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Purpose: To examine the association between longitudinal changes in visual acuity (VA) and health-related
quality of life (HRQOL) in a population-based sample of adult Latinos.
Design: A population-based cohort study of eye disease in Latinos.
Participants: We included 3169 adult Latino participants who live in the city of La Puente, California.
Methods: Data for these analyses were collected for the Los Angeles Latino Eye Study (LALES). Distance VA
was measured during a detailed ophthalmologic examination using the standard Early Treatment Diabetic
Retinopathy Study protocol at baseline and a 4-year follow-up examination. We assessed HRQOL by the
National Eye Institute Visual Function Questionnaire (NEI-VFQ-25) and the Medical Outcomes Study 12-Item
Short-Form Health Survey version 1 (SF-12).
Main Outcome Measures: Mean differences in HRQOL composite and subscale scores between baseline
and follow-up were calculated for 3169 participants with complete clinical examination and HRQOL data at both
time points. Mean differences and effect sizes (ES) for NEI-VFQ and SF-12 scores were calculated for 3
categories of VA change over the 4-year follow-up period (VA improved ⱖ2 lines, no change in VA or ⫺2 ⬍VA
⬍2, VA loss ⱖ2 lines).
Results: For participants with a 2-line loss in VA, we noted an approximate 5-point loss in the NEI-VFQ-25
composite score, with the greatest score changes found for the driving difficulties, vision-related mental health,
and vision-related dependency subscales (⫺12.7, ⫺11.5, and ⫺11.3, respectively). For participants with a 2-line
improvement in VA, we also noted an approximate 5-point gain in the NEI-VFQ-25 composite score. The greatest
change (ES ⫽ 0.80) was observed for the driving difficulties subscale. No measurable differences in HRQOL were
observed for individuals without change in VA from baseline to follow-up.
Conclusions: Clinically important, longitudinal changes in VA (ⱖ2-line changes) were associated with
significant changes in self-reported visual function and well-being. Both the size and direction of VA change
influenced change in HRQOL scores.
Financial Disclosure(s): The authors have no proprietary or commercial interest in any of the materials
discussed in this article. Ophthalmology 2010;117:1900 –1907 © 2010 by the American Academy of Ophthalmology.
*Group members of the Los Angeles Latino Eye Study Group listed online in Appendix 1 (available at
http://aaojournal.org).

Vision plays an important role in the ability of people to
process information from their environment and to participate in many everyday activities such as reading, working at
home or in the office, walking, driving, and interacting with
others. People with visual impairment may face challenges
completing these activities, which in some cases may lead to
depression, social isolation, and difficulties at home, in
school, or at work. We previously reported on significant
associations between visual impairment, including visual
acuity (VA) and visual field loss, and health-related quality
of life (HRQOL) in the Los Angeles Latino Eye Study
(LALES), a population-based study of adults (see Appendix 1;
available at http://aaojournal.org).1
The National Eye Institute Visual Function Questionnaire (NEI-VFQ) was designed to measure areas of visiontargeted functioning and well-being that were identified as
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important by persons with eye disease.2 Findings from
previous studies3– 8 indicate that individuals with visual
impairment have worse HRQOL than those without visual
impairment. Using LALES cross-sectional data, a 2-line
difference in presenting binocular VA was associated with a
5-point difference in the composite NEI-VFQ score.9 In
total, the findings from the literature suggest that early
detection and appropriate treatment of visual impairment is
important for maintenance of HRQOL. The analyses also
indicate that the NEI-VFQ is sensitive enough to detect
differences in HRQOL associated with clinically important
differences in VA.
In the current analysis, we used longitudinal data to
examine the association between changes in VA and
changes in HRQOL over a 4-year follow-up period. We
hypothesize, based on our earlier cross-sectional data, that
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clinically meaningful improvements or losses in VA during
the follow-up period would result in significant changes in
HRQOL. Specifically, we wanted to determine if the association previously reported for cross-sectional data (a 2-line
change in VA was associated with a 5-point change in
HRQOL) was a reasonable indicator of the magnitude of the
association for longitudinal data. Finally, we wanted to
determine which NEI-VFQ subscale scores were most
likely to be impacted by either worsening or improvement
in VA and whether the magnitude of the changes mirrored
each other (is a 2-line loss or improvement in VA associated
with a similar change in HRQOL).

(Humphrey Autorefractor model 509, Carl Zeiss Meditec, Dublin,
CA) was performed. Those who subsequently read ⬍55 letters
while viewing through the prescription determined from the autorefractor underwent a subjective refraction using a standard
protocol followed by a measurement of best-corrected VA. Testing
began at the top of the chart and progressed to sequentially smaller
lines (logMAR levels) provided 3 of 5 letters were identified
correctly. When ⱕ2 letters were identified correctly, testing was
discontinued. Best-corrected VA was defined as best VA measured
at distance after subjective refraction was determined for each eye
and was determined based on the person’s better seeing eye. If a
participant was unable to read 20 letters (20/100 Snellen) at 4
meters, VA measurement was performed at 1 meter.

Health-Related Quality of Life

Methods
Data for these analyses were collected as part of a population-based
study of eye disease in adults living in California. Details of the study
design and data collected have been described previously.1 We completed a census of all residential households in 6 census tracts in La
Puente to identify individuals eligible to be included in the study.
The definition of eligibility included men and women who were
ⱖ40 years of age, self-described as Latino, and who lived in 1 of
the 6 census tracts. Participants were given a verbal and written
description of the study and invited to participate in both a home
interview and a clinic examination between February 2000 and
May 2003. A follow-up interview and clinical examination was
completed approximately 4 years later (January 2004 through May
2008). Informed consent was completed with all participants before they participated in the clinical examination or questionnaire.
All study procedures adhered to the principles outlined in the
Declaration of Helsinki for research involving human subjects.
Institutional review board ethics committee approval was obtained
from the Los Angeles County/University of Southern California
Medical Center Institutional Review Board (approval #969004 and
041004).

Sociodemographic and Clinical Data
An interview was completed at each participant’s home that included information on demographics, history of medical conditions and eye diseases, access to health care, health insurance,
vision insurance, and degree of acculturation.10 Definitions were
based on variables described in the Hispanic Health and Nutrition
Examination Survey.11,12 History of 12 medical conditions was
asked and summarized using a comorbidity summation score that
included diabetes mellitus, arthritis, stroke or brain hemorrhage,
high blood pressure, angina, heart attack, heart failure, asthma,
skin cancer, other cancers, back problems, and deafness or hearing
problems.13–15 Acculturation was measured using the short-form
Cuellar Acculturation Scale, with scale scores ranging from 1 to 5
(5 representing the highest level of acculturation).12

Visual Acuity Testing
Measurement of distance VA in LALES has been described previously.16 –18 Presenting distance VA for each LALES participant
was measured with the presenting correction (if any) at 4 meters
using modified Early Treatment Diabetic Retinopathy Study distance charts transilluminated with the chart illuminator (Precision
Vision, La Salle, IL). Presenting VA was scored as the total
number of lines read correctly and converted to a logarithm of the
minimum angle of resolution (logMAR) score. If a participant read
⬍55 letters at 4 meters in either eye, an automated refraction

Medical Outcomes Study 12-Item Short Form Health Survey. The Medical Outcomes Study 12-Item Short-Form Health
Survey version 1 (SF-12)19 was used to calculate the standard US,
norm-based SF-12 Physical Component Summary (PCS) and
Mental Component Summary (MCS) scores.20 Higher PCS and
MCS scores represent better HRQOL.20 The PCS and MCS are
scored on a T-score metric with the mean equal to 50 and SD equal
to 10 in the general US population.
National Eye Institute Visual Function Questionnaire 5.
Vision-targeted HRQOL was assessed by the NEI-VFQ-25.2,21
This survey measures the influence of visual impairment and
symptoms on generic health domains such as emotional well-being
and social functioning, in addition to task-oriented domains related
to daily visual functioning.2,21 The survey is composed of 12
vision-targeted scales: General health (similar to one of the SF-12
items), general vision, near and distance vision activities, ocular
pain, vision-related social function, vision-related role function,
vision-related mental health, vision-related dependency, driving
difficulties, color vision, and peripheral vision. Each scale consisted of a minimum of 1 and a maximum of 4 items. The standard
recommended algorithm was used to calculate the scale scores,
which have a possible range from 0 to 100. Higher scores represent
better visual functioning and well-being. Eleven of the 12 scale
scores (excluding the general health rating question) were averaged together to yield a composite score.21
Interviewers administered the questionnaires (before the clinical examination) in either English or Spanish at the LALES Local
Eye Examination Center.

Statistical Analyses
Mean differences in HRQOL scores between baseline and
follow-up examinations were calculated and tested for significance
using a paired t-test (P⬍0.05). The proportion of participants who
had ⱖ5 points differences in NEI-VFQ scores between the baseline and follow-up examinations were calculated.
Analysis of variance was used to compare the mean differences
in HRQOL scores by 3 categories of VA change (VA improved
ⱖ2 lines, no change in VA, VA loss ⱖ2 lines) for the bestcorrected, better seeing eye and presenting, better seeing eye or
both eyes. Effect sizes (ES) for NEI-VFQ scores were calculated
for 3 categories of VA change for both presenting and the bestcorrected, better seeing eye. The ES is an index used to measure
the magnitude of impact of 1 variable on an outcome variable. To
measure the impact of the magnitude of VA on HRQOL, ES was
calculated as the difference in the mean scores between the baseline and follow-up examinations divided by the standard deviation
(SD) of the scores for the baseline group.22 Based on Cohen’s
suggestion, an ES of 0.20 – 0.49 is considered small, 0.50 – 0.79
moderate, and ⱖ0.80 or greater.23,24
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To examine the possible nonlinear relationship between changes
in VA and changes in HRQOL, predicted QOL values for NEIVFQ scores were obtained through a regression model conditioned
on an individual’s change in VA (i.e., ⱖ2-line loss, ⬍2-line
change, ⱖ2-line improvement); models were adjusted for age,
gender, education, employment status, income, acculturation,
health insurance, vision insurance, number of comorbidities, visual
field loss, and baseline VA. Predicted mean changes in NEIVFQ-25 scores were plotted against change in VA for the bestcorrected, better seeing eye. An iterative, locally weighted, leastsquares method was used to generate lines of best fit (LOWESS fit
line).25
The reliable change index (RCI) was calculated as a measure of
the statistical significance of individual change in HRQOL. The
RCI is a z test of change between baseline and follow-up, divided
by the standard error of the difference.26 An RCI beyond ⫾1.96 is
indicative of reliable or statistically significant individual change
at the P⬍0.05 level.
Analyses were conducted using SAS software 9.1 (SAS Inc.,
Cary, NC) at the 0.05 significance level. The LOWESS plots were
created with STATA (STATA Corp, College Station, TX).

Results
Description of the Health-related Quality of Life
Study Cohort
The HRQOL study cohort includes 3169 LALES participants with
complete clinical examination and HRQOL data collected at base-

line and at 4-years of follow-up. A total of 7789 participants were
identified as eligible for LALES at baseline; 6142 (79%) had
complete ophthalmic examination data and of these 4650 (76%)
also had complete examination data at the 4-year follow-up examination. A total of 1192 participants were excluded from the analyses
because they did not answer the NEI-VFQ-25 survey at 1 of the 2
time points, 222 were missing covariates, and an additional 67 participants were excluded because they did not answer the SF-12 on the
baseline (n ⫽ 58) or follow-up (n ⫽ 9) questionnaires.
The majority of the LALES HRQOL study cohort is female (61%)
with a mean age of 55 years at baseline and 1 to 2 chronic health
conditions reported on average per person. Half the population reported they were employed at baseline (49.2%) with approximately
53% reporting they had vision insurance. Sixty-six percent of the
population reported less than a high school education.

Changes in Visual Acuity and Health-related
Quality of Life Scores from Baseline to Follow-up
Table 1 summarizes 4-year changes in VA and HRQOL scores
from baseline to the 4-year follow-up examination. The LogMar
VA score differences for presenting (binocular vision or better
eye) and best corrected VA (better eye) indicate that mean VA
became worse over the 4-year follow-up period. The mean difference was small, but significant. With respect to HRQOL scores,
significant increases (P⬍0.0001) were found for 8 of 12 NEIVFQ-25 scales and for the composite score (P⬍0.0001). A significant decrease in the NEI-VFQ-25 General Health score was found
during the same time interval (P⬍0.0001). Consistent with this
finding, the SF-12 PCS was significantly lower at follow-up than

Table 1. Difference between Mean Health-related Quality of Life Scores and Visual Acuity (VA) Logarithm of the Minimum Angle
of Resolution (LogMar) Scores in the Los Angeles Latino Eye Study at the Baseline and 4-Year Follow-up Examinations (n ⫽ 3169)

NEI-VFQ 25
Color vision
Vision-related dependency
Driving difficulty†
Distance vision
General health
General vision
Vision-related mental health
Near vision
Ocular pain
Peripheral vision
Vision-related role function
Vision-related social function
Composite score
SF12
Physical composite score
Mental composite score
VA logMAR
Presenting VA binocular
Presenting VA better eye
Best-corrected better eye

Proportion of
Persons with
>5 Points
Change

LALES I
Mean (SD)

LALES II
Mean (SD)

DIFF
Mean (SD)

P-Value*

2

1

94.3 (14.8)
90.2 (19.2)
88.4 (16.9)
86.4 (18.0)
46.6 (22.9)
68.9 (16.3)
76.8 (21.2)
80.1 (19.4)
78.1 (20.2)
87.6 (20.1)
88.6 (20.7)
93.2 (13.8)
84.2 (14.3)

95.4 (13.6)
93.1 (19.2)
88.2 (17.4)
86.2 (18.3)
44.2 (22.9)
69.5 (16.7)
80.4 (20.9)
82.3 (18.3)
81.1 (18.9)
89.4 (18.8)
90.6 (19.3)
94.6 (12.7)
86.1 (13.8)

1.1 (16.4)
2.9 (20.1)
⫺0.3 (16.3)
⫺0.1 (18.4)
⫺2.3 (22.8)
0.6 (18.6)
3.5 (21.8)
2.2 (20.4)
3.1 (20.7)
1.8 (21.3)
2.0 (21.9)
1.3 (15.0)
1.9 (12.5)

0.0002
⬍0.0001
0.31
0.65
⬍0.0001
0.09
⬍0.0001
⬍0.0001
⬍0.0001
⬍0.0001
⬍0.0001
⬍0.0001
⬍0.0001

9
12
25
26
27
25
32
34
27
16
17
14
20

12
27
23
29
19
27
47
40
40
20
23
20
32

46.4 (9.6)
50.1 (10.7)

45.9 (9.6)
51.7 (10.6)

⫺0.5 (9.3)
1.6 (11.3)

0.0015
⬍0.0001

25
23

22
32

0.014 (0.141)
0.010 (0.134)
0.006 (0.093)

⬍0.0001
⬍0.0001
0.0006

—
—
—

—
—
—

0.002 (0.148)
0.035 (0.154)
⫺0.019 (0.107)

0.012 (0.168)
0.049 (0.171)
⫺0.013 (0.131)

DIFF ⫽ score difference between LALES II (4-year follow-up examination) and LALES I (baseline examination); LALES ⫽ Los Angeles Latino Eye
Study; NEI-VFQ-25 ⫽ National Eye Institute Visual Function Questionnaire; SD ⫽ standard deviation; SF12 ⫽ Medical Outcomes Study 12-Item
Short-Form Health Survey version 1.
*P-value is from the paired t-test.
†
Score could be generated for only 2266 of the participants in the whole sample.
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at baseline (P ⫽ 0.0015); however, the actual change was small.
The SF-12 MCS was significantly higher (P⬍0.0001).

Change in Health-Related Quality of Life
Stratified by Change in Visual Acuity
Table 2 presents mean changes in HRQOL and resulting ES by
best-corrected VA change in the better seeing eye (VA improvement of ⱖ2 lines, no VA change, VA loss ⱖ2 lines) between
LALES baseline and follow-up examinations. Although we also
examined HRQOL differences for presenting VA of the better
seeing eye, and for presenting VA for both eyes, the strongest
associations were found for best corrected VA in the better seeing
eye.
For participants with a 2-line loss in VA over the 4-year period
based on best-corrected VA in the better seeing eye, we found an
average 5.8-point loss in the NEI-VFQ-25 composite score (Table 2).
Losses were greatest for driving difficulty (⫺12.7), vision-related
mental health (⫺11.5), and vision-related dependency (⫺11.3).
Small effects (ES ⫽ ⫺0.20 to ⫺0.49) were observed for 6 NEIVFQ-25 subscales and the composite score. No measurable effect
was found for the NEI-VFQ-25 general health scale or the SF-12
MCS or PCS.
For participants with a 2-line improvement in VA over the
4-year period based on best-corrected VA in the better seeing eye,
we found an approximate 5-point gain in the NEI-VFQ-25 composite score. Small effects (ES ⫽ 0.20 – 0.49) were observed for 6
NEI-VFQ-25 subscales and the composite score. A large score
change (25.0) and effect (ES ⫽ 0.80) was found for the driving
subscale, suggesting that a ⱖ2-line improvement in VA had a
strong, beneficial impact on participants’ perception of their ability

to drive independently. No measurable effect was found for the
NEI-VFQ-25 general health scale or the SF-12 MCS or PCS. No
measurable differences in HRQOL scores were observed for individuals without change in VA from LALES baseline to follow-up
examinations.
For presenting VA in the better seeing eye or presenting VA
based on both eyes, a ⱖ2-line loss in VA was associated with
small effects for the NEI-VFQ-25 driving difficulty subscale. We
observed a small effect for driving difficulty (ES ⫽ ⫺0.28) when
considering presenting VA in the better seeing eye and a small
effect (ES ⫽ ⫺0.43) when considering presenting VA in both eyes
(data not shown). No effects were found among participants with
minimal or no change in VA. For a 2-line improvement in presenting VA in the better seeing eye, small effects were found for
3 NEI-VFQ-25 subscales (vision-related mental health, near vision,
ocular pain) and the composite score. For presenting VA based on
both eyes, small effects were found for 9 of 12 subscales (color vision,
vision-related dependency, distance vision, general vision, visionrelated mental health, near vision, ocular pain, vision-related role
function, and social function) and the composite score (data not
shown). No effects were found for the SF-12 MCS or PCS for
presenting VA in both eyes; a small effect was found for the MCS
for participants with a ⱖ2-line loss for presenting VA in the better
seeing eye (data not shown).
The RCI was used to evaluate the proportion of people with
significant changes in NEI-VFQ-25 scores by VA change using the
best corrected VA of the better seeing eye (Table 3; available
online at http://aaojournal.org). For participants with a 2-line improvement in VA, the greatest proportions of people with significant improvements in HRQOL were found for ocular pain, driving
difficulties, general vision, color vision, distance vision, peripheral

Table 2. Effect Size and Mean Change in Health-related Quality of Life (HRQOL) by Change in Best-corrected Visual Acuity
(VA) of the Better Seeing Eye (n ⫽ 3169)
Mean and Standard Deviation of the Difference in HRQOL Scores between LALES Baseline and
Follow-up Examinations
VA Improved ⱖ 2 Lines
(n ⫽ 31)
NEI-VFQ-25
Color vision*
Vision-related dependency*
Driving difficulty*†
Distance vision*
General health
General vision*
Vision-related mental health*
Near vision*
Ocular pain
Peripheral vision
Vision-related role function
Vision-related social function*
Composite score*
SF12
Physical composite score
Mental composite score

VA Loss ⱖ 2 Lines
(n ⫽ 83)

No VA Change
(n ⫽ 3055)

Mean (SD)

ES‡

Mean (SD)

ES‡

Mean (SD)

ES‡

8.6 (24.3)
1.3 (38.4)
25.0 (31.9)
5.9 (30.5)
⫺1.6 (26.9)
1.9 (18.6)
6.3 (30.4)
11.5 (20.1)
8.6 (24.1)
⫺1.6 (32.3)
⫺0.4 (31.2)
5.9 (24.0)
5.8 (18.3)

0.39
0.04
0.80
0.24
⫺0.07
0.11
0.22
0.46
0.30
⫺0.07
⫺0.01
0.27
0.28

1.2 (16.2)
3.3 (19.0)
⫺0.2 (15.7)
⫺0.05 (18.0)
⫺2.4 (22.6)
0.7 (18.5)
3.8 (21.4)
2.3 (20.3)
3.1 (20.6)
1.9 (21.0)
2.1 (21.6)
1.5 (14.5)
2.1 (12.2)

0.08
0.18
⫺0.01
⫺0.003
⫺0.11
0.04
0.18
0.11
0.16
0.10
0.10
0.11
0.15

⫺3.6 (21.1)
⫺11.3 (37.5)
⫺12.7 (29.6)
⫺4.9 (24.1)
⫺2.1 (25.6)
⫺5.6 (21.5)
⫺11.5 (30.9)
0.6 (24.8)
1.6 (22.6)
⫺2.7 (26.6)
⫺3.4 (28.9)
⫺6.3 (23.4)
⫺5.9 (18.5)

⫺0.19
⫺0.41
⫺0.42
⫺0.23
⫺0.09
⫺0.33
⫺0.43
0.02
0.07
⫺0.11
⫺0.11
⫺0.32
⫺0.31

⫺0.6 (9.3)
1.6 (11.2)

⫺0.06
0.15

⫺0.6 (10.8)
0.6 (15.1)

⫺0.06
0.05

0.1 (10.0)
3.1 (11.0)

0.008
0.22

ES ⫽ Effect size (small effect ⫽ 0.2– 0.49; moderate effect ⫽ 0.50 – 0.79; large effect ⱖ 0.80); HRQOL ⫽ health-related quality of life; NEI-VFQ-25 ⫽
National Eye Institute Visual Function Questionnaire; SD ⫽ standard deviation; VA ⫽ visual acuity; SF12 ⫽ Medical Outcomes Study 12-Item
Short-Form Health Survey version 1.
*One-way analysis of variance, P⬍0.05.
†
Score could be generated for only 2266 of the participants in the whole sample.
‡
Effect size (ES) is defined as mean difference between LALES baseline and follow-up scores divided by standard deviation of baseline scores.
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vision, and near vision (bolded in Table 3; available online at
http://aaojournal.org). The scale with the smallest proportional
improvement was vision-related social function. Cataract surgery
was the reason for the 2-line improvement in VA for more than
half of the participants with VA improvement. For participants
with a ⱖ2-line loss, the largest proportion of people with significant loss in HRQOL were found for driving difficulty, general
vision, peripheral vision, vision-related dependency, and visionrelated mental health (bolded in Table 3; available online at
http://aaojournal.org). The smallest proportional loss in HRQOL
was found for the ocular pain scale.
Figures 1 and 2 show selected plots of predicted change in
mean NEI-VFQ scores (composite scores, driving scores) by
change in best-corrected VA of the better seeing eye. Plots of
predicted change in mean NEI-VFQ composite scores show an
approximate linear relationship with change in the best-corrected
VA of the better seeing eye when considering data for a 2-line loss
in VA through an approximate 4-line gain in VA (Fig 1); a more
dramatic loss in composite scores was found for VA loss of ⱖ3
lines; however, these points were based on small numbers of
participants. The same plot for the NEI-VFQ driving difficulty
scale also shows an approximate linear relationship between
change in driving scores and change in best-corrected VA for a
3-line loss in VA to a 2-line gain in VA; a greater change in
NEI-VFQ driving scores was found for a VA gain of ⱖ3 lines or
for a VA loss of ⱖ4 lines (Fig 2).

Figure 2. Linear regression plot of the relationship between change in the
National Eye Institute Visual Function Questionnaire (NEI-VFQ-25)
driving difficulty scores (adjusted for co-variates including age, gender,
education, employment status, income, acculturation, comorbidities,
health insurance, vision insurance, and baseline visual acuity [VA]) by
change in best-corrected visual acuity in the better seeing eye of participants in the Los Angeles Latino Eye Study. The adjusted NEI-VFQ-25
composite scores were obtained using the regression model conditioned on
VA status (vision loss, no change, vision improvement). The mean change
in NEI-VFQ composite score of all participants by each unit of mean
change in VA were plotted.

Discussion
In this population-based study of adults, we found statistically significant changes in mean HRQOL scores over the
4-year follow-up period for participants who had clinically
meaningful changes in VA, although mean changes in
HRQOL scores were small for participants with little or no
change in VA.

Figure 1. Linear regression plot of the relationship between change in the
National Eye Institute Visual Function Questionnaire (NEI-VFQ-25)
composite scores (adjusted for covariates including age, gender, education,
employment status, income, acculturation, comorbidities, health insurance, vision insurance, and baseline visual acuity [VA]) by change in
best-corrected VA in the better seeing eye of participants in the Los
Angeles Latino Eye Study. The adjusted NEI-VFQ-25 composite scores
were obtained using the regression model conditioned on VA status
(vision loss, no change, vision improvement). The mean change in NEIVFQ composite score of all participants by each unit of mean change in
VA were plotted.
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Several studies of clinic-based populations also have
examined the relationships between longitudinal changes in
VA and HRQOL. Mangione et al5 found that improvements
in VA after cataract surgery were associated with improvements in HRQOL as measured by the Activities of Daily
Vision Scale (ADVS).5 The participants included 419 cataract surgery patients aged ⱖ65 years with ADVS data
available to assess changes in HRQOL after surgery. The
ADVS includes 20 questions on visual activities related to 5
subscales: Night driving, daytime driving, distance vision
activities, near vision activities, and glare.27 Twelve months
after cataract extraction, improvement in the best-corrected
VA of the operated eye was associated with improvement in
all 5 ADVS subscales after adjusting for VA of the nonoperated eye.
The Submacular Surgery Trials Research Group also
found NEI-VFQ-25 scores were sensitive to changes in VA.
The study included 828 patients from 3 clinical trials of
submacular surgery for subfoveal choroidal neovascularization. Data on VA and NEI-VFQ-25 scores were collected at
baseline (prerandomization) and 2 years postrandomization.
The median age of the population was 75 years, approximately 20 years older than the LALES population. The
best-corrected VA of each eye was measured. Investigators
concluded that a 3-point difference in the NEI-VFQ-25
composite score and a 5.4-point difference in the driving
difficulty score represented small but clinically meaningful
changes when evaluating the VA data.28,29 When restricting
to patients with a ⱖ2-line improvement in VA of the better
seeing eye, investigators found a mean NEI-VFQ-25 composite score change of 8.3 (SD ⫽ 12.8) and driving difficulty score change of 6.6 (SD ⫽ 24.4) over the 2-year
interval. This improvement was greater than found in the
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LALES population; however, their finding of a 5.9-point
loss (SD ⫽ 17.4) in the NEI-VFQ-25 composite score for
patients with a ⱖ2-line loss was the same as found in
LALES. In general, mean changes in HRQOL scores for ⱖ2
line changes in VA for the clinical populations were greater
than found for LALES.
The Age-Related Eye Disease Study Research Group
also examined change in HRQOL with change in VA and
found a ⱖ3-line loss in VA was associated with a 10-point
change in the NEI-VFQ composite score. The sample for
the VA analyses included 3624 people, aged 55 to 80 years
at enrollment, identified from 11 clinical centers. Progression to VA loss was defined as a decrease of ⱖ3 lines
between 2 NEI-VFQ-25 administrations at least 1 year and
up to 4 years apart. The median age of the population was
72 years. The Age-Related Eye Disease Study Research
Group found effects (ES) were moderate for 7 of 12 NEIVFQ subscales and the composite score.
A 5-point change in NEI-VFQ measures has been suggested as a guideline for interpreting score differences as
minimally important or as representing clinically meaningful change with respect to VA.29 Several studies have examined the change in HRQOL scores for a 2- or 3-line
change in VA. As mentioned, the Submacular Surgery
Trials Research Group used the SD of change in NEI-VFQ
scores from baseline to the 2-year follow-up examination to
calculate a clinically meaningful change of the NEI-VFQ;
score changes of 3.8 were considered small, 9.4 were considered medium, and 15 were considered large. In LALES,
we chose to examine the change in HRQOL scores associated
with a ⱖ2-line change in VA, because ⱖ2 lines is recognized
as having clinical significance and is a level of change observed in the population. Clinical trial patients often achieve
larger improvements in VA with treatment and therefore may
achieve greater changes in HRQOL scores than can be expected when studying a general, population-based sample.
Other differences that may influence the size of change in
HRQOL scores between studies may include the baseline QOL
score and the expectation of vision improvement after treatment by the patient.
We examined the proportion of individuals with significant changes in NEI-VFQ scores by change in VA using
the RCI. A substantial proportion of individuals with clinically meaningful improvements or loss in VA had significant change in HRQOL scores. For example, 42% of individuals with a ⱖ2-line loss in VA over the 4-year follow-up
period had a significant decline in the NEI-VFQ driving
score. The proportion of individuals with significant
changes in NEI-VFQ subscale scores was similar by direction of VA change (ⱖ2-line gain vs ⱖ2-line loss) for many
of the HRQOL subscales.
Small but significant losses in the general health measures (SF-12 PCS and NEI-VFQ general health scale) were
found over the 4-year interval. These changes are likely due
to additional health problems in this adult, aging population.
The number of self-reported comorbidities from baseline to
follow-up in our sample increased from an average 1.5 to
1.7. It is interesting that, despite the worsening of scores for
the general health measures, the SF-12 MCS score improved significantly. After stratifying by change in VA

status, we see that the small, positive change in the SF-12
MCS is attributable to the improvement in scores for the
participants with a ⱖ2-line change in VA. The data suggest
that improvements in vision after cataract surgery, glasses,
or other clinical interventions are associated with gains in
perceived well-being and function.
A limitation of the analyses is the small number of
subjects with ⱖ2 lines of change in VA based on the
best-corrected, better seeing eye. There were too few participants meeting these criteria to stratify by larger numbers
of line changes (3 line changes, 4 line changes) and further
explore the difference in HRQOL by line changes in VA.
More participants reached a 2-line change based on presenting VA; however, the perceived impact of vision change in
this group (whose vision could be corrected by refraction)
was not as strong as in the best-corrected vision group. The
plots showing change in NEI-VFQ scores by change in VA
suggest a linear relationship through 2 to 3 lines of VA
change; additional follow-up data are needed to accurately
assess the shape of the relationship for larger changes in
VA. Although strengths of this study are the collection of
VA and visual field data over time, we do not have other
longitudinal measures of vision such as contrast sensitivity.
Additional strengths of the study include the populationbased sample, the availability of both clinical and questionnaire data at 2 time points, and the collection of cataract
history and use of glasses to allow for better interpretation
of changes in HRQOL scores. The NEI-VFQ was scored
using the standard methods based on classical test theory.
However, increasing attention to applying item response
theory methods in the evaluation and scoring of HRQOL
measures is occurring.30 Methodological research is needed
to document the extent to which item response theory yields
psychometric improvements to the NEI-VFQ and other
HRQOL measures in future studies.31
In summary, clinically important changes in VA were
associated with significant changes in HRQOL based on
longitudinal data from a population-based sample of adults.
The magnitude of the HRQOL effect was dependent on the
size of the VA change and the direction of change (loss or
gain in vision). A ⱖ2-line improvement in VA was associated with an average 5.8-point gain in the NEI-VFQ-25
composite score and a ⱖ2-line loss in VA was associated
with an average 5.9-point loss. Previous studies have defined minimally important changes in HRQOL scores ranging from 3 to 5 points. The largest impact of VA change was
found for the NEI-VFQ driving scale; a large effect (ES ⫽
0.80) was found for individuals with a ⱖ2-line loss in VA.
These data suggest that changes in a person’s VA have a
measurable and clinically important impact on perceived
visual function and well-being.
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Table 3. Proportion of People with Significant Changes in National Eye Institute Visual Function Questionnaire-25 Scores for
Individuals with ⱖ2 Line Changes in Best-corrected Visual Acuity (VA) of the Better Seeing Eye as Determined by the Reliable
Change Index (RCI)
Change in VA between Los Angeles Latino Eye Study Baseline and Follow-up Examinations
Increase 2 Lines VA (n ⫽ 31)

Loss 2 Lines VA (n ⫽ 83)

NEI-VFQ-25

Loss
RCIⱕ⫺1.96
N (%)

Improvement
RCI†ⱖ1.96
N (%)

Loss
RCI†ⱕ⫺1.96
N (%)

Improvement
RCIⱖ1.96
N (%)

Color vision
Vision-related dependency
Driving difficulty
Distance vision
General health
General vision
Vision-related mental health
Near vision
Ocular pain
Peripheral vision
Vision-related role function
Vision-related social function
Composite score

4 (13)
7 (23)
0 (0)
5 (16)
11 (35)
7 (23)
7 (23)
2 (6)
5 (16)
9 (29)
6 (19)
3 (10)
6 (19)

10 (32)
8 (26)
3 (38)
10 (32)
8 (26)
11 (35)
9 (29)
10 (32)
12 (39)
10 (32)
8 (26)
7 (23)
11 (36)

21 (25)
26 (31)
16 (42)
24 (29)
22 (26)
32 (39)
26 (31)
14 (17)
13 (16)
27 (33)
21 (25)
20 (24)
26 (31)

13 (16)
16 (19)
3 (8)
14 (17)
14 (17)
17 (20)
10 (12)
16 (19)
16 (19)
22 (27)
14 (17)
10 (12)
12 (15)

LALES ⫽ Los Angeles Latino Eye Study; NEI-VFQ-25 ⫽ National Eye Institute Visual Function Questionnaire; VA ⫽ visual acuity.
Note: Percentage is for each line change group. For example, 31 participants increased 2 lines best-corrected better seeing eye visual acuity, 11 (11/31 ⫽
35.48%) participants had RCI between ⱕ ⫺1.96 subscale general health.
†
Bolded number and percent indicate those NEI-VFQ scores with a large (ⱖ30%) percent of individuals with statistically significant change in score in
the same direction as the direction of VA change.
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