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The purpose of this study was to determine whether gaze stability exer-
cises would result in improvements of cognitive function, balance ability 
and subjective health status in old people with and without mild cogni-
tive impairment (MCI). Old people with MCI (n= 9) and healthy old peo-
ple (n= 9) performed gaze stability exercises for 4 weeks. Pre and post 
Montreal Cognitive Assessment (MoCA) for cognitive function, Timed 
Up and Go test for dynamic postural ability, Activities-Specific Balance 
Confidence for balance confidence and subjective health status were 
measured in both groups. After participating in gaze stability exercises, 
all outcome measures were significantly improved in MCI group and 
normal group also improved significantly in all outcome measures with 

the exception of balance confidence. In addition, there were significant 
differences in cognitive function and balance confidence between the 
two groups, and more improvements in MCI group. These results pro-
vide evidence that gaze stability exercises is beneficial to improve cog-
nitive function as well as balance ability which affected on quality of life 
in old people with and without MCI.  
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INTRODUCTION

Motor and sensory deteriorations are associated with aging and 
contribute significantly to the control of dynamic balance (Alex-
ander, 1994; Grabiner and Enoka, 1995). Every year, more than 
1/3 of old people experience a fall due to decreased postural stabil-
ity (Tinetti et al., 1988). Additionally, cognitive functions are im-
paired with advancing age (Salthouse, 2009) and old people with 
mild cognitive impairment (MCI) have a higher incidence of falls 
compared with healthy old people (Liu-Ambrose et al., 2008). As 
a result, both falls and cognitive impairments can be negatively 
affected on quality of life of old adults. 

Several studies have shown that cognitive and postural impair-

ment are associated with falling (Anstey et al., 2006; Liu-Ambrose 
et al., 2008). According to Tinetti et al. (1988), old people with 
cognitive impairment are 5 times greater in odds ratio of falling 
compared with healthy old people. Many of authors emphasize 
that we should be aware of MCI as a predictor of falls (Delbaere et 
al., 2012; Liu-Ambrose et al., 2008). Although there were studies 
dedicated on cognitive rehabilitation program for patient with 
cognitive impairment (Kim, 2018; Simon et al., 2012), very little 
research has focused on fall prevention for old people with MCI. 
Thus, effective intervention programs may be necessary for pre-
venting falling and dementia in old people with MCI because 
these people are not only highly at risk of dementia but highly at 
risk of fall as well (Delbaere et al., 2012).
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Recently, the effects of gaze stability exercises (GSEs) are be-
coming well known for improving balance of vestibular dysfunc-
tion patients in vestibular rehabilitation (Hall et al., 2010; Horn-
ing and Gorman, 2007). It has been established for eye movement 
exercises to improve balance ability and confidence (Park, 2017) 
and enhance cognitive function (Christman et al., 2003; Parker et 
al., 2008) respectively in several studies through facilitation of the 
brain activity and stabilization of one’s gaze. However, there is a 
lack of research on whether GSEs is a beneficial exercise for old 
people with MCI, not only improving cognitive functions but 
also ability to balance. 

Therefore, the purpose of this study was (a) to investigate the 
effects of GSEs on cognitive function, balance ability and subjec-
tive health status (SHS) in healthy old people with and without 
MCI and also (b) to determine whether GSEs is more effective for 
old people with MCI.   

MATERIALS AND METHODS

Participants	
Old people with MCI (n=9, 78.9±5.8 years) and healthy old 

people (n=9, 74.3±5.9 years) participated for this study. They 
were recruited voluntarily at the Yeonsu Senior Center in Incheon 
and completed a Montreal Cognitive Assessment (MoCA) to di-
vide into MCI group (18.3±3.4) and normal group (23.8±1.4). 
These two groups were matched for age, gender, and education. 
They had no prior history of neurological diseases and falling that 
could contribute to balance instability. Informed consent was ob-
tained from the participants prior to participation in this study. 
Ethics approval was obtained from the Institutional Review Board 
of Gachon University (1044396-201712-HR-216-01). 	

	
GSE intervention	    

We conducted GSEs described by Morimoto et al. (2011) and 
Park (2017). We reconstructed GSEs under the following five 
steps: (1) eyeball movement, (2) saccadic eye movement, (3) pur-
suit eye movement, (4) vergence eye movement, (5) vestibular-oc-
ular reflex exercise. Participants were instructed to focus on the 
card held in their hands with their eyes when moving the target 
or their head to the left or right in individual’s eye level. The eye-
ball exercise included moving the eyes slowly to the left and right, 
up and down, rotation movement while closing the eyes. The sac-

Fig. 1. Four steps of gaze stability exercises illustrations: (A) saccadic eye movement exercise, (B) pursuit eye movement exercise, (C) vestibulo-ocular reflex exercise, 
and (D) vergence eye movement exercise. 
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cadic eye movement exercise included moving the eyes as quickly 
as possible between the stationary targets with no head movement. 
The pursuit eye movement exercise included tracking the slowly 
moving target holding one hand with the eyes without head move-
ment. The vergence eye movement exercise included tracking the 
moving target back and forth from 5 cm close at eye level to far as 
possible. The vestibular-ocular reflex exercise included moving 
the head from left to right while keeping the eyes on the station-
ary target. One hour session of GSEs included a warm up (10 min), 
GSEs (40 min), and a cool down (10 min). Participants performed 
GSEs twice a week for 4 weeks in a seated position (Fig. 1).

Outcome measures 
MoCA was used to measure cognitive functions (Nasreddine et 

al., 2005). MoCA is a 30-point test and evaluates seven areas of 
cognitive domains: visuospatial ability, executive function, language 
skill, memory recall, attention, working memory, temporal and 
spatial orientation. A cut off score of 23 points is used for screen-
ing MCI and a higher score indicates better cognitive function. 

Timed Up and Go test was used to assess mobility and balance 
ability (Podsiadlo and Richardson, 1991). It is a simple test that 
measured time while subjects rise from a chair, walk for 3 m, 
turn, walk back and sit down. It has been validated as a predictor 
of falls (Bischoff et al., 2003; Shumway-Cook et al., 2000). A val-
ue lesser than 12 sec is considered high risk of falling in older 
community-dwelling women. 

Activities-specific Balance Confidence was used to measure bal-
ance confidence during daily activities such as transferring, bend-
ing, and walking (Powell and Myers, 1995). It is a 16-item ques-
tionnaire with the scale from 0 (not confidence) to 100 (complete-
ly confidence). A higher score indicates better confidence in main-
taining balance with the total score >80% (high level), 50%–
80% (medium level), and <50% (low level). Cronbach α for this 
study was 0.97.     

Subjective Health Status was used to measure SHS (Speake et 
al., 1989). It is a 4-item questionnaire with the scale from 1 (very 
poor) to 5 (very good). A higher score represents a better health 

status. Cronbach α was 0.87 in this study. All outcome measure-
ments were measured to identify the effects of gaze stability before 
and after intervention (Fig. 2).  

	
Statistical analysis	

IBM SPSS Statistics ver. 22.0 (IBM Co., Armonk, NY, USA) 
was used for all analysis. Paired t-test was used to evaluate pre-
post differences of cognitive function, dynamic postural ability, 
balance confidence and SHS within the group. Independent t-test 
was used to analyze the difference of variables after intervention 
between groups. The level of statistical significance was accepted 
at P<0.05. 

RESULTS

Correlation between variables
There was a significantly positive correlation 0.64 between SHS 

and balance confidence while a negative correlation -0.65 between 
cognitive function and dynamic postural ability (P<0.01) (Table 1). 

Cognitive function 
The paired t-test revealed that cognitive function was signifi-

cantly increased after intervention in both MCI group (P<0.01) 
and normal group (P<0.001). The independent t-test showed 
that MCI group had significant increase compared to normal 
group (P<0.05).

Dynamic postural ability
The paired t-test revealed that dynamic postural ability was sig-

Fig. 2. Process of research. GSE, gaze stability exercise.
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Table 1. Correlation of variables 

Variable A B C D

Cognitive function (A) 1
Dynamic postural ability (B) -0.65** 1
Balance confidence (C) 0.32 -0.38 1
Subjective health status (D) -0.08 0.05 0.64** 1

** P< 0.01.
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nificantly increased in both MCI group (P<0.001) and normal 
group (P<0.01). Whereas dynamic postural ability was increased 
in both groups after intervention, there was no statistically signif-
icant difference between groups by the independent t-test (Table 2).

Balance confidence 
The paired t-test revealed that balance confidence was signifi-

cantly increased in MCI group (P<0.01) while no significant dif-
ference in normal group. The independent t-test showed that MCI 
group had significant increase compared to normal group 
(P<0.05) (Table 2).

Subjective health status 	
The paired t-test revealed that SHS was significantly increased 

in both MCI group (P<0.01) and normal group (P<0.001). 
There was no statistically significant difference between groups by 
the independent t-test (Table 2).

DISCUSSION 

There have been many research focused on benefits of cognitive 
rehabilitation programs for old people with MCI. Recently, MCI 
was found not only highly at risk of dementia but also as a predic-
tor of falling (Delbaere et al., 2012). However, there has been very 
little research on fall prevention exercise for old people with MCI. 
Thus, this study applied and examined the GSE as an effective 
tool for both cognitive function and balance ability in old people 
with MCI. Furthermore, we assumed that GSE led to the greater 
improvement for old people with MCI compared with healthy old 
people. 

To our knowledge, this is the first study to demonstrate the di-
rect effects of GSE on both cognitive function and balance ability 
in old people with and without MCI. The results of this study in-

dicated that MCI and normal group improved in measures of dy-
namic postural stability and also cognitive function and SHS after 
GSEs. In addition, there were significant differences in cognitive 
function and balance confidence between the two groups, and 
there were more improvements in MCI group. These results are 
consistent with the evidence that eye movement exercises results 
in significant improvements in postural stability of patients with 
dizziness (Hall et al., 2010) and fall experience (Park, 2017). 
However, many studies have examined only the effects of the eye 
movement exercises on postural stability in vestibular rehabilita-
tion despite of the evidence that cognition and posture are related 
to each other (Liu-Ambrose et al., 2008). 

Unlike the previous studies, we hypothesized about the effects 
of GSEs for improving both cognitive function and balance in old 
people with MCI since they are high risk of dementia and falling. 
In this study, all participants performed GSEs consisted of four 
different type of bilateral eye movement; saccadic eye movement, 
pursuit eye movement, vestibular-ocular reflex exercises, and ver-
gence eye movement during 4 weeks. The possible mechanism 
contributing to balance enhancement would be the adaptation of 
vestibular (Hall et al., 2010) through vestibule-ocular reflex exer-
cise. This hypothesis goes with vestibular rehabilitation studies 
(Hall et al., 2010; Morimoto et al., 2011) that vestibular-specific 
GSEs results in greater improvements of dynamic visual acuity 
and postural stability by facilitating the interaction of vision and 
vestibular system related to postural control. 

Second possible mechanism leading to cognitive improvement 
is that bilateral saccadic eye movement, in line with the principle 
of bilateral movement, enhance interhemispheric interaction 
(Christman et al., 2003; Parker et al., 2008) related to superior 
episodic memory by stimulating the left and right hemispheres. 
This hypothesis is based on great improvements in cognitive 
functions after GSE although we did not measure the brain activi-

Table 2. Comparison of variables in MCI and normal groupsw

Variable Group Pretest Posttest t a) Difference t b)

Cognitive function MCI 18.33± 3.43 23.56± 3.47  -5.31** 5.22± 2.95 -2.34*
Normal 23.78± 1.39 26.44± 1.74   -5.66*** 2.67± 1.41

Dynamic postural ability MCI 12.16± 2.17 9.94± 1.62 5.86*** -2.21± 1.13 1.76 (0.097)
Normal 10.14± 1.73 8.74± 1.35 5.41** -1.40± 0.78

Balance confidence MCI 66.74± 21.35 83.82± 13.33 -3.81** 17.08± 13.45 -2.32*
Normal 83.40± 9.79 87.99± 14.72 1.53  4.58± 9.01

Subjective health status MCI 2.86± 0.88 4.22± 0.74 -4.44** 1.36± 0.92 -0.32
Normal 3.11± 0.44 4.36± 0.53 -7.75*** 1.25± 0.48

MCI, mild cognitive impairment. 
*P< 0.05. ** P< 0.01. ***P<  0.001. a)Within group comparison. b)Between group comparison. 
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ty. As far as we know, this is the first study that we confirmed the 
effects of GSE by directly measuring cognitive functions and bal-
ance ability and SHS in old people with MCI. 

In conclusion, GSE is beneficial to improve cognitive function 
as well as balance ability which affected on quality of life in old 
people with and without MCI. Thus, we should consider provid-
ing GSEs, easy, simple and cost-effective home based exercise, that 
including components with related to improvements of cognitive 
function and balance in old people with MCI and having experi-
ence of fallings. In this study, the number of participants was lim-
ited and we did not measure ocular motor function to identify 
mechanisms underlying changes in neural adaptation. Further in-
vestigations should examine the neural mechanisms of how eye 
movement exercises promote balance and cognitive function re-
spectively with larger sample size.
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