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Abstract—To investigate the relationship between depression 
and quantitative measures of visual function, we recruited 
18 subjects with central scotomas from macular degeneration 
who were enrolled in a reading rehabilitation program. Psycho-
logical batteries and reading assessments were administered 
prior to rehabilitation; reading assessments and a measure of 
adaptation to vision loss were administered following rehabili-
tation. We investigated relationships between reported levels of 
depressive symptoms and reading and adaptation outcome 
measures by using Pearson product moment correlation analysis.
Results revealed a significant relationship between depression 
levels and reading acuity difference scores (r(16) = 0.54, p = 
0.02) and changes in adaptation to vision loss levels (r(16) = 0.62, 
p = 0.01), suggesting that those who reported greater depres-
sive symptoms did not respond as well functionally to reading 
rehabilitation but reported greater improvement in levels of 
adaptation to vision loss following rehabilitation. Future 
research should focus on defining standard methods to assess 
and remediate depression as part of the rehabilitation process.

Clinical Trial Registration: ClinicalTrials.gov; NCT00125632,
“Measuring Reading Rehabilitation Outcomes”; http://www. 
clinicaltrials.gov .

Key words: acquired vision loss, adaptation, age-related macu-
lar degeneration, central vision loss, depression, low vision, 
macular disease, outcomes, psychosocial factors, reading, 
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INTRODUCTION

Approximately 3.4 million Americans over the age 
of 40 are currently affected by blindness or some form of 
visual impairment [1]. Age-related macular degeneration 
(AMD) ranks third among global causes of visual impair-
ment and accounts for 8.7 percent of blindness cases. 
AMD remains the primary cause of visual deficiency in 
industrialized countries and is the leading cause of blind-
ness in persons over age 65 [1]. By the year 2030, when 
the older population is expected to double, the number of 
people with blindness and other visual impairments will 
increase dramatically [2]. Therefore, strengthening current
strategies of prevention and care to prepare for these 
demographic and epidemiologic trends is necessary.

Abbreviations: AMD = age-related macular degeneration, 
AVL = Adaptation to Age-Related Vision Loss Scale, CES-D = 
Center for Epidemiologic Studies Depression Scale, LogMAR =
logarithm of the minimum angle of resolution, MMSE = Mini-
Mental Status Examination, MNREAD = Minnesota Low Vision 
Reading Acuity Chart, PRL = preferred retinal locus, SD =
standard deviation.
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AMD is a progressive disease that creates severe diffi-
culties in reading and in the performance of other daily 
activities. The unpredictable nature of the disease makes 
adaptation challenging and results in a psychological bur-
den. Sudden vision loss causes changes in lifestyle that 
have a major effect on individuals, affecting both psycho-
logical functioning and quality of life. The inability to 
perform simple everyday tasks can lead to feelings of 
inadequacy, distress, and a loss of independence.

Depression and Vision Loss
The association between depression and visual 

impairment has been well documented [3–10]. In a recent 
study, Hayman et al. used depression inventories to deter-
mine that older adults with visual impairment report 
higher levels of depressive symptomatology than older 
adults without visual impairment [10]. It can be inferred 
that depression was directly related to the experience of 
vision loss, because the findings were independent of 
age, sex, living situation, ethnicity, number of medica-
tions taken, use of antidepressants, and visual acuity.

In addition, individuals with AMD exhibit levels of 
emotional distress regarding their vision loss that are 
comparable with those of individuals with other chronic 
debilitating disabilities such as arthritis and AIDS 
(acquired immune deficiency syndrome) [11]. Williams 
et al. determined that these feelings of distress can be 
directly attributed to a diagnosis of AMD, because they 
found no differences between patients with AMD only 
and patients with AMD in addition to other diseases [11]. 
Williams et al. also found that those with the most recent 
onset of AMD reported the highest levels of emotional 
distress. These findings are similar to those of Rees et al. 
[12]; in their study, 42 percent of the sample reported 
mild to severe depressive symptoms and the authors 
determined vision-specific distress to be the strongest 
predictor of depressive symptoms.

Effect of Depression on Visual Function
For individuals with central scotomas, using an 

eccentric retinal area for visual tasks is necessary, 
because visual tasks such as fixation and reading can no 
longer be performed effectively with the foveal area [13]. 
Reading is one of the most basic activities of daily living 
affected by vision loss; approximately 86 percent of 
patients who seek rehabilitation have problems with 
reading [14]. For this reason, and because it is so valu-

able to communication, reading is often targeted as a goal 
of vision rehabilitation [15].

Very little research has been conducted on the rela-
tionship between vision rehabilitation and mental health 
outcomes among older adults with vision impairment. 
However, suggestions have been made that engaging in 
rehabilitative services has been associated with trends 
toward lower levels of depressive symptoms [3,5]. Rovner
and Casten studied the interrelationships between disease 
severity, disability, and depression in 51 patients with AMD 
[7]. On the basis of in-home clinical interviews, 70 percent 
of patients reported activity loss caused by their compro-
mised vision. Reading, driving, hobbies, and watching 
television were among the most frequently cited activities. 
Of these patients, 27 percent met the criteria for clinical
depression. Correlations revealed significant relationships 
between depression and activity loss as well as disease 
severity and activity loss; however, a significant correla-
tion between visual acuity and depression did not exist. 
Based on these findings, multinomial regression modeling 
was performed, and results revealed that jointly, visual 
acuity and activity loss accounted for 30 percent of the 
variance related to the level of affective distress. Rovner 
and Casten further concluded that disease severity affects 
the reported level of distress only to the extent that vision 
loss affects participation in valued activities.

Brody et al. [16] assessed the effects of participation 
in a self-management group intervention to determine 
whether moods, self-efficacy, and activity improved in 
patients with central vision loss as a result [7]. The 
results of this study showed that patients who received 
the intervention experienced significantly reduced dis-
tress, improved self-efficacy, and increased use of visual 
aids in comparison with the control patients who did not 
receive the intervention. This study demonstrates that a 
behavioral intervention can effectively improve psycho-
logical well being as well as visual function; however, 
standards for screening and treating depression in this 
group are still lacking.

To further advance the field’s understanding of the 
individual components of rehabilitation, Horowitz et al. 
examined the effects of vision rehabilitation services 
(low-vision clinical services, skills training, and counseling)
on depressive symptoms in 95 patients with low vision 
prior to the utilization of services and 2 years following 
[17]. Their study showed that 21 percent of the sample 
experienced consistent depression from baseline to follow-
up, while 13 percent had remitted depression between 
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baseline and follow-up. Horowitz et al. further analyzed 
the various components of the rehabilitation program to 
determine which services aided in reducing depression. 
They found that counseling services significantly contrib-
uted to a significant reduction in depressive symptoms.
This is an important finding, because an investigation of 
1,228 low-vision rehabilitation service entities in the United
States revealed that 88 percent of available rehabilitation 
services solely offer optical aids with basic training, 
while psychological services and support groups are only 
offered 21 and 28 percent of the time, respectively [14].

Current Study
The purpose of our study was to explore the relation-

ship between depression and reading rehabilitation out-
comes. While self-reports of functional decline have been 
linked to depressive symptoms in people with vision 
impairment [18–19], we do not presently know how 
depression is related to quantitative outcome measures of 
visual function. We hypothesized that a significant rela-
tionship would exist between level of depression and 
rehabilitation outcomes, such that those who reported 
greater depressive symptoms would have poorer rehabili-
tation outcomes. We also hypothesized that a significant 
relationship would exist between level of depression and 
changes in adaptation to vision loss levels following 
rehabilitation, such that those with lower levels of 
depression would report greater levels of adaptation fol-
lowing rehabilitation.

METHODS

Participants
We recruited 18 individuals (8 female and 10 male) 

who had significant central vision loss caused by AMD 
from among participants enrolled in a reading rehabilita-
tion program that aimed to improve reading speed in 
those with AMD [20]. Inclusion criteria comprised older 
individuals (50 years) with a diagnosis of AMD. The 
visual acuity requirement comprised better than 20/400 
Snellen equivalent and a documented central scotoma in 
the better-seeing eye. Exclusion criteria comprised those 
with a cognitive impairment (defined as having a Mini-
Mental Status Examination [MMSE] [21] score of <24), 
serious health problems such as terminal illness, other 
major medical conditions, or a neurologic disorder. To 
complete the vision portion of the MMSE, participants 

used magnifiers and/or read enlarged text. None of the 
participants had a history of depression or were receiving 
any type of treatment for depression at the time of the study. 

Measures

Reading Performance
We used the Minnesota Low Vision Reading Acuity 

Chart (MNREAD) [22] to measure reading acuity (loga-
rithm of the minimum angle of resolution [LogMAR]), 
maximum reading speed (words per minute), and critical 
print size, which is the smallest print size the participant 
can read closest to their maximum reading rate. The sen-
tence font sizes for these charts range from 1.3 logMAR 
(20/400 Snellen equivalent) to –0.5 logMAR (20/6 
Snellen equivalent). We instructed the participants to 
read the charts monocularly using their better-seeing eye, 
which was also the trained eye, at a standard reading dis-
tance of 16 in. (40 cm).

Depression
We used the Center for Epidemiologic Studies 

Depression Scale (CES-D) to assess the participants’ levels
of depression. The CES-D has well-established norms 
and established reliability and validity data. Correlations 
with other widely used depression inventories have also 
been reported [23]. We read statements to participants 
and asked them to determine how often during the previ-
ous week they had that experience. Scores can range 
from 0 to 60, with higher scores indicating greater feelings
of depression. A cutoff score of 16 is typically indicative 
of “significant” depressive symptomatology. Examples 
of statements on this scale include “I was bothered by 
things that usually don’t bother me” and “I felt lonely.” 
The term “depression” in this study refers to depression 
as measured by the CES-D.

Adaptation to Age-Related Vision Loss
We used the Adaptation to Age-Related Vision Loss 

Scale (AVL) [24] to assess the participants’ level of adap-
tation to their eye disease. This scale consists of items for 
which participants report their attitudes toward vision 
loss on a Likert scale ranging from 0 to 3. Total scores 
can range from 0 to 72, with higher scores indicating 
greater adaptive functioning. Validity and reliability for 
this measure have been demonstrated to have high internal
consistency and significant correlations with commonly 
used scales [24]. Examples of items in this scale include 
“Because of my vision loss, I feel like I can never really 
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do things for myself” and “A visually impaired person 
can never really be happy.”

Procedures
All participants enrolled in the study received a low-

vision evaluation that included an optometrist prescrip-
tion of reading glasses to be worn throughout the reading 
rehabilitation program. The program comprised one 2-
hour reading training session per week for 8 weeks. Each 
training session presented a series of exercises designed 
for participants to practice eye movements and use 
eccentric viewing techniques. Training began with identi-
fying a parafoveal location, termed a preferred retinal 
locus (PRL), and advanced to reading single letters, 
words, and full sentences with the participant’s PRL 
throughout the program. Reading was the primary out-
come targeted. A trained optometrist administered all 
reading training. A previous publication from our labora-
tory provides more information regarding the develop-
ment of this reading training protocol [20].

We administered reading performance and psycho-
logical assessments to each participant prior to their first 
rehabilitation session. On the last day of rehabilitation 
training, we assessed participants a second time using the 
reading and adaptation measures. Two different members 
of the research team administered the measures so that the
participants’ psychological status was not known at the 
time of reading assessments. Participants performed all 
reading training and reading assessments monocularly 
(using the trained eye).

RESULTS

Participants’ ages ranged from 54 to 87 years (mean ±
standard deviation [SD]: 75.10 ± 8.92 years), with a 
mean visual acuity (measured by Lighthouse Visual Acu-
ity charts) in their better eye of 0.82 logMAR or 20/126 
Snellen equivalent (SD = 0.31) and mean Pelli-Robson 
contrast sensitivity of 0.99 ± 0.42. The racial breakdown 
of subjects was white (n = 15), black (n = 2), and Asian 
(n = 1). Scores on the CES-D ranged from 0 to 31 
(median = 4.0, standard error = 2.28). We found no signifi-
cant correlations between reported levels of depression 
and visual acuity (r(16) = –0.15, p = 0.57) or contrast 
sensitivity (r(16) = 0.08, p = 0.76).

Reading Outcome Measures
We calculated difference scores (post- minus prere-

habilitation training) for each measure of reading perfor-
mance. Pearson product moment correlation analysis 

revealed a significant relationship between levels of 
depression and change in MNREAD (r(16) = 0.54, p = 
0.02) (Figure 1). The correlation suggests that those 
participants who reported less depression experienced 
greater improvement in this measure following rehabili-
tation training. We found no significant correlations 
between levels of depression and the maximum reading 
speed and critical print size measures.

Adaptation to Vision Loss
We calculated difference scores (post- minus prere-

habilitation training) for the AVL. Pearson product 
moment correlation analysis revealed a significant rela-
tionship between levels of depression and change in lev-
els of adaptation to vision loss (r(16) = 0.62, p = 0.01), 
indicating that those participants who reported greater 
depression at the start of rehabilitation reported a greater 
positive change in adaptation after rehabilitation (Figure 2).

DISCUSSION

Relationship Between Depression and Reading 
Outcome Measures 

This study investigated the relationship between 
participants’ perceived level of depression and changes 
in reading performance and levels of adaptation to vision 
loss following vision rehabilitation. An analysis of the 

Figure 1.
Correlation between baseline Center for Epidemiologic Studies 
Depression Scale (CES-D) depression level and Minnesota Low Vision
Reading Acuity Chart outcome measure (post minus baseline score).
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relationship between depressive levels and reading meas-
ures indicated that levels of depression can negatively 
affect intended reading rehabilitation outcomes. These 
findings are consistent with findings from Rovner et al. 
[18] and Iliffe et al. [19] showing that depression can pre-
vent patients with low vision from achieving optimal 
vision rehabilitation outcomes.

Patients with AMD face a number of challenges 
regarding their eye disease and advancing vision loss, 
specifically from stress caused by loss of independence, 
the inability to perform everyday activities, and the risk 
of social isolation. Low-vision rehabilitation programs 
have been developed to help patients with low vision 
regain daily functioning abilities. The overall goal of 
these programs is to address physical adjustment of the 
patients, while psychosocial issues are rarely addressed. 
This is an area that should be considered, because as docu-
mented by this research, these issues can influence the 
way in which individuals adapt to their vision loss, as 
well as how they function.

Hayman et al. found that subjective perceptions of 
health were more important in explaining feelings of 
depression than the actual objective measures of visual 
function [10]. This article supports that finding, because 
reported depressive levels were independent of actual 
visual acuity measurements. Currently, no research has 
explored patient readiness for vision rehabilitation pro-
grams. Our research offers insight into the need to prop-

erly assess participants prior to enrollment in a vision 
rehabilitation program to maximize the effectiveness of 
the program.

Relationship Between Depression and Adaptation to 
Vision Loss

A secondary purpose of this study was to examine 
the relationship between levels of depression and feelings 
of adaptation to vision loss. The results were interesting, 
because Figure 2 shows that those who reported more 
depressive symptoms at the study’s onset reported a 
greater change in feelings of adaptation following reha-
bilitation. We did not administer a postrehabilitation 
depression measure in this study; therefore, it is unknown 
whether depressive symptoms declined as well. How-
ever, these findings are consistent with a study by Rein-
hardt [25], who reports that instrumental support was 
imperative to increasing levels of adaptation.

Vision rehabilitation services can encourage older 
adults with vision impairment. During training, the reha-
bilitation therapist works one-on-one with the patient. 
The components of rehabilitation can help restore activi-
ties that were once lost because of vision loss [8]. In 
addition, literature has shown that reading rehabilitation 
services have served as an independent predictor of 
decreased depressive symptoms in older adults with 
visual impairment [8–9,15]. However, more research is 
needed to determine which aspects of vision rehabilita-
tion can best help relieve depressive symptoms.

Limitations
This sample size was sufficient to test the research 

questions proposed; however, a larger sample size is 
needed for more powerful analyses. In addition, only a 
small portion of the participants reported depression that 
fell into the significantly depressed level of the CES-D 
(total score >16). One reason for this may be that patient 
referral to a vision rehabilitation program is currently not 
standard care; therefore, those who did enroll in the pro-
gram had to exhibit a level of proactive behavior by seek-
ing out the program.

For this study, depression was represented by a self-
report depression scale. Those participants who did not 
feel comfortable reporting depressive symptoms may 
possibly have been misclassified. Also, we administered 
no psychological inventories at the end of the study. 
Therefore, the effect that participation in the rehabilita-
tion program had on depressive symptoms is unknown.

Figure 2.
Correlation between baseline Center for Epidemiologic Studies Depres-
sion Scale (CES-D) depression level and Adaptation to Age-Related 
Vision Loss Scale (AVL) outcome measure (post minus baseline score).
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CONCLUSIONS

Individuals who experience vision loss late in life do 
not just lose visual function but also independence and 
social networks [26]. These experiences can lead to emo-
tional distress and depression. While vision rehabilitation 
programs are designed to increase the level of functional 
ability by optimizing the remaining vision, this article 
demonstrates that psychological status may influence 
vision rehabilitation outcomes. This factor is often over-
looked in the development of vision rehabilitation programs.
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