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Abstract
Background  Fine motor skills are closely related to cognitive function. However, there is currently no comprehensive 
assessment of fine motor movement and how it corresponds with cognitive function. To conduct a complete 
assessment of fine motor and clarify the relationship between various dimensions of fine motor and cognitive 
function.

Methods  We conducted a cross-sectional study with 267 community-based participants aged ≥ 60 years in 
Beijing, China. We assessed four tests performance and gathered detailed fine motor indicators using Micro-Electro-
Mechanical System (MEMS) motion capture technology. The wearable MEMS device provided us with precise fine 
motion metrics, while Chinese version of the Montreal Cognitive Assessment (MoCA) was used to assess cognitive 
function. We adopted logistic regression to analyze the relationship between fine motor movement and cognitive 
function.

Results  129 (48.3%) of the participants had cognitive impairment. The vast majority of fine motor movements have 
independent linear correlations with MoCA-BJ scores. According to logistic regression analysis, completion time in 
the Same-pattern tapping test (OR = 1.033, 95%CI = 1.003–1.063), Completion time of non-dominant hand in the 
Pieces flipping test (OR = 1.006, 95%CI = 1.000-1.011), and trajectory distance of dominant hand in the Pegboard test 
(OR = 1.044, 95%CI = 1.010–1.068), which represents dexterity, are related to cognitive impairment. Coordination, 
represented by lag time between hands in the Same-pattern tapping (OR = 1.663, 95%CI = 1.131–2.444), is correlated 
with cognitive impairment. Coverage in the Dual-hand drawing test as an important indicator of stability is negatively 
correlated with cognitive function (OR = 0.709, 95%CI = 0.6501–0.959). Based on the above 5-feature model showed 
consistently high accuracy and sensitivity at the MoCA-BJ score (ACU = 0.80–0.87).

Conclusions  The results of a comprehensive fine-motor assessment that integrates dexterity, coordination, and 
stability are closely related to cognitive functioning. Fine motor movement has the potential to be a reliable predictor 
of cognitive impairment.
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Introduction
With a growing global aging population, cognitive 
impairment has been a public health issue that is the 
major cause of disability and dependency in older adults. 
The prevalence of cognitive impairment in older indi-
viduals is high, according to the World Health Organi-
zation, dementia had an estimated 55.2  million people 
worldwide in 2019, and it is predicted to reach 78  mil-
lion by 2030 [1]. Dementia imposes a huge financial and 
caregiving burden; the global cost of dementia was esti-
mated to be 1.3 trillion dollars in 2019 [1]. However, cog-
nitive decline is a continuous and gradual accumulative 
process, there is a preclinical stage such as mild cogni-
tive impairment (MCI) before progressing to dementia, 
which is the crucial stage in slowing the progression to 
dementia. A recent systematic review showed that the 
prevalence of MCI ranged from 1.2 to 87% [2]. Effective 
and accurate identification of MCI and intervention is 
essential for dementia prevention.

At present, the identification of early stages of cogni-
tive decline is mostly dependent on the identification of 
biomarkers in structural magnetic resonance imaging, 
blood testing, and cerebrospinal fluid [3–6]. However, 
due to their drawbacks such as high cost and traumatic 
effects, it is difficult to implement these methods on a 
large scale. Therefore, there is a need to explore innova-
tive, non-invasive, and relatively inexpensive approaches 
to identifying cognitive impairment.

Fine motor movements rely on small, precise move-
ments of the hands and fingers that require brain coor-
dination, and fine motor function is usually evaluated by 
dexterity, coordination, and stability [7, 8]. Numerous 
studies have found that deficits in cognition are associ-
ated with weak fine motor function [9–14]. For example, 
MCI and dementia patients have worse finger dexterity 
than normal older adults [9–11]. Meanwhile, bimanual 
coordination is also associated with cognitive functioning 
[12], going further, Torre’s and Roman-Liu’s research sug-
gests that bimanual coordination exercises enhance cog-
nitive functioning [13, 14].

However, previous studies have only considered a sin-
gle aspect of fine motor [9–11], which makes it difficult 
to comprehensively and thoroughly explain the effects 
of fine motor and cognitive functions. There is a relative 
scarcity of studies based on comprehensive assessment 
of fine motor movement to explore the relationship with 
cognitive functioning. It is a fact that fine motor move-
ments are complex control processes that require multi-
dimensional involvement of hand and finger dexterity, 
coordination, stability, etc. It may be more appropriate 

to conduct a combined assessment of fine motor func-
tion and analyze its relationship with cognition. On the 
other hand, previous studies are based on western pop-
ulation or developed countries and lack validation in 
developing countries such as China, the country with 
the largest number of elderly people in the world. We 
are interested in developing a non-invasive predictive 
tool for early identification of cognitive impairment in 
developing countries. Therefore, in this study, Micro-
Electro-Mechanical System (MEMS) was used to obtain 
fine-motor characteristics and to investigate the correla-
tion between hand fine-motor and its main dimensions 
and cognitive functions.

Methods
Study design
We conducted a cross-sectional study conducted in 
Beijing, China, from 2022.12 to 2023.2. The study was 
approved by the Ethics Committee of Beijing Hospital 
(Approval no: 2021BJYYEC-291-01).

Participants
Our study participants were recruited in the commu-
nity through convenience sampling methods. The inclu-
sion criteria included age ≥ 60 years, ability to complete 
cognitive and hand fine motor assessments, and volun-
tary participation with informed consent. We excluded 
those with The Beijing version of the Montreal Cogni-
tive Assessment (MoCA-BJ) [15] ≤ 17; the existence of 
neurological injuries affecting fine motor function, such 
as stroke, Parkinson’s disease, brachial plexus injury, etc.; 
with skeletal muscle injuries that affect fine motor func-
tion, such as tendon injuries, hand trauma, joint disloca-
tion, fractures, etc.; had a significant health event within 
the last 6 months including acute coronary events, severe 
infections, major surgery; and participating in other 
interventional clinical trials. 302 people were recruited 
and 287 were finally included in the study, excluding par-
ticipants who did not meet the inclusion criteria.

Cognitive function
We used the Beijing version of the Montreal Cognitive 
Assessment (MoCA-BJ) [15] to assess participants’ cog-
nitive function, which is a screening tool widely used to 
assess cognitive function. The MoCA-BJ covers a range 
of cognitive domains, such as memory, language, atten-
tion, abstract thinking, orientation, visuospatial struc-
tural skills, and executive functioning, for a total score of 
30. Cognitive impairment (CI) was defined as a MoCA-
BJ score less than 26 [15, 16], and participants with 
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MoCA-BJ ≥ 26 were considered cognitive healthy (CH). 
Internal consistency reliability by Cronbach’s alpha of 
MoCA-BJ was 0.73, and Intra-class correlation coefficient 
(ICC) was 0.87 [15].

Fine motor movement assessment
Capture of fine motion movement
Fine motor movement were collected by The Percep-
tion Neuron® system (NOITOM, Beijing, China), which 
is a wearable device. The Perception Neuron® system 
has been applied within virtual reality interaction, medi-
cal diagnosis, and rehabilitation robot control [17–19]. 
This system is based on Micro-Electro-Mechanical Sys-
tem (MEMS) inertial motion capture technology which 
includes a MEMS inertial sensor, data forwarding router, 
and computer terminal. The tests were presented in a 
virtualized form in the monitor, participants completed 
test-oriented executions with wearable MEMS inertial 
motion sensors. A single hand is equipped with 6 inertial 
sensors (five for the second knuckle of each finger and 
one for the back of the hand) to collect the motor data 
of sensors in various parts, and the data is forwarded to 
the computer terminal through the router in the form of 
wireless forwarding. To prevent interference in the same 
frequency band, Time Division Multiple Assessment 

(TDMA) is added to a data transmission. Through model 
rendering, the real-time 3D model and motion data of 
hand joint movement were rendered (Fig.  1). Partici-
pants were evaluated by trained and established physi-
cians. The fine motor assessment process and notes were 
explained to the participants before the assessment, and 
10 min were provided for the participants to familiarize 
the assessment system. Once the test was started, partici-
pants were given only 1 opportunity to complete the test. 
The duration of the fine motor assessment was approxi-
mately 15  min. The computer system standardizes and 
saves the parameters obtained.

Fine motor movement assessment tests
Four tests were created to evaluate performance of fine 
motor movement, and participants were required to 
complete those tests sequentially (Fig. 2).

Same-pattern tapping test
Two identical nine-cell squares are displayed on the 
screen, one for the left hand and the other for the right 
hand. When the test started, color cues appeared at 
different cells of the squares. The participants were 
instructed to touch the color-lit squares as quickly as pos-
sible, and both hands must be touched simultaneously. 

Fig. 1  Fine motion movement capture by The perception Neuron® system
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Completion time and time difference between hands 
were captured and recorded.

Pieces flipping test
There are 18 pieces with red fronts and white backs 
placed on a blackboard. Participants take the pieces out, 
flip them over, and return them to their original positions 
as quickly as they can with two separate hands. The com-
pletion time of both hands was recorded by the assess-
ment system.

Pegboard test
The Pegboard is a common test used to assess hand dex-
terity [8], this study modified the traditional the Pegboard 
test. Participants were instructed to pick up 16 nails at 
the top of the screen with their thumb, index, and middle 
fingers and place them sequentially in two columns of 
nail holes. The test required rhythmic completion of the 
left and right hands at top speed. The completion time 
and trajectory distance of both hands were recorded.

Dual-hand drawing test
A plot of a circle and a square appeared on the screen, 
participants followed the trajectory cues to depict them 
simultaneously, which entails a circle in the left hand 
and a square in the right hand, the timing was completed 
once all graphics were completed. We captured and 
recorded the completion time and coverage of hands.

Confounding variable
We chose covariates variable based on previous studies 
[5, 20, 21]. Confounders were selected if they were con-
sidered to be correlated with both fine motor function 
and cognition and not as intermediaries for association 
between them. We included demographic features (age, 
sex, marital status, education, living alone or not, fam-
ily income, and previous occupation type), health sta-
tus and lifestyle (smoking, drinking alcohol, BMI, and 
grip strength), and chronic diseases, including diabetes, 
hypertension, Chronic Obstructive Pulmonary Disease 
(COPD), Atrial fibrillation (AF), Chronic heart failure 
(CHF), Coronary heart disease (CHD).

Statistical analyses
The data were analyzed using SPSS Statistics Version 25.0 
for Windows. Continuous variables conforming to nor-
mal distribution are described as mean ± SD. IQRs are 
used to describe continuous variables for nonnormally 
distributed data. Count data are described by frequency. 
The continuous variables were compared using unpaired 
Student’s t-tests for normal distribution or Wilcoxon-
Mann-Whitney tests for nonnormal distributions. The 
categorical variables were compared using χ2 tests.

Firstly, we used nonparametric tests to compare fine 
motor parameters between the HC and CI groups. Then, 
we performed univariate and multivariate linear regres-
sion to the analyze relationship between fine motor 

Fig. 2  Fine motor movement assessment test. (A) Same-pattern tapping test. (B) Pieces flipping test. (C) Pegboard test. (D) Dual-hand drawing test
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indexes and MoCA-BJ score. Meanwhile, we adopted 
logistic regression to explain the relationship between 
fine motor skills and cognitive impairment, the odds 
ratios (ORs) and 95% confidence intervals (CIs) were 
used to test the significance of the differences between 
the two groups, and p ≤ 0.05 was considered statistically 
significant in all analyses.

After identifying the five fine motor test predictors 
of cognitive decline via regression analysis, we aim to 
further assess their diagnostic performance to clas-
sify various levels of cognitive decline. To this end, we 
employed ROC curves at various MoCA-BJ score cut-
off (23–28) and calculated the area under curve (AUC). 
More specifically, we first evaluated whether participant 
performance of all previously identified fine motor tests 
is more sensitive and accurate to detect minimal cogni-
tive decline (i.e., classifying participants with MoCA-BJ 
score < 28 vs. the rest), or a higher degree (classifying par-
ticipants with MoCA-BJ score < 23 vs. the rest), and all 
levels in between. Furthermore, since we aim to develop 
fine motor test-based metrics to detect early cognitive 
decline, we try to improve the diagnostic performance 
to better classify participants with mild MoCA-BJ score 
decline (i.e., MoCA-BJ score < 28 vs. the rest). To this end, 
we employed recursive feature elimination (RFE) on the 
existing 5 features to select a subset of 3 fine motor tests 

that showed higher sensitivity and accuracy for identify-
ing participants with only a mild decrease in MoCA-BJ 
score. The scikit-learn v1.3.0 package was used for model 
construction and testing under Python interpreter 3.11.1. 
Models based on a logistic regression classifier were 
trained using 70% randomly selected participants with 
the default hyperparameters, where the rest were used 
for evaluation purposes and calculating the AUCs. We 
first selected all fine motor tests found to be significantly 
correlated with the incidence of MCI in the adjusted 
logistic regression for model training. Figures were gen-
erated using the matplotlib package v3.8.0rc1.

Results
Participants characteristics
The characteristics of the subjects are presented in 
Table 1. The age of the study subjects ranged from 60 to 
82 years and the mean age was 66.42 ± 4.76 years. Most 
participants (68.2%) were females. The MoCA-BJ score 
was 25.00 ± 3.49, and 48.3% were considered to have 
cognitive impairment. Participants in the CI group were 
older, with fewer high-income families, mental workers, 
unmarried, widowed, and divorced enrollers. The cog-
nitive impairment group had more diabetics and higher 
BMI levels than the CH group. There was a difference in 
education level between the two groups (Table 1).

Table 1  Characteristics of the subjects
ALL
(n = 267)

CH
(n = 138)

CI
(n = 129)

P value

Age, y 66.42 ± 4.76 65.39 ± 4.66 67.53 ± 4.64 < 0.001
Female, n (%) 182 (68.2) 99(54.4) 83(45.6) 0.195
Marital Statue (Unmarried, widowed, and divorced), n (%) 19(7.1) 14(10.1) 5(3.9) 0.046
Living alone, n (%) 11(4.1) 8(5.8) 3(2.3) 0.154
Education, n (%) < 0.001
  Lower 35(13.1) 9(6.5) 26(20.2)
  Secondary 29(29.6) 35(25.4) 44(34.1)
  High 153(57.3) 94(68.1) 59(45.7)
Previous occupation type (Mental labor), n (%) 155(58.1) 94(68.1) 61(47.3) 0.001
High family income, n (%) 183(68.5) 106(76.8) 77(59.7) 0.003
Smoking, n (%) 32(12.0) 13(9.4) 19(14.7) 0.182
Drinking alcohol, n (%) 27(10.1) 13(9.4) 14(10.9) 0.698
BMI, kg/m2 24.15 ± 2.99 23.80 ± 2.86 24.54 ± 3.08 0.044
Grip strength, kg
  Dominant hand 29.24 ± 9.42 29.19 ± 8.51 29.30 ± 10.35 0.928
  Non-dominant hand 27.26 ± 8.99 27.62 ± 8.11 26.87 ± 9.87 0.500
Diabetes, n (%) 45(16.9) 17(12.3) 28(21.7) 0.041
Hypertension, n (%) 112(41.9) 55(39.9) 57(44.2) 0.474
COPD, n (%) 2(0.7) 1(0.7) 1(0.8) 0.962
AF, n (%) 6(2.2) 2(1.4) 4(3.1) 0.363
CHF, n (%) 2(0.7) 1(0.7) 1(0.8) 0.962
CHD, n (%) 5(1.9) 1(0.7) 4(3.1) 0.152
Education: Lower: middle school or below, Secondary: high school, High: college or above

High family income: ≥10 000RMB/m

BMI, body mass index; COPD, chronic obstructive pulmonary disease; AF, atrial fibrillation; CHF, chronic heart failure; CHD, coronary heart disease
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Performance of fine motor in CH group and CI group
In general, the CH group took less time to finish the 
majority of testing tests. Participants in the CI group 
had more time difference between hands for the Same-
Pattern Tapping Test. In the Pegboard test, the mobility 
distance in the CH group is shorter, and participants in 
the CH group performed better in coverage of the Dual-
hand drawing test (Table 2).

Correlation between the fine motor and cognitive function
As shown in Table 3, the Completion time of the Same-
pattern tapping test, the Pieces flipping test, the Pegboard 
test, and the time lag between hands in the Same-pattern 
tapping test were negatively correlated with the MoCA-
BJ score (β=-0.217 ~ -0.119, P < 0.05). Meanwhile, the 

trajectory distance of hands in the Pegboard test was 
negatively correlated with the MoCA-BJ score (β=-0.231 
~ -0.143, P < 0.05). Coverage of the dominant hand and 
non-dominant hand in the Dual-hand drawing test 
were all positively correlated with the MoCA-BJ (β = 0. 
179 ~ 0.213, P < 0.05). Whereas, there was no correlation 
between completion time and coverage in the Dual-hand 
drawing test with MoCA.

In multivariate linear regression, we adjusted for 
covariates that differed in Table  2. In addition, gender, 
smoking, drinking alcohol and hypertension are consid-
ered important impact factors in cognitive impairment 
according to previous studies [20, 21], we also adjusted 
them in multivariate analysis. We found that the results 
were consistent with the results of the univariate analysis 

Table 2  Comparisons of differences in fine motor function between CH group and CI group
CH
(n = 138)

CI
(n = 129)

P value

Same-pattern tapping test
  Completion time (s) 22.88(19.78, 28.23) 25.76(21.39, 34.28) 0.001
  Time difference between hands (s) 0.33(0.18, 0.58) 0.60(0.23, 1.10) < 0.001
Pieces flipping test
  Completion time_ dominant hand (s) 81.95(58.79, 114.49) 93.89(68.33, 128.79) 0.079
  Completion time_ non-dominant hand (s) 84.79(61.97, 109.36) 102.61(75.27, 138.30) < 0.001
Pegboard test
  Completion time (s) 115.35(87.58, 166.34) 137.13(102.15, 220.59) 0.003
  Trajectory distance_ dominant hand (cm) 15.17(10.49, 20.75) 19.19(14.63, 26.59) < 0.001
  Trajectory distance_ non-dominant hand (cm) 15.42(11.03, 21.10) 18.55(13.00, 25.61) 0.001
Dual-hand drawing test
  Completion time (s) 22.22(17.40, 27.22) 21.54(15.54, 32.79) 0.866
  Coverage_ dominant hand (%/s) 3.19(2.39, 3.89) 2.55(1.70, 3.64) < 0.001
  Coverage_ non-dominant hand (%/s) 2.75(2.16, 3.76) 2.43(1.58, 3.37) 0.009
  Coverage difference between hands (%/s) 0.70(0.29, 1.13) 0.65(0.33, 1.26) 0.563

Table 3  Univariate and multivariate linear regression analysis of the fine motor and MoCA
unadjusted model adjusted model a

β Coefficients (95% Confi-
dence Interval)

p-Value β Coefficients (95% Confi-
dence Interval)

p-
Value

Same-pattern tapping test
  Completion time (s) -0.217 (-0.081, -0.024) < 0.001 -0.158 (-0.067, -0.010) 0.009
  Time difference between hands (s) -0.265 (-1.361, -0.528) < 0.001 -0.204 (-1.147, -0.309) 0.001
Pieces flipping test
  Completion time_ dominant hand (s) -0.143(-0.019, -0.002) 0.019 -0.066(-0.013,0.004) 0.277
  Completion time_ non-dominant hand (s) -0.231(-0.023, -0.008) < 0.001 -0.176(-0.019, -0.004) 0.003
Pegboard test
  Completion time (s) -0.199 (-0.013, -0.003) 0.001 -0.132(-0.010, -0.001) 0.027
  Trajectory distance_ dominant hand (cm) -0.246 (-0.147, -0.052) < 0.001 -0.169(-0.115, -0.021) 0.004
  Trajectory distance_ non-dominant hand (cm) -0.202 (-0.135, -0.035) 0.001 -0.129(-0.103, -0.006) 0.029
Dual-hand drawing test
  Completion time (s) -0.018 (-0.046, 0.034) 0.768 -0.011(-0.042, 0.035) 0.846
  Coverage_ dominant hand (%/s) 0.213 (0.219, 0.764) < 0.001 0.183(0.155, 0.689) 0.002
  Coverage_ non-dominant hand (%/s) 0.179 (0.153, 0.761) 0.003 0.153(0.094, 0.683) 0.010
  Coverage difference between hands (%/s) -0.064 (-0.739, 0.228) 0.299 0.065(-0.729, 0.208) 0.274
a adjusted for age, gender, marital status, education, previous occupation type, income, BMI, smoking, drinking alcohol, hypertension, and diabetes
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except for the completion time of the dominant hand in 
the Pieces flipping test.

We further analyzed the association between fine 
motor and cognitive impairment. We found that the 
Completion time and the time difference between hands 
in Same-pattern tapping test, Completion time of non-
dominant hand in the Pieces flipping test, and trajec-
tory distance of dominant hand in the Pegboard test 
were inversely associated with cognitive impairment 
(OR = 1.006 ~ 1.663, P < 0.05), and Coverage of dominant 
hand in Dual-hand drawing test were significant nega-
tively associated with cognitive impairment (OR = 0.790, 
P < 0.05) (Table 4).

Figure  3. Receiver operating characteristic (ROC) 
curves based on logistic regression model using (A) 

all five identified fine motor test predictors for cogni-
tive impairment and (B) selected top three top features 
using recursive feature elimination (RFE). Combined 
diagnostic abilities of the 5-feauture model (A) reveals 
consistently high accuracy and sensitivity across various 
MoCA-BJ score cutoffs, while the 3-feature model (B) has 
superior performance for mild cognitive decline before 
the incidence of MCI.

Discussion
We performed a comprehensive evaluation of fine motor 
function by MEMS and found that fine motor function 
was correlated with cognitive function, in addition to 
this, fine motor performance on a number of tests was 

Table 4  Logistics regression analysis of the fine motor and cognitive impairment
unadjusted model adjusted model a

OR (95% Confidence Interval) p-Value OR (95% Confidence Interval) p-Value
Same-pattern tapping test
  Completion time (s) 1.039 (1.013, 1.066) 0.003 1.033 (1.003, 1.063) 0.030
  Time difference between hands (s) 1.869 (1.287, 2.715) 0.001 1.663 (1.131, 2.444) 0.010
Pieces flipping test
  Completion time_ dominant hand (s) 1.006(1.000, 1.011) 0.032 1.002(0.996, 1.008) 0.517
  Completion time_ non-dominant hand (s) 1.008(1.003, 1.014) 0.002 1.006(1.000, 1.011) 0.040
Pegboard test
  Completion time (s) 1.004 (1.001, 1.007) 0.019 1.003 (0.999, 1.006) 0.122
  Trajectory distance_ dominant hand (cm) 1.060 (1.028, 1.092) < 0.001 1.044 (1.010, 1.078) 0.010
  Trajectory distance_ non-dominant hand (cm) 1.048 (1.017, 1.081) 0.003 1.033 (0.999, 1.068) 0.055
Dual-hand drawing test
  Completion time (s) 1.012 (0.989, 1.035) 0.325 1.012 (0.986, 1.039) 0.375
  Coverage_ dominant hand (%/s) 0.769 (0.643, 0.921) 0.004 0.790 (0.650, 0.959) 0.017
  Coverage_ non-dominant hand (%/s) 0.844 (0.702, 1.013) 0.069 0.856 (0.700, 1.046) 0.129
  Coverage difference between hands (%/s) 1.175 (0.890, 1.552) 0.254 1.165 (0.843, 1.609) 0.356
a adjusted for age, gender, marital status, education, previous occupation type, income, BMI, smoking, drinking alcohol, hypertension and diabetes

Fig. 3  The receiver operating curves for fine motor predictors for cognitive impairment
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independently correlated with cognitive impairment in 
older adults.

Our study found that 48.3% of old adults suffer from 
cognitive impairment, similar to other researchers’ find-
ings on the elderly in China [22, 23], and consistent with 
previous consensus, we also found cognitive function to 
be correlated with age, education, income, and occupa-
tion type [1, 15]. Fine motor function of the hand is an 
important physiological function in the elderly. Our 
study has found a correlation between fine motor and 
cognitive function and cognitive decline in older adults.

Dexterity is one of the most important characteristics 
of fine motor. In our study, most of the fine motor func-
tion reflecting dexterity, including completion time in the 
Same-pattern tapping test and the Pieces flipping test, 
completion time, and trajectory distance in the Pegboard 
test, were negatively correlated with cognitive function-
ing. This result is consistent with previous studies which 
also revealed that finger dexterity was related to MMSE 
[24, 25]. We found that some dexterity indicators are 
still linked to cognitive impairment in a further logistic 
regression based on whether or not cognitive impairment 
is present. The same conclusion has been reached by pre-
vious studies on fine motor performance in MCI, demen-
tia, and normal cognitive older adults [26, 27]. Potential 
mechanisms related to alterations in the cerebral cortex. 
It is widely known that the motor including fine motor is 
dominated by the cerebral cortex, Pre-motor and motor 
cortex are higher cortical centers that initiate movement. 
During aging, cortical atrophy affects cognitive func-
tion as well as finger dexterity. A recent study published 
in the Lancet demonstrates that older adults with intact 
cognitive function have better finger dexterity and slower 
atrophy rates of gray matter [28], which also illustrates 
the correlation between changes in the cerebral cortex 
and finger dexterity. However, logistics regression analy-
sis suggests that only completion time on the non-domi-
nant hand is associated with cognitive impairment in the 
Pieces Flip test after adjusting for confounding factors. 
This may be because the non-dominant hand is more dif-
ficult to control when executing an action, and control is 
more susceptible to cognitive functioning.

The coordination of hands decreases with aging, pre-
vious studies have found that older adults often struggle 
with bimanual coordination [3, 12, 29]. Indicators such 
as the lag time between hands during Same-pattern 
tapping and the coverage difference between hands in 
the Dual-hand drawing test demonstrate how well the 
hands synchronize when performing a test. After adjust-
ing for covariates, the time difference between hands in 
the Same-pattern tapping test was shown to be inde-
pendently correlated with cognition in both linear and 
logistic regressions. Some researchers have suggested 
that coordination may be related to the subcortical 

motor system [30]. The subcortical motor system is an 
important mediator of motor practice and sensorimo-
tor integration, and is associated with both motor con-
trol and cognitive functions [31–32]. On the other hand, 
bimanual coordination is a complex test relying on mul-
tiple functional networks throughout the entire brain, 
previous studies suggest that impaired bimanual coordi-
nation in older adults with MCI and dementia is attrib-
uted to reduced neural network connectivity in the brain 
[33, 34]. however, our study did not find any association 
between cognitive functioning and the coverage differ-
ence between hands on a dual-hand drawing test, which 
is another indicator of bimanual coordination.

As an important feature of fine motor movement, sta-
bility is tightly linked to the ADL of older adults. The 
smoothness of the writing or drawing trajectory reflects 
the stability of the hands and finger control. In this study, 
to assess stability, we computed the coverage of smooth 
lines in a drawing test and made adjustments to the com-
pletion time. In our research, we discovered a negative 
correlation between the amount of two-handed coverage 
and MoCA-BJ scores. This finding aligns with previous 
studies [35, 36], Dahdal executed the Motor Performance 
Series (MLS) to analyze fine hand movements and found 
that Parkinson’s patients with MCI had poorer dynamic 
stability compared to those without MCI [37]. An impor-
tant feature of human fine motor is the minimal jerk, 
which represents a swing and pause throughout a con-
tinuous movement [17], cognitive functions play a cru-
cial role in the control of the jerk. In logistics regression, 
however, our study discovered a correlation between cog-
nitive impairment and the stability of the dominant hand. 
This could be attributed to the fact that our study focused 
on dynamic stability. Some researchers have argued that 
the non-dominant hand typically plays a more stable role 
in daily activities, while the dominant hand takes on a 
more dynamic role [9]. As a result, the indicator of the 
dominant hand may be more sensitive in detecting cogni-
tive impairment.

There are some limitations to be considered. Firstly, 
this is a cross-sectional study that only reveals the cor-
relation between fine motor and cognitive functioning, 
but lacks a cohort study to explain the role of effects on 
cognitive development. Secondly, the present study only 
analyzed the relationship between fine motor and over-
all MoCA and lacked in-depth exploration of specific 
cognitive dimensions. Further studies target specific 
cognitive dimensions for feature collection and ana-
lyze their relationship with fine motor. Lastly, assisting 
with the preclinical diagnosis of dementia, such as MCI 
is even more valuable, however, the diagnosis of MCI is 
a complex process that requires a combination of daily 
life performance, imaging techniques, biomarkers, and 
psychometric assessments. While the present study 
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evaluated cognitive functioning only through psychologi-
cal scales, which is why MCI was not used in this study 
and cognitive impairment was instead applied to define 
older adults. Further, we will explore the relationship 
between fine motor and dementia in preclinical patients 
using standardized diagnostics.

Conclusions
In summary, our study assessed various dimensions of 
fine motor function through a comparatively complete 
test system, confirming that there is a link between fine 
motor and cognitive. Additionally, it has been found that 
certain aspects of fine motor skills can be connected to 
cognitive impairment. The research findings provide a 
foundation for the further development of cognitively 
relevant fine motor assessment systems and also provide 
new ideas and perspectives for the early identification of 
cognitive impairment in the future.

Acknowledgements
The authors would like to thank Jielin Yang for its contribution to this study.

Author contributions
Thanks for all the contributions of the authors. JZ: acquisition of data and 
drafting of the manuscript; JL: study concept and design; JZ and YJZ: analysis 
and interpretation of data; JYW: technical support；HC, XM, RYC, JX and YSS: 
acquisition of data; YY and LJ: critical review of the manuscript. All authors 
have given final approval of the manuscript.

Funding
This work was supported by the National High Level Hospital Clinical Research 
Funding (Grant No. BJ-2023-074), the Non-profit Central Research Institute 
Fund of Chinese Academy of Medical Sciences (Grant No. 2021-JKCS-024), 
Beijing Municipal Science & Technology Commission “AI+Health Collaborative 
Innovation Cultivation” Project (Grant No. Z221100003522015), and the Beijing 
Hospital Nova Project (Grant No. BJ-2020-090).

Data availability
No datasets were generated or analysed during the current study.

Declarations

Ethics approval and consent to participate
The study was approved by the Ethics Committee of Beijing Hospital 
(Approval no: 2021BJYYEC-291-01). Informed consent was obtained from all 
individual participants included in this study.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author details
1Department of Geriatric Medicine, Beijing Hospital, National Center of 
Gerontology, Institute of Geriatric Medicine, Chinese Academy of Medical 
Sciences, Beijing, P. R. China
2Beijing Normal University, Beijing, China
3Office of the National Clinical Research Center for Geriatric Diseases, 
Beijing Hospital, Institute of Geriatric Medicine, National Center of 
Gerontology, Chinese Academy of Medical Sciences, Beijing, P. R. China
4Department of Geriatric Medicine, Zhucheng People’s Hospital, Weifang 
City, Shandong Province, China
5Geriatric Department, Hefei First People’s Hospital, Hefei, China

6Department of Geriatrics, Tangshan Gong Ren Hospital, Tangshan, Hebei, 
China
7China Center for Health Development Studies, Peking University, Beijing, 
China

Received: 20 November 2023 / Accepted: 19 January 2024

References
1.	 Global status report on the public health response to dementia. Geneva: 

World Health Organization; 2021. Licence: CC BY-NC-SA 3.0 IGO.
2.	 Casagrande M, Marselli G, Agostini F, Forte G, Favieri F, Guarino A. The com-

plex burden of determining prevalence rates of mild cognitive impairment: a 
systematic review. Front Psychiatry. 2022;13:960648.

3.	 Elahi S, Bachman AH, Lee SH, Sidtis JJ, Ardekani BA. Corpus callosum atrophy 
rate in mild cognitive impairment and prodromal Alzheimer’s disease. J 
Alzheimers Dis. 2015;45:921–31.

4.	 Olsson B, Lautner R, Andreasson U, Öhrfelt A, Portelius E, Bjerke M, Hölttä M, 
Rosén C, Olsson C, Strobel G, Wu E, Dakin K, Petzold M, Blennow K, Zetterberg 
H. CSF and blood biomarkers for the diagnosis of Alzheimer’s disease: a 
systematic review and meta-analysis. Lancet Neurol. 2016;15:673–84.

5.	 Petersen RC, Lopez O, Armstrong MJ, Getchius TSD, Ganguli M, Gloss D, 
Gronseth GS, Marson D, Pringsheim T, Day GS, Sager M, Stevens J, Rae-Grant 
A. Practice guideline update summary: mild cognitive impairment: report of 
the Guideline Development, Dissemination, and implementation Subcom-
mittee of the American Academy of Neurology. Neurology. 2018;90:126–35.

6.	 Hansson O, Seibyl J, Stomrud E, Zetterberg H, John Q, Trojanowski, Bittner T, 
Lifke V, Corradini V, Eichenlaub U, Batrla R, Buck K, Zink K, Rabe C, Blennow 
K, Shaw LM. For the Swedish BioFINDER study group, Alzheimer’s Disease 
Neuroimaging Initiative. CSF biomarkers of Alzheimer’s disease concord with 
amyloid-β PET and predict clinical progression: a study of fully automated 
immunoassays in BioFINDER and ADNI cohorts. Alzheimer’s Dement. 
2018;14:1470–81.

7.	 National Institute of Health. Medline Plus: Fine motor control. 2013. Retrieved 
from http://www.nlm.nih.gov/medlineplus/ency/article/002364.htm.

8.	 Smits-Engelsman BC, Wilson PH, Westenberg Y, Duysens J. Fine motor 
deficiencies in children with developmental coordination disorder and 
learning disabilities: an underlying open-loop control deficit. Hum Mov Sci. 
2003;22:495–513.

9.	 Roalf DR, Rupert P, Mechanic-Hamilton D, Brennan L, Duda JE, Weintraub D, 
Trojanowski JQ, Wolk D, Moberg PJ. Quantitative assessment of finger tapping 
characteristics in mild cognitive impairment, Alzheimer’s disease, and Parkin-
son’s disease. J Neurol. 2018;265:1365–75.

10.	 Curreri C, Trevisan C, Carrer P, Facchini S, Giantin V, Maggi S, Noale M, De Rui 
M, Perissinotto E, Zambon S, Crepaldi G, Manzato E, Sergi G. Difficulties with 
Fine Motor skills and Cognitive Impairment in an Elderly Population: the 
Progetto Veneto Anziani. J Am Geriatr Soc. 2018;66:350–6.

11.	 Bezdicek O, Nikolai T, Hoskovcová M, Štochl J, Brožová H, Dušek P, Zárubová 
K, Jech R, Růžička E. Grooved Pegboard predicates more of cognitive than 
motor involvement in Parkinson’s disease. Assessment. 2014;21:723–30.

12.	 Rudisch J, Müller K, Kutz DF, Brich L, Sleimen-Malkoun R, Voelcker-Rehage C. 
How age, cognitive function and gender affect Bimanual Force Control. Front 
Physiol. 2020;11:245.

13.	 Torre MM, Langeard A, Alliou L, Temprado J-J. Does bimanual coordination 
training benefit inhibitory function in older adults? Front Aging Neurosci. 
2023;15:1124109.

14.	 Roman-Liu D, Mockałło Z. Effectiveness of bimanual coordination tasks per-
formance in improving coordination skills and cognitive functions in elderly. 
PLoS ONE. 2020;15:e0228599.

15.	 MoCA-Cognitive Assessment. [Online] Available: https://www.mocatest.org/.
16.	 Chen X, Zhang R, Xiao Y, Dong J, Niu X, Kong W. Reliability and valid-

ity of the Beijing Version of the Montreal Cognitive Assessment in the 
evaluation of cognitive function of adult patients with OSAHS. PLoS ONE. 
2015;10(7):e0132361.

17.	 Shuai Z, Dong A, Liu H, Cui Y. Reliability and validity of an Inertial Measure-
ment System to Quantify Lower Extremity Joint Angle in Functional move-
ments. Sens (Basel). 2022;22(3):863.

18.	 NOITOM. Axis Neuron Userguide. Available online: https://shopcdn.noitom.
com.cn/article/36.html (accessed on 10 August 2021).

http://www.nlm.nih.gov/medlineplus/ency/article/002364.htm
https://www.mocatest.org/
https://shopcdn.noitom.com.cn/article/36.html
https://shopcdn.noitom.com.cn/article/36.html


Page 10 of 10Zhang et al. BMC Geriatrics          (2024) 24:118 

19.	 Ma H, Yang Z, Liu H. Fine-grained unsupervised temporal action segmenta-
tion and distributed representation for Skeleton-Based Human Motion 
Analysis. IEEE Trans Cybern. 2022;52(12):13411–24.

20.	 Livingston G, Huntley J, Sommerlad A, Ames D, Ballard C, Banerjee S, Brayne 
C, Burns A, Cohen-Mansfield J, Cooper C, Costafreda SG, Dias A, Fox N, 
Gitlin LN, Howard R, Kales HC, Kivimäki M, Larson EB, Ogunniyi A, Orgeta V, 
Ritchie K, Rockwood K, Sampson EL, Samus Q, Schneider LS, Selbæk G, Teri L, 
Mukadam N. Dementia prevention, intervention, and care: 2020 report of the 
Lancet Commission. Lancet. 2020;396(10248):413–46.

21.	 Jia L, Du Y, Chu L, Zhang Z, Li F, Lyu D, Li Y, Li Y, Zhu M, Jiao H, Song Y, Shi 
Y, Zhang H, Gong M, Wei C, Tang Y, Fang B, Guo D, Wang F, Zhou A, Chu C, 
Zuo X, Yu Y, Yuan Q, Wang W, Li F, Shi S, Yang H, Zhou C, Liao Z, Lv Y, Li Y, Kan 
M, Zhao H, Wang S, Yang S, Li H, Liu Z, Wang Q, Qin W, Jia J, COAST Group. 
Prevalence, risk factors, and management of dementia and mild cognitive 
impairment in adults aged 60 years or older in China: a cross-sectional study. 
Lancet Public Health. 2020;5(12):e661–71.

22.	 Wen C, Hu H, Ou YN, Bi YL, Ma YH, Tan L, Yu JT. Risk factors for subjective 
cognitive decline: the CABLE study. Transl Psychiatry. 2021;11(1):576.

23.	 Liu A, Peng Y, Zhu W, Zhang Y, Ge S, Zhou Y, Zhang K, Wang Z, He P. Analysis 
of factors Associated with Depression in Community-Dwelling older adults in 
Wuhan, China. Front Aging Neurosci. 2021;13:743193.

24.	 Suzumura S, Osawa A, Maeda N, Sano Y, Kandori A, Mizuguchi T, Yin Y, Kondo 
I. Differences among patients with Alzheimer’s disease, older adults with mild 
cognitive impairment and healthy older adults in finger dexterity. Geriatr 
Gerontol Int. 2018;18(6):907–14.

25.	 Ntracha A, Iakovakis D, Hadjidimitriou S, Charisis VS, Tsolaki M, Hadjileontiadis 
LJ. Detection of mild cognitive impairment through Natural Language and 
touchscreen typing Processing. Front Digit Health. 2020;2:567158.

26.	 Liu X, Abudukeremu A, Jiang Y, Cao Z, Wu M, Sun R, Chen Z, Chen Y, Zhang Y, 
Wang J. Fine or Gross Motor Index as a simple Tool for Predicting Cognitive 
Impairment in Elderly people: findings from the Irish longitudinal study on 
Ageing (TILDA). J Alzheimers Dis. 2021;83(2):889–96.

27.	 Liou WC, Chan L, Hong CT, Chi WC, Yen CF, Liao HF, Chen JH, Liou TH. Hand 
fine motor skill disability correlates with dementia severity. Arch Gerontol 
Geriatr. 2020;90:104168.

28.	 Garo-Pascual M, Gaser C, Zhang L, Tohka J, Medina M, Strange BA. Brain 
structure and phenotypic profile of superagers compared with age-matched 

older adults: a longitudinal analysis from the Vallecas Project. Lancet Healthy 
Longev. 2023;4(8):e374–85.

29.	 Hoff M, Trapp S, Kaminski E, Sehm B, Steele CJ, Villringer A, Ragert P. Switching 
between hands in a serial reaction time task: a comparison between young 
and old adults. Front Aging Neurosci. 2015;7:176.

30.	 Seidler RD, Bernard JA, Burutolu TB, et al. Motor control and aging: links to 
age-related brain structural, functional, and biochemical effects. Neurosci 
Biobehav Rev. 2010;34:721–33.

31.	 Fling BW, Seidler RD. Fundamental differences in callosal structure, neuro-
physiologic function, and bimanual control in young and older adults. Cereb 
Cortex. 2012;22:2643–52.

32.	 Kluger A, Gianutsos JG, Golomb J, et al. Patterns of motor impairment in nor-
mal aging, mild cognitive decline, and early Alzheimer’s disease. J Gerontol B 
Psychol Sci Soc Sci. 1997;52:28–39.

33.	 Staal J, Mattace-Raso F, Daniels HAM, van der Steen J, Pel JJM. To explore 
the Predictive Power of Visuomotor Network Dysfunctions in mild cognitive 
impairment and Alzheimer’s Disease. Front Neurosci. 2021;15:654003.

34.	 Maes C, Gooijers J, Orban de Xivry JJ, Swinnen SP, Boisgontier MP. Two hands, 
one brain, and aging. Neurosci Biobehav Rev. 2017;75:234–56.

35.	 Zhang W, Zheng X, Tang Z, Wang H, Li R, Xie Z, Yan J, Zhang X, Yu Q, Wang 
F, Li Y. Combination of Paper and Electronic Trail making tests for automatic 
analysis of cognitive impairment: development and validation study. J Med 
Internet Res. 2023;25:e42637.

36.	 Anna R, Jarosław F, Izabela W, Karolina L, Małgorzata K, Malgorzata S. Differ-
ences in the Level of Functional Fitness and Precise Hand Movements of peo-
ple with and without Cognitive disorders. Exp Aging Res. 2022;48(4):351–61.

37.	 Dahdal P, Meyer A, Chaturvedi M, Nowak K, Roesch AD, Fuhr P, Gschwandt-
ner U. Fine motor function skills in patients with Parkinson Disease with 
and without mild cognitive impairment. Dement Geriatr Cogn Disord. 
2016;42(3):127–34.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations.


	﻿Comprehensive assessment of fine motor movement and cognitive function among older adults in China: a cross-sectional study
	﻿Abstract
	﻿Introduction
	﻿Methods
	﻿Study design
	﻿Participants
	﻿Cognitive function
	﻿Fine motor movement assessment
	﻿Capture of fine motion movement
	﻿Fine motor movement assessment tests
	﻿Same-pattern tapping test
	﻿Pieces flipping test
	﻿Pegboard test
	﻿Dual-hand drawing test


	﻿Confounding variable
	﻿Statistical analyses
	﻿Results
	﻿Participants characteristics
	﻿Performance of fine motor in CH group and CI group
	﻿Correlation between the fine motor and cognitive function

	﻿Discussion
	﻿Conclusions
	﻿References


