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Abstract

Purpose—To report the test-retest variability of the new Adult Strabismus 20 (AS-20) and the
NEI VFQ-25 health-related quality of life (HRQOL) instruments in adults with strabismus.

Design—~Prospective case series

Methods—>55 adult patients in a clinical practice with stable strabismus completed the AS-20
and the NEI VFQ-25 at two visits, without intervening treatment. Questionnaires were completed
the second time either at a subsequent office visit, immediately pre-operatively, or by mail.
Intraclass correlation coefficients were calculated. 95% limits of agreement and 95% confidence
intervals (Cl) around the 95% limits of agreement were also calculated.

Results—There was excellent agreement of overall questionnaire scores for the AS-20 (ICC =
0.92) and NEI VFQ-25 (ICC = 0.94). 95% limits of agreement for overall scores were 14.3 points
(C110.9to 17.7) for the AS-20 and 11.1 points (CI 8.5 to 13.8) for the NEI VFQ-25. The lower
test-retest variability of the VFQ-25 appeared to be partly due to ceiling effects with many scores
at the normal end of the range.

Conclusions—The new AS-20 and the NEI VFQ-25 show excellent test-retest reliability in
adults with strabismus. Change exceeding 95% limits of agreement (14 points on the AS-20 and
11 points on the VFQ-25) is indicative of real change in an individual patient. The AS-20 may be
more useful than the VFQ-25 because it is less prone to ceiling effects in adults with strabismus.

Introduction

Formal assessment of health-related quality of life (HRQOL) has been recommended in the
management of adult strabismus.! Several vision-specific HRQOL instruments have been
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used in the evaluation of adults with strabismus,279 but reports on the test-retest reliability
of these instruments are sparse. Reliability data provide an estimate of variance due to
random error or measurement error.10-12 Test-retest reliability data describe the extent to
which repetition of the test yields the same results when no underlying change in health has
occurred. Limits of agreement calculated from test-retest data are particularly helpful for
interpreting changes in scores over time for an individual patient, and have been used in
other fields, such as prism and cover test measurements in strabismus.13: 14 In previous
reports we describe the development and initial validation of the AS-20, a strabismus-
specific HRQOL questionnaire for adults.8' 15 In the present study we report the test-retest
reliability of the AS-20 questionnaire in a cohort of adults with strabismus. For comparison,
we also assessed the test-retest reliability of the National Eye Institute Visual Function
Questionnaire (VFQ-25)16 in the same cohort of adult strabismus patients.

Fifty-five adult strabismus patients (median age 44, range 18 to 80 years) were prospectively
recruited from outpatient clinics and completed both the AS-20 and the VFQ-25 at two time
points within one year. Questionnaires were completed in the office for the first
administration. The second administration was either 1) in the office at a subsequent exam
(N=29, 25 to 144 days later, median 66 days), 2) immediately preoperatively (1 day later in
17, 6 days later in 1), or 3) by mail within 2 days (N=8). Patients completing the
questionnaires for the second time immediately prior to surgery or by mail were instructed
to complete the questionnaires as if they had not completed them before. Patients with
inherently variable strabismic conditions (e.g. ocular myasthenia gravis) were excluded to
limit the study cohort to patients that were stable between questionnaire administrations. We
also excluded patients who had undergone strabismus surgery within 1 year prior to the first
exam because patients’ symptoms and perceptions might change during the post-operative
period. For the office retest administration, patients were required to have stable strabismus
(no change in angle of deviation > 10 PD in primary position) and no intervening treatment
or change in treatment. Thirty-eight (69%) were female and 49 (89%) of patients self-
reported their race as ‘White.” Strabismus diagnoses were idiopathic in 32 (58%),
neurological in 19 (35%) and mechanical in 4 (7%). Of our patients, 35 (64%) had diplopia,
9 (16%) had rare diplopia, and 11 (20%) did not have diplopia. Visual acuity ranged from
20/15 to 20/30 in better eye (median 20/20) and 20/15 to 20/4000 in the worse eye (median
20/20).

Responses for each item on the AS-20 were recorded using a 5-point Likert type scale
(‘never,” ‘rarely,” ‘sometimes,” ‘often,” and ‘always’), and converted, for each patient, to a
mean score ranging from 0 (worst HRQOL) to 100 (best HRQOL).8: 15 The VFQ-25
contains Likert type scales and also yields a mean individual patient score from 0 to 100.16
An administrable version of the AS-20 is available online at http://public.pedig.jaeb.org
(Accessed: July 31, 2009) and of the VFQ-25 at
http://www.nei.nih.gov/resources/visionfunction/vfg_ia.pdf (Accessed: July 31, 2009).

Statistical Analysis

For both the AS-20 and the VFQ-25, differences in scores at first and second administrations
were compared using signed rank tests. Bland-Altman plotsl’ were used to analyze the
variability of the differences. Half widths of the 95% limits of agreement were calculated
using 1.96 SD to define the ‘limits” within which 95% of the differences should lie. 95%
confidence intervals (CI) around the 95% limits of agreement were also calculated.
Intraclass correlation coefficients were calculated between first and second administrations.
Analyses were repeated to compare variability in patients with and without diplopia.
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Differences between first and second administrations

As expected in a test-retest study of a reliable instrument, there were no significant
differences between overall and subscale scores on the AS-20 (P>0.5 for all comparisons,
Table). Nevertheless, for the VFQ-25, scores were very slightly higher on the second
administration (better HRQOL) for the overall score (75.8 versus 77.5, P=0.02) and for the
Difficulties with Near Activities subscale (71.5 versus 75.6, P=0.01). There were no other
significant differences found in VFQ-25 subscale scores between first and second
questionnaire administrations.

Differences between modes of administration

Analyzed separately by mode of administration, the intraclass correlation coefficient for the
AS-20 was slightly lower (indicating more variability between measures) for the office and
pre-surgery modes than for the mail mode (0.91: 95% CI 0.82 to 0.96 versus 0.90: 95% CI
0.76 to 0.96 versus 0.93: 95% CI 0.71 to 0.98). For the VFQ-25, the intraclass correlation
coefficient was numerically lower, but not significantly lower, for the office than for the pre-
surgery or mail modes (0.92: 95% CI 0.84 to 0.96 versus 0.95: 95% CI 0.87 to 0.98 versus
0.94: 95% C1 0.75 to 0.99).

For our estimates of the 95% limits of agreement, we found a similar pattern for the AS-20,
where the estimates from retests obtained by office and pre-surgery were slightly higher
(indicating more variability between measures) than by mail (15.2: 95% CI 10.2 to 20.3
versus 14.5: 95% CI 8.2 to 20.8 versus 10.4: 95% ClI 2.8 to 18.0). For the VFQ-25, the 95%
limits of agreement were also slightly higher for the office and pre-surgery modes than by
mail (12.9: 95% CI1 8.6 to 17.1 vs. 10.3: 95% CI 5.8 to 14.8 vs. 5.5: 95% CI 1.5 to 9.5).

Because the estimates of different modes of administration were similar and the 95%
confidence intervals of our estimates included the point estimates of the other methods of
administration, we combined the data for subsequent analyses.

Overall intraclass correlations

Using a published scale,18 agreement between exams, as measured by the intraclass
correlation coefficient, was “almost perfect” (>0.80) for both the AS-20 (0.92, CI 0.87 to
0.95, Table) and the VFQ-25 (0.94, CI 0.89 to 0.96). Agreement was also “almost perfect”
between questionnaire administrations for both AS-20 subscales. For the VFQ-25 subscales,
agreement was “almost perfect” on 7 of the 12 subscales, “substantial” (>0.6 to 0.80) in 3 of
12 subscales, and “moderate” (>0.4 to 0.6) in 2 of 12 subscales (Table).

Overall distribution of test-retest differences

Test-retest differences are plotted against mean scores, as described by Bland and Altman,
17 in the Figure. Across AS-20 scores and across VFQ-25 scores within each instrument,
variability did not appear to depend on severity (Figure). Nevertheless, the VFQ-25 scores
were clustered toward the normal end of the range in these adults with strabismus,
suggesting a possible ceiling effect. Comparing the first to the second administration, neither
the AS-20 nor the VFQ-25 demonstrated any significant regression to the mean (data not
shown).

Overall 95% limits of agreement

Half-widths of the 95% limits of agreement for the AS-20 overall score were 14.3 points (CI
10.9 to 17.7 points) and for the VFQ-25 overall score were 11.1 points (Cl1 8.5t0 13.8
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points, Figure, Table). Limits of agreement ranged from 17.7 on the AS-20 psychosocial
subscale to 19.5 on the AS-20 function subscale and from 11.5 to 36.1 on the VFQ-25
subscales (Table).

Differences between patients with and without diplopia

Thirty-five of the 55 adult patients had diplopia and 11 did not (9 patients had rare diplopia
and were not analyzed in this assessment of diplopia versus not). For the AS-20, 95% limits
of agreement were similar overall between patients with and without diplopia (15.2: 95% CI
10.7 to 19.8 versus 15.6: 95% CI 6.4 to 24.7). Function scale limits of agreement were
numerically lower in patients with diplopia (17.8: 95% CI 12.4 to 23.1 versus 26.9: 95% ClI
11.1 to 42.6) and psychosocial scale limits of agreement were numerically higher in patients
with diplopia (21.0: 95% CI 14.7 to 27.3 versus 9.9: 95% Cl 4.1 to 15.7). VFQ-25 overall
limits of agreement were similar between patients with and without diplopia (11.6: 95% ClI
8.1to 15.0 versus 8.3: 95% CI 3.4 to 13.2).

Discussion

Both AS-20 and VFQ-25 questionnaires show excellent test-retest reliability in adults with
strabismus. Test-retest reliability is particularly important for instruments that are going to
be used to assess change over time. Our data define thresholds consistent with a real change
in score over time. The 95% limits of agreement were 14.3 points (95% Cl 10.9to 17.7
points) for the AS-20 overall and 11.1 points (95% CI 8.5 to 13.8 points) for the NEI
VFQ-25 in adults with strabismus.

Despite our findings of better test-retest reliability of the VFQ-25 in adults with strabismus,
the VFQ-25 may not be the optimal instrument. We have previously reported!® that fewer
adult patients with strabismus (with and without diplopia) have sub-normal scores on the
VFQ-25 than on the AS-20. The propensity for adults with strabismus to have high (normal)
scores on the VFQ-25 leads to a ceiling effect, where there is no room for improvement in
HRQOL scores, that might occur with clinical treatment or variability. Bradley et al?0 also
described a ceiling effect using the VFQ-25 in patients with Graves’ ophthalmopathy. The
clustering of VFQ-25 scores toward the normal end of the spectrum is illustrated in the
Figure (bottom). In this way, the apparent better test-retest variability of the VFQ-25 may
purely be a corollary of the ceiling effect. Due to this ceiling effect, the VFQ-25 may be
insensitive to change in adults with strabismus. In contrast to the VFQ-25, the AS-20 shows
the desired distribution of scores that allows room for change, illustrated in the Figure (top).

In a previous study, patients with and without diplopia scored differently on the AS-20
subscales.19 Nondiplopic patients more often were below normal on the AS-20 psychosocial
subscale than on the function subscale (95% versus 42%; P = .002), whereas diplopic
patients were more often below normal on the function subscale (85% versus 68%; P = .01).
On the psychosocial subscale, more nondiplopic than diplopic patients scored below normal
(95% versus 68%; P = .01); on the function subscale, more diplopic than nondiplopic
patients scored below normal (85% versus 42%; P = .0005).19 In the present study, test-
retest variability in diplopic patients was numerically higher on the psychosocial subscale
and lower on the function subscale compared to patients without diplopia based on 95%
limits of agreement. Nevertheless, this subgroup analysis is limited by low sample size of
non-diplopic patients, and hence wide 95% confidence intervals.

Data on test-retest reliability of strabismus-specific HRQOL measures are sparse, although
several vision-specific questionnaires for other ophthalmic conditions have undergone such
testing.2! Test-retest reliability of the NEI VFQ has been reported for the larger, 51-item

version of the questionnaire?2: 23 put not specifically for the VFQ-25. Test-retest intraclass
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correlation coefficients for the VFQ-51 have been reported as being between 0.91 and 0.68
for all subscales?? and the properties of the VFQ-25 have been described as being
comparable.18 Indeed our findings using the VFQ-25 are comparable to those reported for
the VFQ-5116 across most subscales, with the exception of the general vision and color
vision subscales, which had lower reliability in the present study, and the driving and
general health subscales, which had higher reliability in the present study.

A variety of approaches have been used for collecting retest data. One of the more common
approaches, used for the VFQ-51,23 is to send the retest to the patient by mail although re-
administering the retest at an office visit is also reported.24 Although we administered a
minority of retest questionnaires by mail, the majority of our data was obtained at a
consecutive office exam. We believe that our data from a subsequent office visit (25 to 144
days later) is parallel to the clinical scenario of evaluating a patient post-treatment and
therefore these test-retest thresholds would be most useful. It is noteworthy that our
thresholds calculated purely from data obtained at office visits are almost identical to our
reported overall thresholds.

Other aspects of reliability testing are internal consistency reliability and inter-observer
reliability. Internal consistency reliability provides a measure of correlation among the items
which comprise an instrument and such values for the AS-20 are reported as part of our
previous study (Cronbach’s alpha for all 20-items was 0.94, for the psychosocial sub-scale
was 0.95, and for the function sub-scale was 0.94).8 Inter-observer reliability is important
when questionnaires are interviewer-administered and is not as relevant when questionnaires
are self-administered. Future studies will address the validity of these questionnaires in
adults with strabismus, such as responsiveness to changes with surgery and correlation to
measures of severity such as angle of deviation and diplopia score.

There are a number of potential weaknesses to this study. First, it is possible that responses
were memorized when questionnaires were completed the next day, either at home and
returned by mail or immediately prior to surgery. Any memorization could potentially lead
to less variability between questionnaire administrations and smaller thresholds.
Nevertheless, it is noteworthy that our thresholds calculated purely from data obtained at
office visits (25 to 144 days later) are almost identical to our reported overall thresholds.
Secondly, reliability data may vary based on the population sample and it is possible that
results would have been different had we been able to use a more racially heterogeneous
population.

The AS-20 shows excellent test-retest reliability, indicating that it is likely to produce
consistent results in adults with stable strabismus. These data are important for interpreting
changes in AS-20 scores over time and may be useful in clinical practice and for clinical
trials.
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