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Abstract
Background/Aims: The aim of this study was to examine the associations between different 
cognitive domains and hand function in older people diagnosed with mild cognitive impair-
ment (MCI) or dementia. Methods: This study is cross-sectional, including 98 community-
living older people aged ≥65 years with MCI or dementia. Assessments of hand function in-
cluded grip strength, the Finger Tapping Test, and the Grooved Pegboard. Cognitive 
assessments were the Mini-Mental State Examination, the Clock Drawing Test, and Trail Mak-
ing Tests A and B, as well as a 10-word List Learning Test. Statistical analyses were based on 
descriptive statistics and univariable and multivariable analyses. Results: Sixty participants 
were diagnosed with MCI and 38 were diagnosed with dementia. The mean age was 78.8 years 
(SD 7.4). Analyses of hand function, cognitive tests, and demographic factors showed an as-
sociation between cognitive tests, in particular executive function (EF), and hand function. 
Conclusions: The findings indicated an association between physical and cognitive function. 
Among the cognitive domains, declines in EF were most related to a reduced physical func-
tion. © 2020 The Author(s)
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Introduction

Smaller differences in dependency in older people are associated with large differences 
in the cost of care, the need for informal care, and wellbeing [1, 2]. Cognitive impairments, 
including dementia, are a major cause of disability and dependency [3], and the risk of a poor 
health-related quality of life is greater in individuals with both physical and cognitive problems 
[4, 5]. Cognitive impairment and difficulties with mobility often coexist, and current evidence 
suggests a shared underlying pathophysiology [6, 7]. Converging evidence points to the 
important role of multiple cognitive domains, especially attention and executive function 
(EF), in explaining the high variability in physical function in healthy, frail, and older people 
with dementia [8]. A common feature of the descriptions of EF is that executive processes are 
part of a system that acts in a supervisory capacity in the overall hierarchy of brain processing 
and encompasses the skills necessary for purposeful goal-directed behavior [9, 10].

Studies show a consistent association between cognitive function and different aspects 
of physical function such as gait speed, mobility, balance, and muscle strength [11–14]. 
However, other aspects of physical function, such as hand function, are less explored in 
persons with cognitive impairment and dementia [15]. Hand function can be assessed using 
outcomes targeting strength, speed, and dexterity. Loss of grip strength is a well-recognized 
feature of age-related decline in muscle strength, and it may be used as an overall health indi-
cator in older adults [16]. A low grip strength has been shown to be a strong predictor of func-
tional decline, length of hospital stay, morbidity, and mortality [17–19]. Furthermore, a 
weaker grip strength is related to a worse baseline performance in processing speed and EF 
[20], and several studies have found that a low grip strength is associated with dementia as 
well [21, 22] and is a feasible prognostic tool in clinical assessment [23].

When it comes to associations between hand motor function, dementia, and cognitive 
function, the research literature is sparse. Compared to healthy older adults, patients with 
mild cognitive impairment (MCI) and Alzheimer disease (AD) produced fewer finger taps and 
more variability in a finger tapping task [24]. Further, the variability in finger tapping was 
also negatively associated with severity of cognitive impairment, indicating a loss of fluency 
and speed in fine motor movements. Fritz et al. [25] demonstrated that hand motor function 
was differentiated between subtypes of dementia in a study where patients with AD had 
worse dexterity than patients with Parkinson disease with dementia but better dexterity than 
patients with dementia with Lewy bodies. Manual dexterity was associated with autonomy 
in self-care activities of daily living in a cross-sectional study of patients with MCI and AD [26]. 
These studies indicate an association between the degree of cognitive impairment and hand 
function; however, there is a lack of studies investigating the aspects of cognitive function that 
underlie this association with hand function. Self-reported upper extremity function was 
associated with cognitive impairment, and in particular with executive dysfunction, in a study 
of older primary-care patients with and without MCI [27]. A study by Rodríguez-Aranda et al. 
[28] noted significant associations between EF, working memory, and manual dexterity in 
cognitively healthy young and older adults. Another study reported that manual dexterity, 
but not grip strength, was associated with EF in cognitively healthy older people [29]. The 
associations of handgrip strength and hand dexterity with cognitive performance in 
community-dwelling older adults are summarized in a review article with the conclusion that 
these associations are still unclear and future studies are needed [15]. However, we have not 
found studies examining the association between hand function and cognition in older people 
with cognitive impairment.

This study aimed to examine which domains of cognitive function have the strongest 
association with hand function in older people diagnosed with MCI or dementia.
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Methods

Study Population and Design
The inclusion criteria in this cross-sectional study were: community-living older people 

aged ≥65 years, a diagnosis of MCI or dementia, and agreement to being included in the 
Norwegian register of persons assessed for cognitive symptoms (NorCog) [30]; subjects were 
recruited from 4 memory clinics in Norway. The diagnostic procedures for MCI and dementia 
are described in the below. Because this study was part of a longitudinal study with a 1-year 
follow-up, persons with an expected lifespan of < 1 year due to terminal disease were excluded. 
All patients who fulfilled the inclusion criteria and were not excluded were asked to partic-
ipate. In all, there were 98 participants. STROBE guidelines have been followed to report on 
the design, analysis, and presentation of data [31]. 

Diagnostic Procedures
Winblad criteria were used when diagnosing MCI [32] and the ICD-10 classification for 

research was used when diagnosing dementia [33]. Physicians at the memory clinics diag-
nosed the patients based on a standard comprehensive examination protocol that included 
taking a medical history and information from a family carer, a physical examination, testing 
of cognitive function, and a psychiatric evaluation with a primary emphasis on depression 
[34]. Magnetic resonance imaging (MRI) or a computerized tomography scan (CT) was 
performed as a structural brain examination on all patients. If the clinicians needed more 
information to make a correct diagnosis, a lumbar puncture with measurement of cerebro-
spinal fluid biomarkers was performed [34]. 

Demographic Information
Information on the diagnosis, age, gender, education, and marital status was retrieved 

from the NorCog.

Assessment of Hand Function
Grip strength was measured with a Jamar dynamometer [10]. The patients were seated 

with their elbows by their side and flexed to 90°, with their wrists in a neutral position. Both 
hands were tested, and the best results of 2 trials of the best hand were used in the analyses. 
Reference values and good reliability and validity in adults have been reported [16, 35, 36]. 
A reliability coefficient above 0.70 is shown in normal persons and persons with neurological 
damage [10].

The Finger Tapping Test measures psychomotor speed and is part of the Halstead-Reitan 
[37] Neuropsychological Test Battery. The test is generally used to evaluate persons with a 
suspected brain injury, but it also provides useful information about the cause of brain injury, 
i.e., AD [37]. The test is able to distinguish between normal control persons and people with 
a traumatic brain injury and it can also show the severity of a brain injury [10]. This testifies 
to its strong validity. The procedure as described by Reitan and Wolfson [38] provides reliable 
results. The Finger Tapping Test is performed by pressing the index finger on the dominant 
hand as quickly as possible for 10 s on a counting machine. The mean of 5 trials is reported 
and was used for analyses, but if the variation in the number of taps was over 5 taps during 
the 5 trials, the mean of 10 trials was used as a result [37].

The Grooved Pegboard test measures manual dexterity, visuo-motor coordination, and 
motor speed, and it shows good test-retest reliability [10]. The test material consists of 25 
holes with randomly positioned grooves so that the pins must be rotated properly to match 
the hole into which they should be placed. The outcome is the time required to place the pegs, 
and a trial was discontinued after 5 min and the result was set to 300 s [39]. The test was 



198Dement Geriatr Cogn Disord Extra 2020;10:195–204

Hesseberg et al.: Cognition and Hand Function in Older People

www.karger.com/dee
© 2020 The Author(s). Published by S. Karger AG, BaselDOI: 10.1159/000510382

conducted with the dominant hand. Regarding validity, it should be noted that there may be 
more reasons than neurological damage, such as having reduced tactile sensation in their 
fingertips or reduced vision, for a person scoring badly on this task [10].

Cognitive Assessments
The results of the cognitive assessments were retrieved from the NorCog. The Mini-

Mental State Examination (MMSE) was used to assess global cognition and it has a score range 
of 0–30, where higher scores indicate a better performance [40]. The Clock Drawing Test 
(CDT) evaluates cognitive skills such as visual-spatial abilities and EF. A 6-point score from 
0–5 was used, and test scores of 4–5 indicate a normal score according to the scoring procedure 
of Shulman [10, 41]. Trail Making Tests A and B (TMTA and TMTB) were used to test attention 
and processing speed and to test EF and set shift, respectively [38]. The tests are timed in 
seconds [42]. When the patient could not complete the test, the score was set to 180 s for the 
TMTA and to 360 s for TMTB. The 10-word List Learning Test from the Consortium to Establish 
a Registry for Alzheimer’s Disease (CERAD) was used to evaluate the learning aspect of 
memory. A list of 10 words was presented 3 times, and scoring of 0–30 was used to measure 
the total number of correct words learned (10-word recall) [43]. Testing was conducted by 
experienced nurses, occupational therapists, and physicians at the memory clinics.

Statistical Analysis
Continuous variables are described as means (SD) and categorical variables are presented 

as numbers of observations (%). To assess the differences between patients diagnosed with 
MCI and dementia, we used the χ2 test for categorical data or an independent samples t test 
for continuous data. Multivariable linear regression models were used to assess associations 
between physical function and cognitive performance. Dependent variables included the 
hand function assessments. Independent variables included the cognitive tests MMSE, CDT, 
TMTA, and TMTB and the 10-word List Learning Test, as well as the demographic factors age, 
gender, education, and marital status. To identify the cognitive domains most related to the 
components of physical function, we used a stepwise regression analysis with the criterion of 
a p value < 0.15 to be included in the final model. Bivariate correlations and analysis of multi-
collinearity were preformed to detect any high levels of association between the independent 
variables. Residual plots were inspected. p < 0.05 was considered statistically significant. 
Statistical analyses were performed using SPSS for Windows version 25.0.

Results

In total, 98 participants (45 men and 53 women) were included. Of those included, 60 
were diagnosed with MCI and 38 were diagnosed with dementia. The mean age was 78.8 
years, the mean years of education was 13.5, and 40% were living alone. Characteristics of 
the participants and differences between participants with MCI and those with dementia are 
shown in Table 1. There were no significant differences in demographic characteristics 
between participants with MCI and those with dementia, and we did not observe any differ-
ences in hand function between those 2 groups, apart from performance on the Grooved 
Pegboard. Table 2 shows results from a linear regression analysis on the relationship between 
the hand function variables with cognitive tests and demographic factors (age, gender, marital 
status, and education). Our results showed that finger tapping was significant associated with 
the cognitive tests and domains representing visual-spatial abilities, set shift, and EF 
(measured by CDT and TMTB); grip strength was significant associated with the cognitive 
tests and domains representing EF and set shift (measured by TMTB) and the Grooved 
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Pegboard was significant associated with the cognitive tests and domains representing EF 
and set-shift, attention, and processing speed (measured by TMTB and TMTA). Our model 
explained 64% of the variance in grip strength, 40% of the variance in the Grooved Pegboard, 
and 43% of the variance in finger tapping (Table 2).

Discussion

The findings of this study add information to the sparse body of research on the associ-
ation between cognitive function and hand function. The correlation between physical and 
cognitive impairments has been of great interest to researchers and healthcare providers as 
it may facilitate early identification of individuals at the highest risk for dementia and it may 
generate tailored interventions to best preserve cognitive function [44]. The importance of 
hand function in everyday life is enabling independence. Most basic as well as complex activ-
ities of daily living, such as feeding, grooming, handling finances, and taking medication, 
become difficult without a normal hand function and often lead the individual to be reliant on 
caregiver assistance. Furthermore, fine hand function is essential for object manipulation 
[45]. Many etiological subtypes of dementia have demonstrated motor impairment as the 
disease progresses [12]. Converging evidence points to the important role of multiple 
cognitive domains, especially attention and EF, in explaining the high variability in mobility 
performance in healthy and frail older people and older people with dementia [8]. In our 
study, we found associations between hand function, assessed with grip strength, finger 
tapping, and the Grooved Pegboard, and cognitive domains such as EF, attention, set shift, 
visual-spatial abilities, and processing speed in older people with MCI or dementia. This 
supports our earlier findings regarding associations between physical fitness (components 
of the Senior Fitness Test) and cognition, where the cognitive domains attention and EF were 
most related to measured physical function [14]. Our results are in line with previous research 
from one population-based study with 2,160 participants with a MMSE score > 21 [21] and 

Table 1. Characteristics of the participants

Variable n All MCI Dementia p value

mean (SD) % mean (SD) % mean (SD) %

Demographics
Female 98 54 52 58 0.547a

Diagnosis (MCI or dementia, % MCI) 98 61
Living alone 98 40 37 45 0.426a

Age, years 98 78.8 (7.4) 77.9 (7.2) 80.1 (7.6) 0.151b

Education, years 82 13.5 (3.3) 14.0 (3.3) 12.6 (3.1) 0.052b

Cognitive assessment
MMSE (score 0–30) 98 24.1 (3.9) 25.5 (2.9) 21.8 (4.3) <0.001b

Ten-word recall (score 0–30) 95 12.3 (4.5) 13.4 (4.3) 10.6 (4.4) 0.003b

CDT (% normal, score 4–5) 98 51 60 37 0.025a

TMTA, s 98 86 (41.8) 77 (35.8) 100 (47.0) 0.012b

TMTB, s 97 276 (102.6) 248 (107.3) 321 (76.0) <0.001b

Hand function
Grip strength, kg 97 25.5 (10.8) 26.2 (11.5) 24.4 (9.8) 0.425b

Grooved Pegboard time, s 97 157 (72.0) 144 (63.0) 177 (80.8) 0.034b

Finger tapping, n 97 33.8 (11.3) 35 (11.4) 32 (11.1) 0.206b

a Pearson χ2 test. b Independent samples t test.
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another population-based study with 4,000 community-dwelling participants aged 65 years 
or older [46]. These studies found that grip strength was associated with cognitive function 
[21, 46]. Furthermore, prospective studies of 1,793 older women participating in the Women’s 
Health Initiative Memory Study [47] and 3,522 participants of the Honolulu Heart Program 
and the Honolulu-Asia Aging Study [48] indicate that cognition predicts grip strength [47, 48]. 
Hooghiemstra et al. [20] reported that a weaker grip strength was significantly related to a 
worse baseline performance in processing speed and EF, as in our study. However, their 
findings showed that there were no longitudinal associations and they suggested in their 
conclusion that markers of physical performance are related to current cognitive status and 
modestly related to cognitive decline but they are seemingly not useful as an early marker of 
incidental clinical progression [20].

A recent population-based longitudinal study of 1,243 Italian adults aged 65 years or 
older aimed to investigate whether a reduced function in fine motor skills measured by 
pegboard and how well the participants managed to put on and button up a shirt correctly as 
quickly as possible were predictors of cognitive impairment [49]. Curreri et al. [49] reported 

Table 2. Associations between hand function items and cognitive assessments

Univariable linear regression analysis Stepwise regression analysis

Β 95% CI p value adjusted 
R2

B 95% CI p value adjusted 
R2

Grip strength (kg) (n = 97) 0.644
Education (years) 0.83 0.14 to 1.51 0.019 0.056
Age (years) –0.66 –0.92 to –0.39 <0.001 0.196 –0.42 –0.62 to –0.21 <0.001
If female –15.46 –18.54 to –12.36 <0.001 0.507 –13.32 –16.08 to –10.57 <0.001
If living alone –9.14 –13.21 to –5.07 <0.001 0.164
MMSE 0.24 –0.33 to 0.80 0.407 0.003
10-word list recall 0.32 –0.17 to 0.82 0.197 0.007
CDT (if normal) 8.04 3.97 to 12.12 <0.001 0.130
TMTA (s) –0.06 –0.11 to –0.01 0.032 0.037
TMTB (s) –0.03 –0.05 to –0.01 0.016 0.050 –0.02 –0.04 to –0.01 0.001

Grooved Pegboard (s) (n = 90) 0.402
Education (years) 2.03 –6.69 to 2.63 0.388 –0.003
Age (years) 2.65 0.76 to 4.56 0.007 0.065 1.69 0.16 to3.22 0.031
If female 19.84 –9.20 to 48.87 0.178 0.009
If living alone 12.04 –17.63 to 41.71 0.422 –0.004
MMSE –4.34 –8.01 to –0.68 0.021 0.045
10-word list recall –0.77 –4.05 to 2.51 0.642 –0.008
CDT (if normal) –62.17 –88.47 to –35.87 <0.001 0.180
TMTA (s) 1.04 0.75 to 1.32 <0.001 0.352 0.76 0.46 to 1.08 <0.001
TMTB (s) 0.34 0.22 to 0.47 <0.001 0.236 0.17 0.04 to 0.30 0.010

Finger tapping (n) (n = 97) 0.429
Education (years) 0.86 0.12 to 1.60 0.024 0.051
Age (years) –0.29 –0.60 to 0.01 0.059 0.027
If female –11.88 –15.78 to –7.98 <0.001 0.270 –10.09 –13.98 to –6.20 <0.001
If living alone –5.82 –10.33 to –1.31 0.012 0.055
MMSE 0.24 –0.35 to 0.82 0.428 –0.004
10-word list recall 0.11 –0.40 to 0.62 0.675 –0.009
CDT (if normal) 9.58 5.45 to 13.72 <0.001 0.174 5.46 0.81 to 10.12 0.022
TMTA (s) –0.09 –0.14 to –0.04 0.001 0.105
TMTB (s) –0.03 –0.05 to –0.01 0.007 0.065 –0.03 –0.05 to –0.01 0.018

B, unstandardized coefficient.
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significant associations between difficulties in fine motor skills and cognitive performance, 
which corresponds well with our results. In our study, the tests of fine motor skills were asso-
ciated with the cognitive tests representing EF, attention, and processing speed. Assessments 
of fine motor skills may help to identify early signs of dementia, as well as subjects at a high 
risk of developing cognitive decline, and individuals who can be referred to specialists. The 
results will add information for physiotherapists and other health personnel regarding how 
they can better contribute to tailoring their interventions and assessments in their profes-
sional practice for older people with MCI or dementia. It is also important to acknowledge the 
association between impaired hand function and cognition for those who develop techno-
logical assistive devices aimed at persons with cognitive impairment and dementia.

Limitations
The cross-sectional design of this study is a limitation that prevents us from drawing 

conclusions about causality [50]. Potential factors that could influence the association 
between hand function and cognitive functions other than those assessed in our study, such 
as depression and other diseases, could be investigated. Furthermore, not all cognitive 
domains have been examined, and thus there could be associations between hand function 
and cognition other than those reported in this study. The sample comprised participants 
referred to memory clinics and thus did not represent a broad selection of patients with MCI 
and dementia. This means that our results cannot be generalized to apply to all patients with 
MCI or dementia. A larger sample size could have strengthened this study as well. As the 
authors of a recent systematic review synthesizing the existing observational studies evalu-
ating the associations of hand function with cognitive performance in community-dwelling 
older adults, we agree that longitudinal studies are needed to elucidate this association [15].

Conclusion

The findings above suggest that impairments in EF are most associated with a reduced 
hand function. These patients should receive special attention, as they might have a higher 
risk of losing independence because hand function is important in order to carry out many 
daily activities. Our results strengthen the need to focus on other factors more amenable than 
medication to increasing the possibility for maintenance of independent living in this patient 
group.
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