
1318

Original Article

Relationship of visual dependence to age,  
balance, attention, and vertigo
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Abstract. [Purpose] The aim of this study was to investigate the relationship of increased visual dependence to 
age, balance, attention, and vertigo. [Subjects and Methods] Twelve younger, 12 visually independent (VI) older 
and 12 visually dependent (VD) older adults were assessed for levels of visual dependence using Subjective Visual 
Vertical (SVV) tilt values, balance ability using the Clinical Test of Sensory Integration for Balance (CTSIB), and 
attentional requirements through the dual-task paradigm and experience of vertigo by completing the Situational 
Vertigo Questionnaire (SVQ). [Results] VD older adults had higher SVV tilt values, greater postural sway in a 
scenario where visual and proprioceptive inputs were simultaneously altered, similar dual-task cost and lower SVQ 
scores compared with younger and VI older adults. No difference was observed between the latter two. [Conclusion] 
Visual dependence may not necessarily increase with age but affect balance in a sensory condition involving visual-
proprioceptive conflict. There is a non-significant trend for elevated visual dependence with increased attentional 
demands. Greater visual dependence is not accompanied by more frequent symptoms of vertigo in visually complex 
environments.
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INTRODUCTION

Effective orientation and balance requires the integration of proprioceptive, vestibular and visual sensory systems1). Some 
people rely too heavily on visual input, as opposed to proprioceptive and vestibular inputs, for spatial orientation and postural 
control. Several studies have reported that older people have significantly greater errors in their Subjective Visual Vertical test 
(SVV)2, 3) and more postural sway following a visual disturbance compared with younger adults4, 5). These results suggest 
that older people may have higher levels of visual dependence on orientation and balance. However, a greater inter-individual 
variability in levels of visual dependence was observed in older people4–6). Additionally, visual dependence could affect 
postural control5), increase attentional demands7) and relate to vertigo and dizziness8), but inconsistent results have been 
found in previous studies. Therefore, the aim of the study was to investigate the relationship of visual dependence to age, 
balance, attention, and vertigo.

SUBJECTS AND METHODS

Twelve healthy younger (20–50 yrs) and 24 older (>60 yrs) adults, including 12 visually independent (VI) and 12 visually 
dependent (VD) older adults with the highest and lowest SVV tilt values respectively measured by the Rod and Disc Test 
(RDT)9), were recruited from neighboring communities. All participants were screened for exclusion criteria including: (1) a 
medical history of neurological, vestibular, and proprioceptive impairments; (2) uncorrected visual impairment or binocular 
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visual acuity (with corrective lenses) of worse than 20/40; and (3) more than one fall in the past year. They gave written 
informed consent to participate in the study, which was approved by the Human Research Ethics Committee at National 
Cheng Kung University (NCKU HREC-E-105-133-2). All participants were assessed for degrees of visual dependence, 
balance ability, dual-task performance and experience of situational vertigo in a randomized order.

Levels of visual dependence were determined by SVV tilt values as measured by the RDT9) (Fig. 1). Participants were 
asked to set a small tilted rod on a computer screen to their perceived vertical, with florescent discs static and rotating 
around the center of the visual field. The RDT evokes deviation of the SVV in the direction of rotation. Greater SVV tilt 
represents a higher level of visual dependence. Balance ability was assessed by Clinical Test of Sensory Interaction for 
Balance (CTSIB)10). All participants stood with their hands at their sides, feet together, and completed 6 sensory scenarios 
with various visual and supporting conditions (Table 1). Visual disturbance was provided by the rotating RDT image without 
a central rod. Balance was evaluated by postural sway acceleration (m/s2), which was measured using a smartphone device 
(Apple iPhone 4s, Apple Computer Inc., USA) loaded with the SPARKvue Application software (v2.5.0, PASCO Scientific, 
USA). Sway acceleration was recorded for 20 seconds with a sample frequency of 100 Hz and the median 10 seconds were 
analyzed. Mean sway acceleration in each condition was normalized to baseline. Greater sway acceleration reflected poorer 
balance ability. Participants were asked to perform the Timed Up and Go Test (TUG)11) as a single task, and then implement 
it again with a cognitive task (subtracting 3 from 100) as a dual task. The TUG test requires a participant to stand up from 
a chair, walk three meters, turn around, and walk back to the chair sit down. The amount of time needed to complete either 
single or dual tasks were recorded and calculated as dual-task cost. Dual-task cost=|(single task-dual task)|/single task. The 
Situational Vertigo Questionnaire (SVQ)8) consists of 19 questions with a score from 0 to 4. It measures how frequently 
symptoms of disorientation, dizziness, or vertigo are provoked in visually intense environments. Higher mean score repre-
sents more frequent symptoms.

All data are presented as mean  ± standard deviation (SD). SPSS (Version 19.0. Armonk, NY, IBM Corp.) was used for 
all statistical analysis with the significance assumed at p<0.05. Kruskal-Wallis test with post hoc Mann-Whitney U Test 
was performed to examine age, SVV tilt values, dual-task cost, SVQ score, C3 and C4 in CTSIB while analysis of variance 
(ANOVA) with post hoc Bonferroni test was used for the C2, C5 and C6 in CTSIB among younger adults, VI older and VD 
older adults.

RESULTS

The participants’ characteristics and results of assessment are presented in Table 2: (1) the VD older adults had significantly 
greater SVV tilt values than the VI older (p<0.001) and younger (p<0.001) adults; however, there was no difference between 
the younger adults and the VI older adults; (2) the VI (p<0.001) or VD older (p<0.001) adults were older than younger adults 
but no difference in age was found between VI and VD older adults; (3) the only significant difference was observed in C5 
(p=0.04) and C6 (p=0.001) of the CTSIB with greater sway acceleration in VD compared with younger adults. Greater sway 
acceleration was also noted in VD compared to VI older adults in C6 (p=0.009); (4) dual-task cost did not differ between 
groups; (5) there was a significantly lower SVQ score for VD older than for younger adults (p=0.004).

Fig. 1.  The rod and disk test

Table 1.  Balance ability was assessed in six sensory condi-
tions with three visual and two supporting conditions

Visual conditions

EO EC
Visual  

disturbance

Supporting 
conditions

Firm surface C1 C2 C3
Foam surface C4 C5 C6

EO: Eyes open, subjects stood looking at the static RDT im-
age; EC: Eyes closed, subjects stood quietly with both eyes 
closed; Visual disturbance: subjects stood while looking at 
the RDT image with discs rotating; subjects stood on firm 
and foam (Airex Elite Non-slip Foam Balance Pad, USA) sur-
faces.
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DISCUSSION

The study aims to investigate the relationship of visual dependence to age, balance, attention and vertigo in younger 
adults, VI older and VD older adults. The finding was VD older adults had significantly greater SVV tilt values than both 
younger and VI older adults; however, there was no difference between the latter two. Either VI or VD older adults were older 
than younger adults but similar age was found between VI and VD older adults. VD older adults had significantly greater 
sway acceleration in C5 and C6 of CTSIB than younger adults as well as in C6 compared VI older adults. Dual-task cost was 
similar between groups but SVQ score was significantly lower in VD older adults compared to younger adults.

The study found that some of the older adults had higher levels of visual dependence while the others had similar or even 
lower visual dependence than younger adults. Also, VD older adults were not significantly older than VI older adults. This 
indicates that levels of visual dependence may not necessarily be higher in older adults, which is in contrast with previous 
studies that found that levels of visual dependence increase with age2, 3). Higher visual dependence is thought to be a response 
to vestibular or proprioceptive impairments12). However, the mechanism of increased visual dependence in older people is 
still unclear. It could be due to age-related decline in the function of vestibular or proprioceptive systems13). In this study, 
all participants were healthy without a medical history of sensory impairments. Some of them however, possibly VD older 
adults, may have sub-clinical or undiagnosed peripheral sensory dysfunctions1, 3, 14). Therefore, increased visual dependence 
in older adults could primarily result from age-related impairments rather than age per se, suggesting that impairments may 
have more influence than chronological age15).

VD older adults showed greater statistically significant instability than younger adults in C5 and C6 of CTISB and even 
had significant imbalance compared to age-matched VI older adults. However, there was no difference between younger 
adults and VI older adults. These findings suggest increased visual dependence may have more impact on balance ability than 
age. In fact, degenerated balance with age has been reported as not necessarily linear15, 16). Some of the older adults did not 
have age-related impairments so that their balance ability may not differ from younger adults. Additionally, VD older adults 
showed instability only in C5 and C6, where visual and proprioceptive senses are simultaneously altered and vestibular input 
is only available to maintain balance, indicating they may have vestibular impairments and are unable to solve a situation 
involving visual-proprioceptive conflict. The result was not surprising because a reduction in vestibular function has been 
well-documented in older people17, 18) and recent studies report that vestibular impairments may have a greater association 
with elevated visual dependence than proprioceptive impairments19) although visual dependence may be due to a compensa-
tion of either vestibular or proprioceptive dysfunctions.

Visual dependence is also considered a kind of sensory reweighting deficit20). Older adults with increased visual depen-
dence might have difficulty adapting to different sensory environments or when potentially conflicting information is arriving 
from different sensory systems21) such as C5 and C6. This might be due to slower central processing of sensory information6) 

Table 2.  Participant characteristics

Younger adults  
(n=12)

LVD older adults 
(n=12)

HVD older adults 
(n=12)

Gender
Male, n (%) 5 (42) 4 (33) 1 (8)
Female, n (%) 7 (58) 8 (67) 11 (92)

Age (years)
Mean (SD), range 34 (10), 20–49 66 (5), 61–76* 64 (2), 60–68*

SVV tilt (degrees)
Mean (SD), range 2.5 (2.4), 0.7–9.3 2.7 (1.0), 0.9–4 6.6 (3.4), 4.1−16.2*‡

CTISB, Mean (SD)
C2 1.1 (0.2) 1.2 (0.3) 1.3 (0.2)
C3 1.1 (0.3) 1.2 (0.4) 1.2 (0.2)
C4 1.3 (0.4) 1.4 (0.4) 1.7 (0.5)
C5 2.5 (0.7) 2.8 (1.3) 3.6 (1.1)*
C6 1.8 (0.5) 2.1 (0.9) 3.0 (0.6)*‡

Dual-task cost
Mean (SD), range 0.1 (0.1), 0.0–0.2 0.2 (0.2), 0.0–0.8 0.2 (0.4), 0.0–1.4

SVQ score
Mean (SD), range 0.3 (0.2), 0.0–0.8 0.2 (0.2), 0.0–0.8 0.1 (0.1), 0.0–0.2*

*Significantly different to younger adults (p<0.05).
‡Significantly different to LVD older adults (p<0.05).
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and slower adaptive multi-sensory reweighting22). Consequently, they lengthen the postural adaptation process and exhibit 
worse balance performance in more challenging sensory conditions23).

A trend towards increased dual-task cost was noted in older adults, particularly those with VD, but this was non-significant. 
Older adults may have greater cognitive demands than younger adults, and those with higher visual dependence, more so, 
which is in line with previous studies6, 7). Older adults, particularly those with impaired balance, have been reported to 
have greater attentional demands in either simple or challenging tasks compared with younger adults6, 24). VD older adults 
were relatively more unstable than VI older adults, and also showed poorer performance in a dual-task situation. In fact, 
divided attention capability was found to correlate with visual dependence7). People with lower visual dependence may have 
resistance to distraction25), while people with higher visual dependence have an inability to ignore stimulation26). Therefore, 
the latter have poorer divided attention ability so they have difficulty in dual or multiple tasks. However, the dual task cost 
was not significantly different between groups. It may be due to a lack of visual interference components involved in the task 
such as absent, reduced, or inaccurate visual inputs6). There seems to be no effect on visually dependent individuals as long 
as tasks are performed in a stable visual environment, which is in agreement with previous findings that people with visual 
dependence only experience difficulty in resolving situations where visual information is complex or incorrect8).

The interesting finding in this study was that the SVQ score was significantly lower in VD older adults than younger 
adults, although the mean scores obtained in all groups were between 0 and 1. It indicates all participants have experienced 
“not at all” or “very slight” symptoms of vertigo in visually intense environments. In previous studies, vertigo is often 
reported by patients with vestibular disorders. They complain of dizziness, disorientation and imbalance which is associated 
with increased visual dependence8). However, VD older adults with possible vestibular impairments in this study did not 
report obvious symptoms of vertigo. This was similar to previous studies that visual dependence was not necessarily associ-
ated with dizziness27, 28). Therefore, these findings highlight the need of for visual dependence test so that related impairments 
could be detected, not just those reporting vertigo.

In conclusion, the study aims to investigate the relationship of visual dependence, to age, balance, attention and vertigo 
in younger adults, VI older adults and VD older adults. The principal findings were that VD older adults had significantly 
higher visual dependence than younger adults and VI older adults, but there was no difference between the latter two, and VD 
older adults were not older than VI older adults. These findings suggest older adults did not necessarily have increased visual 
dependence, and impairments may be more influential than chronological age. Additionally, VD older adults had greater 
significant instability than younger adults and VI older adults in a sensory condition with altered visual and proprioceptive 
inputs. This implies that increased age-related visual dependence could be associated with vestibular impairments. Although 
all participants had similar dual task performance, VD older adults displayed difficulty in dividing their attention. Daily 
activities in everyday life are complicated and challenging. Multi-tasking could consume more cognitive resources and divert 
more attention from postural control and therefore increase imbalance and the risk of falling.

Finally, younger adults surprisingly showed more frequent symptoms of vertigo than VD older adults, but all participants 
experienced almost none of the symptoms in visually busy environments. This alerts us to the fact that higher visual depen-
dence could be concealed if there was no reported vertigo and therefore risks of imbalance and even falling due to visual 
dependence may be increased.
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