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This study aimed to investigate the adequacy of the visual-motor inte-
gration (VMI) scale for Korean elderly (VMIS-KE) compared to tradition-
al measures, mini-mental state examination of Korean version (MMSE-
KC) and Beery VMI for cognitive decline in diabetic older adults. For this 
explanatory research, data were collected from September 1 to Sep-
tember 15, 2013, from 34 diabetic older adults and 31 nondiabetic older 
adults in Daegu and Gyeongsan of Korea. Mean differences between 
the two groups were analyzed with SPSS 18.0. The diabetic older adults 
showed significantly lower scores in the VMIS-KE (t= 4.128, P< 0.001) 
and MMSE-KC (t= 2.231, P= 0.029) compared with the nondiabetic older 

adults. In all subcategories of VMI-KE, figure cognition (t= 5.342, P< 0.001), 
memory (t= 3.011, P= 0.004) and spatial cognition (t= 2.639, P= 0.011), 
there were significant differences whereas no significant difference in 
the VMI-6th revision (t= 0.994, P= 0.325). VMIS-KE could be a sensitive 
indicator to assess cognitive change in older adults with diabetes and 
health care providers should periodically evaluate vulnerable groups 
such as them with it.
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INTRODUCTION

As age increases, cognitive function declines, and in particular, 
older adults after the age of 70 show a significant cognitive decline 
(Park et al., 2021). Aging is one of the risk factors for dementia 
(Grande et al., 2020). Dementia is caused by biological mechanisms 
such as neurodegeneration, brain resilience, vascular damage, in-
flammation, and oxidative stress. Among them, oxidative damage 
to the brain is associated with diabetes (Grande et al., 2020). Chron-
ic hyperglycemia in diabetes leads to increases advanced glycation 
end products that cause oxidative damage and this glucotoxicity 
results in neuronal damage and dopamine dysfunction (Pignalosa 
et al., 2021). Furthermore, diabetes could contribute to asymmet-
ric atrophy of the hippocampus (Milne et al., 2017). In a longitu-
dinal cohort study, diabetes was significantly related to subsequent 
dementia (Barbiellini Amidei et al., 2021). In the diabetics, phys-

ical activity is closely associated with cognitive decline (Midorika-
wa et al., 2021). Physical activity particularly influences to episod-
ic memory function and can predict cognitive decline after 2 years 
(Bai et al., 2021). Accordingly, health care providers should assess 
cognitive impairment of the diabetics with screening tools includ-
ing physical activity at an early stage (Bai et al., 2021).

Mini-mental state examination (MMSE) developed by Folstein 
et al. (1975) is a most widely used cognitive function test because 
it is quick and easy to use. It is useful to assess the severity and 
change of cognitive function (Folstein et al., 1975). However, it 
has limitation to detection of early dementia with mild cognitive 
impairment (Arevalo-Rodriguez et al., 2015; Pinto et al., 2019), 
and should interpret with considering education level of partici-
pants (Lee et al., 2002). Cognitive decline in diabetes has a greater 
effect on attention, processing speed and executive functions than 
on memory and there are many diabetic patients undiagnosed 
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cognitive impairment in diabetic clinics (Bai et al., 2021; Schim-
ming et al., 2017). More sensitive measure and periodic evaluation 
for cognitive decline of diabetic older adults are required (Bai et 
al., 2021).

Sensory processing tasking could be a more sensitive measure 
than traditional cognitive function tests in diabetic older adults 
(Humes, 2016) because diabetes deteriorated visual-somatosenso-
ry integration and motor function (Mahoney et al., 2021). Visual- 
somatosensory integration in older adults is associated with cogni-
tive impairment (Mahoney and Verghese, 2020). Visual-motor in-
tegration (VMI) is a vision-related cognitive function that is a de-
gree of coordination between visual perception and finger-hand 
movements (Bolk et al., 2018). The Beery VMI is a valuable mea-
sure from children (Bolk et al., 2018) to older adults and can be 
an early indicator of cognitive decline (Yun et al., 2013). However, 
it strongly focused on childhood academic achievement (Osorio- 
Valencia et al., 2018). Especially older adults with blurred vision 
had difficulty in responding accurately and adjusting the print 
size of the materials had to be considered to respond comfortably 
(Findlay et al., 2020).

The VMI scale for Korean elderly (VMIS-KE) is the first mea-
sure to assess cognitive decline through VMI for Korean older 
adults, its validity and reliability were demonstrated, and differ-
ences in cognitive function by aging could be detected regardless 
of educational level (Park et al., 2021). Therefore, this study aims 
to verify the effectiveness of VMIS-KE compared to traditional 
tools, MMSE and VMI-6th revision (VMI-6R), as an early screen-
ing tool for cognitive decline in diabetic older adults.

MATERIALS AND METHODS

Design
This study was an explanatory survey research to determine the 

adequacy of VMIS-KE by comparing the traditional measurements, 
MMSE of Korean version (MMSE-KC) and VMI-6R, to detect 
cognitive decline for diabetic and nondiabetic older adults. To 
achieve the purpose of this study, MMSE-KC, VMI-6R, and VMIS- 
KE scores of diabetic and nondiabetic older adults were investi-
gated and compared at 1 timepoint.

Subjects and data collection
To determine the difference in independent variables between 

diabetic and nondiabetic older adults, the required number of sam-
ples in the condition of two sample t-test, medium effect size 0.50, 
significance level 0.05, and power 0.90 in the G power 3.1.9.7 

program was 30 per group, total 60 participants. The criteria for 
selecting subjects for this study were (a) older adults over 65, (b) 
who understood the purpose of this study and consented to partic-
ipate in the study, (c) who can communicate without any audiovi-
sual disabilities, and (d) who were not diagnosed with neuropsy-
chiatric disorders including dementia. For this study, data were 
collected from September 1 to September 15, 2013, from 34 dia-
betic older adults visiting Kyungpook National University hospi-
tal for ambulatory care and from 31 nondiabetic older adults visit-
ing welfare facilities for the older adults in Daegu and Gyeongsan 
of Korea. All participants completed the face-to-face interview and 
questionnaires according to the direction of the research assistants 
trained for this study. It took about 20 min to complete this survey.

MMSE-KC
Cognitive function was measured by MMSE-KC (Lee et al., 

2002). It includes eight categories, time orientation, place orien-
tation, memory registration, attention/calculation, memory recall, 
language function, visuo-spatial construction, and understanding/
judgment. The range of scores is from 0 to 30 and higher means 
better cognitive function. The Cronbach alpha coefficient was 0.92 
in the study by Lee et al. (2002) and 0.766 in this study.

VMI-6R
Beery and Beery (2010) developed VMI-6R to assess VMI. It 

consists of a total of 24 questions to assess the level of integrated 
ability between vision and exercise. Participants are asked to draw 
along geometric shapes presented in the upper column with a 
pencil. The score is 0 point if the shape is incorrect based on the 
grading criteria, and 1 point if it is correct. The total score ranges 
between 0 and 30 points, and the higher the score, the higher the 
VMI. The Cronbach alpha coefficient was 0.94 and the test-retest 
reliability was 0.88 for subjects aged 60 to 69 years in the study 
by Beery and Beery (2010), and the Cronbach alpha coefficient 
was 0.806 in this study.

VMIS-KE
VMIS-KE is the VMI scale for the Korean elderly developed by 

Park et al. (2021) to detect cognitive decline in the early stage of 
Korean older adults. It consists of 12 items classified into three 
categories, figure cognition, memory, and spatial cognition. Par-
ticipants are asked to recognize the shape of a given figure and 
draw along or complete it in five figure cognition items, to recall 
and draw the figure remembered or to respond appropriately with 
remembering the condition in four memory items, and to draw 
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lines or figures in a designated space in three spatial cognition 
items. Each item scores from 0 to 3 points based on the grading 
criteria. The total scores range from 0 to 36 points and the higher 
means better VMI. The Cronbach alpha coefficient was 0.867 in 
the study by Park et al. (2021) and 0.846 in this study.

Ethical considerations
Researchers explained the purpose, procedures, risks, and bene-

fits of this study to the subjects. Every subject voluntarily partici-
pated in this study with informed consent. Collected data were 
used for purpose of the study and it was informed that participa-
tion could be withdrawn at any time. Researchers provided souve-
nirs to all participants as an appreciation for their participation.

Data analysis
Data were analyzed using PASW Statistics ver. 18.0 (SPSS Inc., 

Chicago, IL, USA). Descriptive statistics for general characteristics 
of participants were conducted with mean, standard deviation, 
frequency, and percentage. Homogeneity tests for general charac-
teristics between groups were conducted with chi-square test, 
Fisher exact test and two sample t-test. The normality distribu-
tion of each group was verified with the Kolmogorov–Smirnov 
test. Difference tests for means of the MMSE-KC, VMI-6R, and 
VMIS-KE between diabetic and nondiabetic older adults were 
conducted with two sample t-test. The statistical significance level 
in this study was set at P<0.05.

RESULTS

General characteristics and homogeneity tests between 
nondiabetic and diabetic older adults

The study sample comprised 65 participants, 31 in the nondia-
betes and 34 in the diabetes group. All variables showed approxi-
mately normal distributions, including age, gender, educational 
periods, families living together, subjective health status, smoking, 
drinking, exercise, depression, activities of daily living, and instru-
mental activities of daily living. There were no significant differ-
ences with respect to any variable between the nondiabetes and 
diabetes groups except subjective health status (χ2=9.71, P=0.013). 
Table 1 summarizes the general characteristics of the participants.

The mean difference of the MMSE-KC between 
nondiabetic and diabetic older adults

The mean scores of the MMSE-KC were described in Fig. 1. The 
mean scores in the nondiabetic and diabetic older adults were re-

spectively 26.19±2.40 and 24.58±3.28 and that of the diabetic 
group was significantly lower than that of the nondiabetic group 
(t=2.231, P=0.029).

The mean difference of the VMI-6R between nondiabetic 
and diabetic older adults

The mean scores of the VMI-6R were described in Fig. 2. The 
mean scores in the nondiabetic and diabetic older adults were re-
spectively 29.39±11.01 and 26.94±9.41 and that of the diabetic 
group was lower than that of the nondiabetic group but the dif-

Table 1. General characteristics and homogeneity tests between nondiabetic 
and diabetic older adults (N= 65)

Characteristic Non-DM (n= 31) DM (n= 34) χ2 or t P-value

Age (yr) 69.87± 4.03 71.71± 4.15 -1.804 0.076
Gender 0.22 0.638

Male 11 (35.5) 14 (41.2)
Female 20 (64.5) 20 (58.8)

Education 5.79a) 0.127
None 1 (3.2) 4 (11.8)
Elementary school 7 (22.6) 13 (38.2)
Middle school 10 (32.3) 4 (11.8)
Above high school 13 (41.9) 13 (38.2)

Families living together 2.04a) 0.628
Alone 6 (19.4) 4 (11.8)
Spouse 21 (67.7) 22 (64.7)
Offspring 4 (12.9) 7 (20.6)
Others 0 (0) 1 (2.9)

Subjective health status 9.71a) 0.013
Very good 2 (6.5) 0 (0)
Good 11 (35.5) 4 (11.8)
Moderate 14 (45.2) 17 (50.0)
Bad 4 (12.8) 13 (38.2)

Smoking 1.000a)

Yes 1 (3.2) 2 (5.9)
No 30 (96.8) 32 (94.1)

Drinking 1.86 0.172
Yes 7 (22.6) 13 (38.2)
No 24 (77.4) 21 (61.8)

Exercise 0.21 0.643
Yes 26 (83.9) 27 (79.4)
No 5 (16.1) 7 (20.6)

Depression 17.96± 2.70 19.32± 3.49 -1.737 0.087
ADL 13.00± 0.00 13.05± 0.23 -1.436 0.160
IADL 12.80± 5.01 14.38± 3.76 -1.440 0.155

Values are presented as mean± standard deviation or number (%).
Non-DM, nondiabetic older adults; DM, diabetic older adults; ADL, activities of dai-
ly living; IADL, instrumental activities of daily living.
a)Fisher exact test.
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ference was not statistically significant (t=0.994, P=0.325).

The mean difference of the VMIS-KE between the 
nondiabetic and diabetic older adults

The mean scores of the VMI-KE were described in Fig. 3. The 
total mean scores in the nondiabetic and diabetic older adults were 
respectively 21.90±5.61 and 15.62±6.57 and that of the diabetic 
group was significantly lower than that of the nondiabetic group 
(t=4.128, P<0.001).

In three subcategories of the VMI-KE, the mean scores in the 
nondiabetic group and the diabetic group were respectively as  
follows: figure cognition, 7.39±1.84 and 5.15±1.54; memory, 
7.58±3.61 and 4.79±3.83; spatial cognition, 6.94±1.61 and 

5.68±2.21. The diabetic older adults had significantly lower mean 
scores in figure cognition (t=5.342, P<0.001), memory (t=3.011, 
P=0.004), and spatial cognition (t=2.639, P=0.011), all subcat-
egories of the VIMS-KE, than the nondiabetics.

DISCUSSION

This study was conducted to verify the effectiveness of VMIS-
KE as an early screening tool for cognitive decline in diabetic old-
er adults. In this study, the cognitive function and VMI of diabet-
ic and nondiabetic older adults were measured with VMIS-KE 
and the traditional tools, MMSE-KC and VMI-6R.

As a result of verifying the difference in cognitive function be-
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Fig. 1. The mean difference of MMSE-KC between nondiabetic and diabetic 
older adults. Data are expressed as mean± standard deviation. Non-DM, non-
diabetic older adults; DM, diabetic older adults; MMSE-KC, mini-mental state 
examination of Korean version. *P< 0.05 compared with the nondiabetic older 
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tween the diabetic and nondiabetic older adults using MMSE-KC, 
the average of the diabetics was 1.61 lower than that of the nondi-
abetics, and the difference was significant. Diabetes may contribute 
to cognitive decline due to asymmetric atrophy of the hippocampus 
(Milne et al., 2017). Like this study, in the results of a previous 
study that measured the cognitive function of the older adults at a 
diabetes clinic by MMSE, the cognitive function of the diabetics 
was significantly lower than that of the nondiabetics (Schimming 
et al., 2017). Although diabetes is associated with cognitive de-
cline (Callisaya et al., 2019; Danna et al., 2016), the diagnosis of 
cognitive decline in diabetes has not been made properly (Bai et 
al., 2021; Schimming et al., 2017). Cognitive decline in diabetes 
affects attention, processing speed, and executive functions rather 
than immediate and delayed recall functions, unlike amnestic type 
mild cognitive impairment. (Schimming et al., 2017). Therefore, a 
screening tool to more sensitively and early assess the cognitive 
decline of the diabetic older adults and periodic evaluation of their 
cognitive function of them are required (Bai et al., 2021).

In the VMI-6R, there was no significant difference between the 
diabetic and nondiabetic older adults even though the average of 
the diabetics was 2.45 lower than that of the nondiabetics. VMI 
has been mainly used as a tool for diagnosing cognitive achieve-
ment for children’s future academic success (Farhi et al., 2021; 
Spiridigliozzi et al., 2017). Although Beery’s VMI has been used 
to measure VMI in adults, it could be difficult for older adults 
with a blurred vision to respond accurately. In order to increase 
the accuracy, the print size of the materials should be adjusted so 
that older adults with presbyopia could respond comfortably (Find-
lay et al., 2020). Diabetes causes axon damage to the corticospinal 
tract and neurons (Muramatsu, 2020) and adversely influences  
visual-somatosensory integration, which mediates to decrease in 
motor function in diabetic older adults (Mahoney et al., 2021). 
Contrary to the results of this study, the VMI of diabetic older 
adults was significantly lower along with cognitive function (Yun 
et al., 2013). In a retrospective study (Humes, 2016), sensory pro-
cessing tasking found differences more sensitively than cognitive 
function tests comparing the diabetic and nondiabetic older adults. 
Therefore, with a comfortable reading print size, verification of 
the difference in VMI between diabetic and nondiabetic older 
adults needs to be reconfirmed through future studies.

Finally, in the VMI-KE, the average of the diabetic older adults 
was 6.28 lower than that of the nondiabetics and there was a sig-
nificant difference between the two groups. In all three subcatego-
ries of the VMI-KE, the diabetic older adults had significantly 
lower figure cognition, memory, and spatial cognition scores com-

pared to the nondiabetic older adults. VMIS-KE was originally 
developed for early assessing cognitive decline of older adults and 
demonstrated significant differences by age groups and correlation 
with cognitive function (Park et al., 2021). Diabetes affects the 
central nervous system including the cerebral cortex, cerebellum, 
and basal ganglia, and decreases somatosensory and motor func-
tion (Ferris et al., 2020). Especially, visual-somatosensory integra-
tion and motor function could deteriorate in diabetic older adults 
(Mahoney et al., 2021). Sensory processing tasking could detect 
differences more sensitively than cognitive function tests between 
diabetic and nondiabetic older adults (Humes, 2016). MMSE, 
which is traditionally widely used to measure cognitive function, 
has limitations in finding such differences. Therefore, a vulnerable 
group such as older adults with diabetes should be periodically as-
sessed with a more appropriate tool such as VMIS-KE that mea-
sures cognitive function with VMI.

This study demonstrated that older adults with diabetes had a 
poor cognitive function and VMI compared to older adults with-
out diabetes and VMIS-KE was an effective method to detect these 
changes in the early stage. Health care providers should periodically 
evaluate cognitive decline in older adults and, particularly if they 
have diabetes, assess them with more sensitive sensorimotor process 
tasks, such as VMI, along with a general cognitive function test.

However, since this study was conducted on a small number of 
older adults in one area, care should be taken in generalizing the 
results of this study to the entire elderly population. We suggest a 
repeated study that includes more diverse and large-size subjects 
as a sample and a longitudinal study to observe changes in cogni-
tive function including VMI in diabetic older adults.
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