCI (C. C. Chang et al., 2010; Ye et al.,

2014), we found that average step per day yielded a better
sensitivity and specificity than average calorie expendi-
ture per day did, while we found a comparable AUC
between average distance (kilometers) per day and
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average step per day or between average distance (kilo-
meters) per day and average calorie expenditure per day.
As a whole, among the three measures of activity, only
average step counts per day showed an optimal cut-off
value to differentiate late-stage MCI participants from
early-stage MCI participants.

The impact of average step per day on the stage of
MCI might be associated with increased blood flow and
functional connectivity of the brain, which can be
induced by walking. Previously, exercise of treadmill
walking has been found to increase cerebral blood flow
in the left insula (Alfini et al., 2019) and to increased
functional connectivity between precuneus and parietal
lobe (Chirles et al., 2017). Moreover, a study provides
evidences that exercise capacity is associated with
memory function (Pedrinolla et al., 2019). A longitudinal
study further demonstrates that physical activity can
slow down the usual cognitive worsening (Fonte et al.,
2019). Our present results are in agreement with the pos-
itive effect of physical activity on cognition and further
suggest that the step counts rather the calorie expenditure
of the treadmill walking play a key role in mediating the
benefit effects of exercise on cognition.

Although the results of this study support the finding
of that average step counts per day may be an important
factor in cognitive performances, further studies are nec-
essary to investigate the effect of similar measurement of
physical activity on cognition in cognitively normal elder-
ly subjects. One previous study has reported that the per-
centage of improvement in memory function is associated
with the percentage of increase in daily steps in cognitively
normal older adults (Nishiguchi et al., 2015). Our result is
consistent with the association between daily steps and
cognitive functions. The mechanisms might be involved
with the influence of exercise training on neural efficiency
of prefrontal cortex (Nishiguchi et al., 2015).

Limitations

An advantage to this study is physical exercise was
recorded continuously over a week period. However,
there are several limitations to this study. First, only a
small size in this study may increase the likelihood of
a Type II error. Further study of population-based
study using wearable digital technology to evaluate the
effect of real-world physical activity on cognition may
provide further evidence of how exercise improves cogni-
tive function in individuals with MCI. Second, we includ-
ed individuals with MCI on the bases of clinical
assessments. Further neurobiochemical or in vivo patho-
logical evaluation will be needed to investigate the path-
ophysiological effect of the continuously recorded
physical exercise on cognition and dementia. Third, this
study aimed to use objective measures to record real-
world physical activity. Further studies will be needed

to compare the accuracy in differentiating early-stage

and late-stage MCI between objective and subjective
measures, such as Sedentary Behaviour Questionnaire
and International Physical Activity Questionnaire, of fit-

ness. Moreover, other objective measures such as
VO2max and heart rate are necessarily included in the

further studies to enrich the investigation of the effects of
physical activity on cognition. Fourth, it was an explor-

atory study and the analyses were not adjusted for mul-
tiple comparisons. Additional dedicated studies will be

needed to confirm the results. Fifth, cognitively normal
elderly subjects were not included in this study. Further

studies are necessary to investigate the effect of each mea-
sure of physical activity on cognition in normal aging.

Conclusion

To differentiate early- and late-stage MCI participants,

average step per day showed an optimal sensitivity and spe-
cificity with cut-off value of 6,284 steps. Accelerometer-
determined measures of activity patterns show as potential

measurement to reflect cognitive function.
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