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ABSTRACT 

 

Background: Contrast sensitivity loss has a profound effect on vision. With decreased 

contrast sensitivity, spatial localization can be negatively affected. Spatial localization is 

one of the key elements needed to accurately and efficiently navigate one’s environment. 

The aim of this study was to quantify the magnitude of contrast sensitivity loss that 

predisposes patients to falls. Methods: This study was a retrospective review of 

electronic health record data gathered at the Ferris State University Eye Center. Thirty-

six patient records were reviewed. Only records obtained in the Vision Rehabilitation 

Service were reviewed. These records were used to associate the incidence of falls with 

contrast sensitivity loss. Data collected included age, ocular diagnoses, fall history, any 

difficulties with orientation and mobility, and contrast sensitivity values. This data was 

inputted into a spreadsheet with all patient identifying information removed. Results: We 

expected there to be a positive correlation between contrast sensitivity loss and a history 

of falls. A statistical analyzation of the data gathered was completed to uncover the link 

between contrast sensitivity and falls. This information was studied and analyzed to 

determine the range of contrast sensitivity loss which leads to a higher probability of 

future falls. Through our analysis, we discovered that there was a weak correlation 

between contrast sensitivity loss and a history of falls. A stronger correlation was 

discovered between contrast sensitivity loss and orientation and mobility deficits. The 
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strongest correlation made was between increasing age and orientation and mobility 

deficits. Conclusions: The results of this study will advance the field of optometry, 

specifically in the field of low vision, by allowing practitioners to better predict the risk 

of falls in the low vision population as it relates to loss of contrast sensitivity. This will 

allow practitioners to better prepare and equip their patients so falls may be avoided in 

the future. With the information gathered in this study, optometrists can provide the 

appropriate devices and make the appropriate referrals to better assist this population. 
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CHAPTER 1 

INTRODUCTION 

It is common for those in the elderly population to fall. Unfortunately, the 

incidence of falls among the elderly is one-third each year, and this increases for those 

living in any type of care facility.1 Falls in any population significantly contribute to 

health care costs and place a financial burden on the economy. In 2013, $34 billion were 

spent on direct medical costs for individuals older than 65 that experienced falls; studies 

have shown that vision is a contributing factor to the incidence of falls.2,3,4 Hospital 

patients tend to have a higher rate of falls; through research it has been discovered that 

vision loss is also higher among hospital patients, suggesting a link between vision loss 

and falling.4  

It is well known that vision often decreases with increasing age, due to an 

increased prevalence of ocular conditions such as macular degeneration, cataracts, 

glaucoma, and diabetic retinopathy. Ocular conditions such as these often lead to visual 

impairment and low vision. According to the American Optometric Association, low 

vision is a term used for anyone who has reduced vision despite best optical correction.5 

These individuals are also considered visually impaired and are classified by the World 

Health Organization based on certain classifications of visual acuity and visual field loss. 

According to the World Health Organization, 285 million people are visually impaired in 

the world.6 Of these, 2.8 million older adults have severe vision impairment.2 For 

individuals between the ages of 70-74, 2.6% have some type of visual impairment; for 
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those between ages of 75-80, the prevalence increases to 4.8%.1 With visual impairment, 

there is typically a loss of functional vision as well. According to Dhital et.al, functional 

vision loss is a better predictive factor for the risk of falls than solely visual acuity loss.7 

Functional vision relates to visual skills needed to perform activities of daily living. 

These skills affect one’s ability to maneuver his environment and live independently. In 

order to appropriately assess functional vision, other factors should be considered such as 

contrast sensitivity, depth perception and peripheral vision.1 

Currently available studies typically use measurements of visual acuity to predict 

the risk of falls. Many studies focus solely on the elderly population. One study focusing 

on elderly patients with age-related macular degeneration (AMD) showed a correlation 

between decreased contrast sensitivity, typically associated with AMD, and risk of falls 

and injuries. This same study also demonstrated that visual acuity alone was only 

associated with falls and not with injuries.3  Of the individuals living with blindness, 82% 

are aged 50 and above. Not only are many older individuals suffering from visual 

impairment, but there are 1.4 million people under age 15 that are blind.6 Individuals who 

are visually impaired are at a higher risk for experiencing falls, and one study found that 

more than 40% of low vision patients fell each year.8 The goal of this study was to 

examine the link between falls in the low vision population and a decrease in contrast 

sensitivity. A primary objective was to expand the subject population to include a variety 

of patient ages, focusing on those who are established as members of the low vision 

patient population.  

Many studies have attempted to show a link between decreased visual function 

and an increased risk of falls. Such studies have predominantly focused on visual acuity 
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while also including contrast sensitivity, depth perception, and visual field loss as risk 

factors. As an important part of assessing functional vision, contrast sensitivity can have 

a profound effect on overall visual function and spatial localization. A study published by 

Lord et. al demonstrated a link between falls in the elderly population and an impaired 

contrast sensitivity and depth perception associated with the use of multifocal glasses. 

They positively identified falls involving tripping and a decrease in perceived obstacles 

due to impaired depth perception and specifically decreased edge-contrast sensitivity.9 

This study attempted to assess a similar correlation between contrast sensitivity and the 

risk of falls in the low vision population.  

While vision is a large factor that contributes to an increased risk for falls, the 

presence of physical and mental comorbidities should also be explored. According to a 

study by Court et. al, visually impaired patients aged 65 years and older are more likely 

to have more physical and mental health comorbidities as compared to individuals of the 

same age without visual impairment.10 This is important to remember when coordinating 

care of the patient. Optometrists may be the first ones to diagnose the patients with vision 

loss. As such, they need to be aware of the importance of having these patients evaluated 

thoroughly to uncover any existing physical and mental comorbidities in order to prevent 

future falls and mobility issues.  
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CHAPTER 2 

METHODS 

The sample population gathered included thirty-six men and women ages 19 to 

94. All individuals in the sample population were members of the low vision community. 

The data was gathered from electronic health records at the University Eye Center at the 

Michigan College of Optometry. Subjects of the study did not participate in a survey; 

charts were retrospectively reviewed. All information gathered was de-identified and 

placed in a spreadsheet for review. The information gathered included patient age, ocular 

diagnoses, a history of falls, a history of orientation and mobility issues, contrast 

sensitivity findings, the date of their examination, and the random identification number 

assigned to each patient.  

 Of the population collected, 10 individuals (27.8%) had a primary diagnosis of 

nonexudative macular degeneration as a cause of their vision loss, 4 (11.1%) had 

exudative macular degeneration, 7 (19.4%) had optic atrophy, 1 (2.8%) had diabetes 

mellitus with ocular complications, 4 (11.1%) had visual field loss, 2 (5.6%) had 

glaucoma, 3 (8.3%) had ocular albinism, 5 (13.9%) had retinal dystrophies, and 4 

(11.1%) had other ocular diseases. These other ocular diseases included optic nerve head 

drusen, macular scars, microphthalmos, and aniridia. 

 Collection of data regarding a history of falls was completed through the use of a 

patient questionnaire completed at the time of the examination. This verbal survey was 
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given to all entering low vision patients at each examination and included questions 

regarding a history of falls and difficulty with orientation and mobility. 

 Contrast sensitivity testing was performed using the MARS Letter Contrast 

Sensitivity Test during the examinations. The test chart includes 48 letters which are 

arranged in 8 rows. It is intended to be tested at a distance of 50 cm, and each letter 

subtends 2 degrees at the given test distance. Each letter from left to right decreases in 

contrast by a factor of 0.04 log units and continues to do so moving down each row.11 

Patients are asked to read the letters from left to right and continue down the chart until 

they are no longer able to do so. Size of the letters remains consistent while each set of 

three letters decreases in contrast. The MARS Letter Contrast Sensitivity Test is 

accompanied by a scoring sheet which identifies different levels of contrast sensitivity 

loss into the following categories: normal for middle/young adults, normal for individuals 

greater than age 60, moderate, severe, and profound.  

 The test is administered at a distance of 50 cm from the patient but may be moved 

up to 25 cm depending on the severity of the patient’s visual deficits. The test is 

performed while the patient is undilated, and patients should wear their preferred optical 

correction for comfortable viewing at the test distance. The chart should be viewed in a 

room with full illumination, which includes the use of the standard ophthalmic equipment 

stand lamp and uniform illumination.11  

 Results of the MARS Letter Contrast Sensitivity Test are recorded in logarithmic 

values. These values are collected using the logarithmic value prior to two consecutive 

misidentified letters. The number of misidentified letters prior to this last correct letter is 

multiplied by 0.04. This “scoring correction” is subtracted from the logarithmic contrast 
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sensitivity value at the final correct letter to achieve the true contrast sensitivity measure. 

The true contrast sensitivity value can then be sorted into one of 5 categories of loss (as 

shown in Figure 1).11  
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CHAPTER 3 

RESULTS 

Of the 36 members of this study, 22 (61.1%) reported having difficulty with 

orientation and mobility. Of those with difficulty, 8 (22.2%) answered yes to having a 

history of falls. A history of falls without other orientation and mobility issues was 

reported in 3 (37.5%) individuals. The highest percentage of contrast sensitivity loss in 

the population studied was moderate (39%) followed by severe (33%), profound (11%), 

normal for individuals over 60 (11%), and normal for young/middle-aged adults 

(6%) (see Figure 2). There were 5 (13.89%) total individuals who had a normal contrast 

sensitivity level based on their age while all others were reduced (see Figures 2 and 3). 

While the trend lines on Figures 4 and 5 seemed to suggest an association 

between decreased contrast sensitivity and a higher risk for falling, the percentages of our 

sample population who reported a history of falls did not support this conclusion. Of 

those that responded positively to a history of falls, 87.5% had contrast sensitivity 

findings of moderate loss or worse. This initially seemed to suggest a strong link between 

falls and decreased contrast sensitivity. However, upon further extrapolation of the data, 

85.7% of those that responded negatively to a history of falls also had a contrast 

sensitivity of moderate loss or worse. These two percentages are very similar and 

demonstrate that contrast sensitivity loss most likely does not predispose an individual to 

an increased risk of falls. Of the total number of subjects who had decreased contrast 
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sensitivity relative to their age group, 96.4% did not have a history of falls. This further 

supports that contrast sensitivity loss may not lead to a higher probability of falls. Upon 

further analysis of the data, a probability of correlation or p-value was determined for 

those patients with decreased contrast sensitivity and a history of falls. The p-value 

calculated was 0.0001 which suggests that there was strong evidence to support the initial 

hypothesis that contrast sensitivity loss is linked to a history of falls. Even though the p-

value was strong, this value was based on a small sample size and data that was weakly 

correlated.  

Despite a lack of evidentiary support for a link between contrast sensitivity loss 

and falls, the data does suggest a weak relationship between contrast sensitivity loss and 

general orientation and mobility deficits.  Of those that responded positively to 

orientation and mobility problems, 86.4% also had a contrast sensitivity of moderate loss 

or worse. When compared to those that responded negatively to orientation and mobility 

problems, only 64.3% had a contrast sensitivity of moderate loss or worse. This 

suggested that decreased contrast sensitivity places an individual at increased risk for 

difficulties with orientation and mobility. The trend lines shown in Figure 6 suggest a 

negative correlation between orientation and mobility problems and contrast sensitivity 

loss. However, the coefficient of determination shows a weak correlation for both trend 

lines represented on the figure. Using the coefficient of determination, a p-value was 

approximated. The p-value for patients with contrast sensitivity loss and a positive 

history of orientation and mobility deficits was 0.1907. This value suggests that there is 

not enough evidence that patients with contrast sensitivity loss will respond positively to 

having a history of falls. However, it also means that there is not enough evidence that 
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patients with contrast sensitivity loss will not respond positively to having a history of 

falls.  

Orientation and mobility issues are positively correlated to increasing age (see 

Figure 6). There were a total of 15 individuals over age 65 that participated in our study. 

Of those individuals, 100% reported orientation and mobility problems. The p-value for 

individuals greater than age 65 with a history of orientation and mobility deficits was 

0.00001 which is very strong. This means that there is strong evidence to support the 

theory that individuals aged 65 and older will respond positively to a history of falls. 

Those individuals below age 65 were much less likely to report falls and other orientation 

and mobility difficulties. Increasing age also shows a mild-moderate relationship to 

decreasing contrast sensitivity (see Figure 2). Of those greater than age 65, 92.3% had 

contrast sensitivity loss of moderate or worse. 
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CHAPTER 4 

DISCUSSION 

 
 The results of this study were different than anticipated when the decision was 

made to research the link between contrast sensitivity and increased prevalence of falling. 

It was interesting to find that while there was a weak correlation between contrast 

sensitivity loss and falling, there was a stronger correlation between orientation and 

mobility deficits and contrast sensitivity loss. The correlations drawn from this study may 

be weak, but there were some limitations to the study which brought about unforeseen 

flaws.  

One major flaw with this study was the small sample size used. It is challenging 

to draw meaningful conclusions from the data of only 36 individuals. This 36-person 

sample size represents only a small fraction of the low vision population as a whole. This 

study was limited by the number of low vision patients seen at the University Eye Center 

with documented contrast sensitivity measurements and fall history. While a goal of our 

study was to focus on a variety of ages rather than just the elderly population, the low 

vision community is comprised predominantly of individuals greater than age 65 solely 

due to the higher prevalence of ocular conditions found among these individuals. This is 

represented in the study with the mean age of the participants being 61.08 years, and 

41.67% of the total individuals studied being over the age of 65.  
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 Another flaw was that the only visual impairment factor studied was contrast 

sensitivity. Visual impairment can occur in not only contrast sensitivity loss, but in a 

variety of other visual measures such as visual acuity, depth perception, and visual field 

loss. A study performed by Lord et. al showed that decreased contrast sensitivity and 

depth perception were the most influential factors for falls. This study exhibited that the 

most relevant predictor of multiple falls was depth perception with decreased low-

contrast visual acuity following.12 This suggests a correlation between decreased contrast 

and incidence of falls. However, other factors may have had significant influence over 

the patient’s ability to navigate their environment and may have more positive association 

to fall risk in this population.  

The last flaw with this study was the reliance on subjective input supplied by the 

patients. The questionnaire given to all patients in the Vision Rehabilitation Service 

asked if the patient had any history of falls. It did not define for the patient what was 

constituted a fall. It also did not ask when the patient had fallen or how many times. This 

allowed for the patient’s own interpretation of what it meant to fall or have difficulty with 

a certain task, such as walking, bumping into things, or using the stairs. The perception of 

the patient on their ability to navigate their environment was likely to be influenced by 

other factors such as age, physical limitations, onset of their visual impairment, etc.  

One significant finding from the study was the correlation between orientation 

and mobility problems with decreased contrast sensitivity and increased age. Through the 

research conducted in this study, there was a correlation shown between increasing age 

and decreasing contrast sensitivity. It is well proven that increasing age is related to 

orientation and mobility difficulties.1,9 There are confounding factors to be considered 
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such as an increase in health problems, physical limitations and systemic diseases in the 

elderly population that contribute to risks of falls and injuries. Unfortunately it is 

impossible to distinguish which factors are responsible; there is a high likelihood that 

multiple factors are at fault.  In order to isolate decreased contrast sensitivity as a risk 

factor for falls, it would be necessary to exclude individuals with an increased incidence 

of falls due to age and health conditions that put them at a higher risk for falling. A study 

performed on older adults with AMD revealed that of all the elements considered, 

contrast sensitivity was the strongest prognostic factor for fall risk.3 The parallel between 

decreased contrast sensitivity and falls was corroborated by other studies on the general 

population. These studies indicate a stronger connection between contrast sensitivity and 

falls than those found between age and falls, as in our study.13,14  

The results of this study affect the way eye care providers should practice in 

regard to patients ages 65 and older. Any individual over 65 is at increased risk of having 

orientation and mobility deficits which also puts them at a higher risk for falls. 

Practitioners should be aware of this and educate their patients on preventative strategies, 

as falling has not only implications on the health of patients, but large financial 

consequences as well. One important fall prevention strategy for optometrists to discuss 

with their patients relates to the optical correction options best for the patients. According 

to a study by Lord et. al, older patients wearing multifocal glasses such as progressive 

addition lenses have impaired edge contrast sensitivity.9 This can lead to a loss of depth 

perception, which makes safe ambulation difficult. It would be wise to counsel patients, 

especially those with a history of visual impairment, regarding this risk and may be 

advantageous to recommend separate distance and near glasses to avoid future issues. 
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Another important consideration for eye care providers would be to establish a 

relationship with an orientation and mobility specialist. While maximizing a patient’s 

visual potential would help to decrease the risk of future falls, this does not entirely 

eliminate the risk. Referring patients to an orientation and mobility specialist may help 

them to learn strategies for preventing future falls.    
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Age Contrast 
sensitivity 

General orientation 
and mobility 
deficits 

Falls Difficulty with walking, 
stairs, and bumping into 
objects  

24 normal No No No 

46 normal  Yes Yes Yes 

53 normal  Yes No Yes 

68 normal  No No No 

35 normal >60 Yes No Yes 

34 normal >60 Yes No Yes 

31 normal >60 Yes No Yes 

61 normal >60 No No No 

19 moderate No No No 

35 moderate No No No 

49 moderate No No No 

53 moderate No No No 

55 moderate Yes No Yes 

61 moderate No No No 

73 moderate Yes No Yes 

82 moderate Yes Yes No 

84 moderate Yes No Yes 

88 moderate No No No 

89 moderate No No No 

90 moderate Yes No Yes 

90 moderate  Yes No Yes 

94 moderate Yes No Yes 

33 severe Yes Yes Yes 

35 severe Yes No Yes 

41 severe Yes No Yes 
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54 severe  No No No 

56 severe Yes Yes No 

63 severe Yes No Yes 

74 severe Yes Yes Yes 

75 severe Yes Yes No 

84 severe Yes No Yes 

84 severe  No No No 

85 severe Yes Yes Yes 

90 severe Yes No Yes 

52 profound  Yes Yes Yes 

59 profound  Yes No Yes 

Total 
Yes 

 
24 8 21 

Figure 3 
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Figure 5 
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Figure 6 
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using human subjects in the study, “The relationship between contrast sensitivity loss and falls in 
a low vision population ” (#160410) and determined that it meets Federal Regulations Exempt-
category 1E.  This approval has an expiration date of three years from the date of this letter.  As 
such, you may collect data according to the procedures outlined in your application until May 
4, 2019. Should additional time be needed to conduct your approved study, a request for 
extension must be submitted to the IRB a month prior to its expiration.    
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correspondence involving this same research procedure. Approval mandates that you follow all 
University policy and procedures, in addition to applicable governmental regulations.  Approval 
applies only to the activities described in the protocol submission; should revisions need to be 
made, all materials must be approved by the IRB prior to initiation. In addition, the IRB must be 
made aware of any serious and unexpected and/or unanticipated adverse events as well as 
complaints and noncompliance issues.   

This project has been granted a waiver of consent documentation; signatures of participants 
need not be collected.   
  
As mandated by Title 45 Code of Federal Regulations, Part 46 (45 CFR 46) the IRB requires 
submission of annual reviews during the life of the research project and a Final Report Form 
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