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Abstract

N

Background

To assess the psychometric properties of the QIRC questionnaire and use it as an outcome measure in spectacle wearers attending an
eye clinic in Malawi.

Methods

Participants who had uncorrected distance visual acuity of below 6/18 and improved to 6/9 or better with spectacles on both eyes
were included in the study. The participants self-administered the Chichewa version of the QIRC questionnaire that was translated and|
culturally adapted for Malawian settings. Psychometric evaluation of the QIRC responses was carried out using the WinSteps software
(Version 3.92.1; Winsteps, Chicago, IL) by applying the Andrich rating scale model of the Rasch analysis.

Results

One hundred and forty-three participants (mean age T standard deviation, 27.64 * 2.91; age range; 16 to 39 years; male, 51.7%)
completed the QIRC. The Chichewa QIRC had satisfactory psychometric properties (Ordered response categories, Person separation
index, 1.93; Item separation index, 3.42; Targeting 0.70) including excellent Rasch-model fit statistics (Infit and Outfit MnSq < 1.30,
for all items). The QIRC score was not significantly associated with sex, age, magnitude of refractive error, occupation and status of
previous spectacle wear (p> 0.05 for all). The QIRC scores negatively correlated with uncorrected visual acuity (in logMAR) in the|

better eye (spearman’s tho=-0.34, p < 0.001).
Conclusions

The translated and culturally adapted version of the QIRC Questionnaire had satisfactory psychometric properties to measure the|
refractive error-specific quality of life in Malawi. It performed well as an outcome measure of spectacle wear.
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Introduction

In 2015, there were approximately 36 million blind
(presenting visual acuity worse than 3/60) and 217 million
moderate and severe visually impaired (presenting visual
acuity worse than 6/60 but equal to or better than 3/60)
people in the world'. However, there is a disproportionate
distribution of visual impairment across the world with 90%
of visually impaired people living in low-and middle-income
countries®. It is worth noting that almost two-thirds (65%)
of blindness, and over three-quarters (76%) of moderate
and severe visual impairment, are preventable or treatable’.
Uncorrected refractive error (53%) is the leading cause
of moderate and severe visual impairment, followed by
cataracts (18%) and macular degeneration (2%). Moreover, it
is estimated that more than a billion people worldwide suffer
from poor vision due to a lack of corrective treatment, such
as spectacles, contact lenses or refractive surgery; 100 million
of these people are visually impaired*. Therefore, refractive
error is recognised as a major public health problem that
has been prioritised by the VISION 2020: The right to sight
campaign®.
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Studies suggest that uncorrected refractive error is associated
with reduced quality-of-life (QoL) and loss of economic
productivity, educational and employment opportunities™”.
This is despite the fact that the correction of refractive error
is a simple and cost-effective intervention that can improve a
person’s QoL’. A number of studies have assessed the impact
of refractive error on the vision-related QoL in developed
countries®!". These studies highlight the fact that refractive
correction may not address all of the QoL issues related
to uncorrected refractive error; rather, this may create new
issues. For example, people wearing spectacles or contact
lenses may find it difficult or inconvenient to look after
these products. Similarly, people wearing contact lenses or
considering laser refractive surgery may have concerns about
the potential complications that may be involved. However,
there is a paucity of such studies in low- and middle-income
countries, particularly in the African continent. While studies
are being conducted to identify the most affordable way of
providing refractive services?, there is limited evidence related
to the impact of refractive correction on Qol, particularly in
countries with poor resources.
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The impact of refractive error on the QoL can be
assessed quantitatively by using refractive error-related
questionnaires'?, such as the Refractive Status Visual Profile
(RSVP)", the National Eye Institute Refractive error Quality
of Life (NEI-RQL)" and the Quality of life Impact on
Refractive Correction (QIRC)". The RSVP and NEI-RQL
instruments were developed using traditional methods that
employ summary scoring and were found to have poor
psychometric properties'®”. On the other hand, the QIRC
was developed using a modern psychometric method (Rasch
analysis)'.

Rasch analysis offers several advantages over traditional
summary scoring methods. The summary scoring method
is based on the addition of ordinal values representing
response categories; this method assumes that all items
(questions in a questionnaire) are of equal weight and
that the response options are equidistant from each other.
Summary scoring often assumes that categorical ordinal
data are interval level-data. These assumptions are logically
erroneous, and were proven false by Rasch analysis'®. The
QIRC, which is a Rasch-based questionnaire, is one of the
best patient-reported outcome instruments for refractive
error'”?!. However, the QIRC has not yet been validated
after translation to Chichewa in Malawi.

To the best of our knowledge, the impact of refractive
error, when corrected by spectacles, has not been assessed
in Malawi with regards to quality of life. Therefore, the
objectives of this study were to assess the psychometric
properties of the QIRC questionnaire and then to evaluate
QIRC scores in young adults wearing spectacles in Malawi
across demographic and clinical sub-groups of refractive
error.

Methods
Study setting and population

Malawi, a small landlocked country in Sub-Saharan Africa,
is considered as a low-income country by the World Bank®.
This study was conducted in the eye clinic at Malawi College
of Health Sciences, Lilongwe. This clinic provides refractive
and other ocular health services to people residing in the
central region of Malawi. One hundred and forty-three
participants were consecutively recruited from the eye
clinic between November 2014 and October 2016. To be
eligible for our study, participants had to be aged between
16 and 39 years and had refractive errors (uncorrected visual
acuity worse than 6/18 that improved to 6/9 or better after
refractive correction in both eyes). This visual acuity cut-
off is used by the Malawi College of Health Sciences clinic
to provide subsidised spectacles to their patients. Another
inclusion criterion was that the participants must be able to
read and write fluent Chichewa, the local Malawian language.
Participants who had a reduced visual acuity that was
secondary to ocular and other ocular and systemic conditions
besides refractive error, such as diabetic retinopathy and
pregnancy, were excluded from the study. For example, it has
been reported that the health-related QoL varies widely with
gestation petiod in pregnant women®. In addition, patients
with ocular pathologies were referred to the Lions Sight
First Eye Hospital located within Kamuzu Central Hospital,
Lilongwe for further management.

Ocular examination

Standard eye examinations were conducted to identify
people with refractive errors. Visual acuity was measured

with a Snellen chart at 6 m and converted to logMAR
acuity for data analysis. External eye examinations, such
as cover test, motility tests, and pupil evaluation, were also
performed to identify neural problems or misalignment of
the eyes. The anterior segment of the eyes was examined
grossly with a torch light, and in detail using a slit lamp
biomicroscope, where indicated, to rule out ocular infections.
Non-cycloplegic objective and subjective refraction were
performed to determine the distance prescription for
spectacles. The subjective refraction consisted of monocular
spherical refraction, Jackson cross cylinder, and Humphriss
immediate contrast binocular balancing. The fundus was
evaluated with a direct ophthalmoscope to rule out any
pathology in the posterior segment. Where indicated, slit
lamp biomicroscopy, with a +90 dioptres (D) lens, was used
to examine the posterior segment of the dilated eye with the
use of 1% tropicamide eye drops.

Refractive errors were defined as myopia of spherical
equivalent refraction (SER) = —0.75 D sphere, and hyperopia
of 2 +1.00 D, and astigmatism of at least 1.00 D difference
in refractive error between the two principal meridians.
Myopia was sub-divided into low myopia (SER > —3.00 D),
moderate myopia (SER between —3.00 D and —6.00 D),
and high myopia (SER = —6.00 D). Low hyperopia included
SER between +1.00 D and +3.00 D, while high hyperopia
was defined as SER = +3.00 D*". The SER was calculated as
the sum of the spherical power and a half of the cylindrical
power for refractive errors.

The QIRC

The QIRC contains 20 items with five-point response scales
ranging from ‘not at all’ to ‘extremely’, along with a ‘Don’t
know/Not applicable’ option. Despite having relatively fewer
items (compared to other common refractive error-specific
questionnaires such as the NEI-RQL'" and the RSVPY), the
QIRC has a wide coverage of QoL domains. The content of
these items is presented in Supplementary Table S1. Studies
have demonstrated that the QIRC has good psychometric
properties when measured with both traditional and modern
psychometric methods™>*. Furthermore, the QIRC has
been proven sensitive to investigate how different types of
refractive correction can exert impact on the QoL®

Translation and cultural adaptation of the QIRC
questionnaire

The QIRC questionnaire was translated into Chichewa
language following a standard protocol involving forward and
backward translation. First, the original QIRC questionnaire
was translated into Chichewa by two independent linguists.
Then, the Chichewa version of the questionnaire was back
translated into English by another two individuals who were
fluent in both Chichewa and English languages. Next, the
original and the back-translated versions of the QIRC were
compared to check for consistency. During translation of the
questionnaire, a few of the questions were modified to adapt
to local conditions. For instance, ‘difficulty with driving’ (item
1) was replaced by ‘difficulty in cycling or driving’. Similarly,
the question related to ‘beach’ (item no 6) was replaced with
‘river” or ‘lake’ as Malawi does not have access to the sea.
In item 7, ‘gym/doing keep-fit classes/circuit training’ was
replaced with ‘playing any type of game/exercise’. As we
only included people who only wore spectacles to correct
their vision, contact lenses and refractive surgery options
were omitted from the questionnaire.

https://doi.org/10.4314/mmj.v32i2.2
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Participants who met the inclusion criteria were provided
with an information document in Chichewa language. Two
research assistants who were fluent in both Chichewa and
English languages administered the Chichewa version of
QIRC instrument.

Data management and analyses

Rasch analysis was carried out to assess the psychometric
properties of the QIRC; this was carried out with WinSteps
software (Version 3.9 2.1; Winsteps, Chicago, IL)) by applying
the Andrich group-rating scale model. The QIRC items were
classified into 5 groups: visual function (item 1), symptoms
(item 2), convenience (items 3-7), health concerns (items
8—13) and well-being (items 14—20) domains. The rating-scale
for the well-being domain was disordered. Ordering of the
rating scale for well-being items was fixed by collapsing the
response categories ‘Fairly often’ and “Very often’. Following
Rasch analysis, further analysis was carried out using Stata 11
(Stata Corp. College Station, TX).

Rasch analysis is a probabilistic mathematical model based
on the principle that a person with higher ability has a greater
chance of being successful in answering an item, and an item
with less difficulty is more likely to be answered successtully
than the item with more difficulty”’. This model guides the
development and selection of items, and can be applied
at two stages: when constructing the measures and when
evaluating the constructs, ideally for both®.

The model transforms simple ordinal categorical data into
interval level data by logarithmic transformation. Item and
person estimates are placed in a single linear scale with units
as logits (log odd units). Rasch analysis estimates interval
level person-measures; higher scores indicate a better QoL
status.

Rasch analysis provides insights into a series of important
psychometric properties of a patient reported outcome
instrument, known as Rasch parameters. These parameters
include targeting, unidimensionality, response category
functioning, measurement precision and differential item
functioning. Rasch parameters act as diagnostic indicators
and can be used to select (include or exclude) items in
constructing measures”. Rasch analysis is an iterative
process where item or person estimate cycles are repeated
until essential criteria for all Rasch parameters are met. The
measurement scale should measure only one underlying
construct (unidimensionality). Similarly, the trait values
of the response options should increase monotonically
in a scale with a uniform spacing between one to the next
option (response category functioning). Person separation
index or person reliability coefficients are the measures of
measurement precision which estimate how many groups
with different person ability can be defined by the instrument.
Another component of Rasch analysis is the differential item
function, which assesses if groups of people with similar
latent traits respond differently.

Similarly, item fit statistics indicate how well the items fit
together to measure the underlying latent trait. Fit statistics
are calculated from the standardized residuals. Infit statistics
are information-weighted fit statistics (weighted by variance;
the variance is larger for well-targeted responses and smaller
for extreme tesponses)”. Therefore, when calculating infit
statistics, more weight is given to on-target observations™.
However, when calculating outfit statistics, equal weighting

is given to on-target and off-target observations. Therefore,

outfit statistics are influenced by off-target observations™.

Those who chose to participate in the study were asked for
their verbal consent prior to recruitment. Ethical approval was
obtained from the University of KwaZulu-Natal Biomedical
Research Ethics Committee and National Health Sciences
Research Committees, Malawi. The Head of the Optometry
Department at Malawi College of Health Sciences also
provided permission to use the eye clinic facilities for the
study. The study was conducted in accordance with the
tenets of the Declaration of Helsinki.

Results

Three hundred and twenty-seven subjects, aged between 16
and 39 years, visited the eye clinic during the study period. Of
these, 159 subjects did not meet our inclusion criteria either
because their visual acuity was beyond the cut-off criteria or
because of the presence of an ocular condition other than a
refractive error. Furthermore, 25 subjects did not participate
in the study despite being eligible to participate. Thus, 143
subjects participated in the final analysis; the participation
rate was therefore 85.12%. The mean (£ standard deviation)
age of the subjects was 27.64%£2.91 (range: 16-39) years.
The general characteristics of the subjects are shown in
Table 1. Forty-six participants (32.3%) wore spectacles
for the first time; in other words, these subjects previously
had uncorrected refractive error or they had been wearing
spectacles for less than 2 months at the time of recruitment.
The mean time of spectacle wearing per day reported was
11.66%+2.63 h (range: 3 to 17 h).

Category Probability

-3 —2' 5 7‘2 —1' 5 —'l —0‘5 l; 0 I5 1‘ 1 IS é 2'5 3
Measure relative to item difficulty

Figure 1. Category probability curves for item 2 ‘How often have

you experienced your eyes feeling tired or strained 2’

Red = 1, always; blue = 2, very often; pink = 3, fairly often; black =

4, occasionally; green = 5, never.

Rasch analysis

Principal component analysis of the residuals showed that
the eigen-value of the first contrast was slightly higher, thus
indicating that at least three items might form a secondary
dimension. Six well-being items had residual loadings >0.40.
A separate Rasch analysis was performed to investigate the
viability of the well-being scale as an independent measure.

The well-being scale had a sub-optimal person-separation
index and poor targeting. Removing the well-being items
did not improve the psychometric properties of the original
QIRC. In the original QIRC, disattenuated correlation
(i.e. correlation between the first and second item-clusters

https://doi.org/10.4314/mmj.v32i2.2
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Table 1. Characteristics of the participants

Characteristics Frequency (%)
“Sex

Male 74 (51.7)
Female 69 (49.3)
Age (years)
Mean+SD 27.6416.51
Range 16-39
Magni f refracti D

agnitude of refractive error (D) 0 464291
Mean+SD -15.0t03.25
Range
Type of refractive error
Low myopia (< -0.75 to > -3.00 D) 52 (36.4)
Moderate myopia (< —3.00 to > -6.00 D) 29 (21.0)
High myopia (< -6.00 D) 6(4.2)
Low hyperopia (= +1.00 to < +3.00 D) 5(3.5)
High hyperopia (= +3.00 D) 3(2.1)
Astigmatism (=1.0 D) (32.8)

Uncorrected VA in better eye
(logMAR)

0.60 (0.52-1.0)

Median (IQR) 0.48-2.0

Range

Pgior s'?ectacles wear

22 months 97 (67.7)

<2 months? 46 (32.3)

Occupation

Students 69 (48.3)

Businessman/woman 16 (11.2)

Housewives 11(7.7)

Employed 9(6.3)

Public Service employee 9(6.3)

Health professionals 6(4.2)

Teachers 5(3.5)

Farmers 5(3.5)

Others 13(9)

QIRC score (N=135)

Mean+SD 63.13+12.88 units
_Range 27.07-97.06 units

IQR, interquartile range; QIRC, Quality-of-life Impact of Refractive Correction; SD,

standard deviation; VA, visual acuity.

2Prior spectacles wear <2 months category includes participants with previously

uncorrected refractive error.

after ecliminating the weakening effect of noise in the
measurement) between the first and the second item clusters
on the Rasch principal component analysis of the residuals
was 1.0, thus indicating that the clusters of items were
essentially measuring the same construct (quality of life).
Therefore, we decided not to split the QIRC questionnaire.

Table 2. Rasch parameters for the QIRC iterations

Parameters QIRC-original  First contrast Firstdimension  Final iteration?
scale (Well-being: (Items 1-13)

items 14-20)

after collapsing

the disordered

caxgggges
No. of items 20 13 20
Response Well-being scale  Ordered Ordered Ordered
category ordering  disordered
(thresholds)
Person 1.86 (0.78) 1.55(0.71) 1.82(0.77) 1.93(0.79)

separation index
H)erson reliability)

em separation” 345 (0.92) 3.97(0.94) 3.37(0.92) 3.42(0.92)
index (item
reliablty) 054 104 050 0.70
Targeting,
difference
between person
& item means
(logits)
lteminfitMnSq 2 (items 8,13) 1 (item 20) 2 (items 8, 13)
>3 ) )
ltem outfit MnSq 3 (items 20, - 2(items 8,13) -
> 8.3 ) % 13)
PCA: variance 1.2%I 52.4%/ 37.9%/ 30.8%/
explained by r.=1.013.37/6 r=1.0/1.96/2 r=1.0/2.45/4 r.=0.96/3.10/6
the measure/ ( ems 14-19) ifems (14,15) ifems (10-13) (|tems 14-19)
disattenuated
correlation

between 1st and
2nd item-clusters
(r./eigen value of
ihe first contrast/
items with
residuals loading
>0.40 to first
contrast

IS, item separation index; MnSq, mean square; PCA, principal components analysis; r,
disattenuated correlation; QIRC, Quality-of-life Impact of Refractive Correction. “Person weighting
was performed such that persons with erratic responses (residuals 2 |4|) for items 12 and 13
were weighted as 0 so that they did not influence the fit statistics or measures for other persons
or items.

MEASURE PERSON — MAP - ITEM
<Less impact>|<Higher QoL>
100 +
1
|
I
1
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|
& T|
» |
g 1
- 1
80 u +
P |
# 5|
e |
.= I
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- ]
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Figure 2. Person-item-map. Persons are located in the left, with
their abilities in the latent traits given from low (at the bottom) to
high (at the top). On the right side, items have been replaced by the
difficulty level of the latent trait (i.e. the quality of life) from low
(bottom) to high (top). M, mean; S, one standard deviation from
the mean; T, two standard deviations from the mean.
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Table 3. QIRC score in relation to sex, age, magnitude of refractive
error, occupation and previous spectacle wearing

Variables Mean+SD F (Independent p
t-test)
Sex 2.11 0.14
Male (N=69) 61.56+11.78
Female (N=66) 64.77+13.84
Age group (years) 4.03 0.04
16-27 (N=73) 61.10+12.84
28-39 (N=62) 65.52+12.61
Magnitude of 2.592 0.07
refractive error
Below SER#3.00D  66.02+12.02
(N=52)
59.94+14.14
Equal to more than
SER +3.00 D (N=38)
Astigmatism (N=45) 62.48+12.26
(=1.00 D)
Occupation 0.27 0.60
Students (N=65) 62.53+11.63
Non-students (N=70)  63.68+14.00
Prior spectacles 0.14 0.70
wear
=2 months (N=65) 59.58+11.40
<2 months (N=32) 58.66+11.02

QIRC, Quality-of-ite Impact of Refractive Correction; SER, spherical equivalent refrac-
tion; SD, standard deviation. 2F for ANOVA test.

The final Rasch iteration demonstrated that all items
had good fit statistics and the QIRC had satisfactory
measurement precision (Supplementary Table S2). Item
misfits were fixed by person-weighting the erratic responses
to items 13 and 12. The response categories were ordered
and the thresholds were advanced monotonically (Figure
1). Targeting between person ability and item difficulty was
satisfactory (Table 2). There was no significant differential
item functioning observed by sex, age groups, the severity of
refractive error and previous history of wearing glasses. The
final Rasch scale was converted into a 0 to 100 scale with the
item mean located at 50 units (Figure 2). Item 8 (cost to buy
spectacles) had the highest item measure, thus indicating that
cost was the most impactful issue with regards to QoL. Item
20 (eager to try new things) had the lowest item measure
(Supplementary Table S2). Person measures were used for
post hoc tests to evaluate the impact of wearing spectacles
on the QoL of participants.

Relationship between QIRC scores and other

variables

There were no significant differences in QIRC score with
respect to different sexes (p=0.14), the magnitude of
refractive error (i.e. below SER +3.00 D versus SER +3.00 D
or above) or astigmatism (p=0.07), occupation (i.e. students
versus non-students; p= 0.60) and previous spectacle wearing
(»p=0.70) (Table 3). Older participants had significantly higher
mean QIRC scores (65.52+12.61) than younger participants
(61.10+12.84, »p=0.04). The QIRC score was negatively
correlated with uncorrected visual acuity logMAR) in the
better eye (Spearman’s rho = —0.30; p=0.001).

Discussion

This study used the QIRC to investigate the QoL of Malawians
aged between 16 and 39 years who wore spectacles to correct
their refractive errors. Using Rasch analysis, the original

Table 4. Summary of studies conducted using the QIRC questionnaire

Studies Country Sample size  Age group (years)  Mode of refractive Mean SER+SD (D) Rasch Main findings
correction i
No
Plowright et al. UK 110 13-19 Contact lenses -2.20%2.15 (contact lens) The contact lens group had more
(2015)* favourable responses in the QIRC
Spectacles -1.35 + 2.28 (spectacles) than the spectacle group.
Ang et al. (2015)*  Singapore 172 eyes, Not specified SMILE -5.71+2.11(SMILE) Yes No difference in functional and
SMILE emotional QIRC dimensions between
LASIK -5.73+2.06 (LASIK) two groups.
688 eyes
Meidani et al. Greece %é(? K M?—% 52 Femtosecond laser Not specified Yes Femtosecond laser-assisted LASIK
(2012)* assisted LASIK improved refractive error-related
McAlinden and UK 44 eyes Not specified Implantation of ﬁgtn ggéci?lg 0-8:50 No ﬂ/ﬂeaalﬁyc?lfF%eécore improved after the
Moore (2011)%* Multifocal IOL surgery.
Leong et al. UK 82 NP0 S IcL ~11.00+2.7 (ICL) Yes QIRC scores were higher in ICL group
(2009)%* than in contact lens group.
Mean: 27.7 (ICL) Contact lens -11.30+3.5 (contact lens)
and 27.5 (contact
Pesudovs et al. UK 312 I1eé1—3§5) LASIK Not specified Yes Refractive surgery subjects had
(2006)* the highest QIRC score followed by
Contact lenses contact lens wearers and spectacle
wearers.Spectacle wearers with low
Spectacles strength prescriptions had better QIRC
score than those with medium strength
Garamendietal. UK 66 16-39 LASIK -3.36+1.86 Yes prescriptions.
(2005)%
QIRC scores improved after LASIK in
majority of the subjects, with higher
improvements in women.
Current study Malawi 143 16-39 Spectacles -2.46x2.91 Yes The modified QIRC had satisfactory

psychometric properties. Low
correlation between visual acuity and
QIRC scores indicated that measuring
QoL with QIRC may provide additional
benefits to measuring clinical objective
0
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Chichewa QIRC demonstrated satisfactory psychometric
properties, including excellent fit statistics.

To the best of our knowledge, Malawi is the first country in
which the Chichewa version of the QIRC questionnaire has
been used to measure QoL with respect to refractive error
using Rasch analysis. The QIRC questionnaire has a wide
coverage of QoL domains, including activity limitations,
symptoms, convenience, economic issues, health concerns
and well-being"®. A recent systematic review reported that
the QIRC questionnaire has better psychometric properties,
including measurement precision, than more widely used
traditional refractive error-specific patient-reported outcome
questionnaites, such as the NEI-RQL and RSVP". The
content of the QIRC questionnaire was developed following
comprehensive consultation with subjects experiencing
refractive correction’.

In this study, the QIRC scale exhibited some indications of
multidimensionality and was therefore similar to a previous
study by Ang et al.,”® who split the QIRC into ‘functional’
and ‘well-being’ scales™. In our study, the well-being items
(item numbers 14 to 20) did not form an independent
valid scale, unlike the study by Ang et al.*® The major issues
with this scale were that the measurement precision fell
below an acceptable level. Poor precision with regards to
the well-being items may relate to a high ceiling effect as
nearly two-thirds of the responses for these items were for
the category ‘never’. Floor and ceiling effects exacerbate
noise in the measurement and reduce precision'. Despite
some evidence of multidimensionality, the well-being items
were not split from the main QIRC scale. Quality-of- life
is a multidimensional concept and therefore absolute
unidimensionality may not be achieved in practice. As the
QIRC has a larger number of well-being items than other
quality-of-life domains, these items tended to group together
to form a subscale.

Although the QIRC was originally developed in a high-
resource setting, the findings of our study demonstrate
that it may be used to evaluate QoL in refractive error in
low-income countries. This is an important finding as
comprehensive and high-quality patient-reported outcome
instruments for refractive error are not particularly well
developed for low resource settings'”. Our findings highlight
the clear potential for the QIRC to compare refractive error-
specific QoL in different sub-groups (e.g. spectacles versus
contact lenses) in low-income countties.

The QIRC questionnaire was developed and validated for
use in participants who were corrected for refractive error
with spectacles, contact lenses or refractive surgery'. So
far, all the studies that have used the QIRC questionnaire
included a combination of participants with two or more
types of refractive correction (i.e. spectacles, contact lenses
or refractive surgery) (Table 4)*'*7'% However, in this
study setting, refractive error is typically corrected with
spectacles. Contact lenses are not a common mode of
refractive correction in Malawi, and refractive surgery is not
available. In addition, all the previous studies which used
the QIRC questionnaire were conducted in high-income
countries, the majority of these taking place in the UK (5
out of 7). This makes the comparison of our findings with
other studies difficult.

In this study, female participants had slightly higher QIRC
scores than male participants; however, the difference
between sexes was not statistically significant. In a previous

study, Pesudovs et al.® found no difference in the QIRC
scores related to refractive error when compared between
men and women. In contrast, Garamendi et al.!° found that
the preoperative QIRC score was significantly worse for
women; however, after refractive surgery, the overall score
improved more in women. In the current study, the QIRC
score was significantly associated with age: older participants
(28 years and above, 65.52112.61) had higher QIRC scores
than younger participants (61.10£12.84), possibly because
of the longer duration of performing usual activities with
spectacles. In the study by Pesudovs et al.? the refractive
surgery group were significantly older than the spectacle and
contact lens wearers; however, subgroup analysis by age was
not performed.

Our study found that the mean QIRC scores for the
participants with high SER and astigmatism were lower
than for those with low SER and astigmatism, respectively.
However, these differences were not statistically significant.
Similarly, there was no difference in the mean QIRC score
when compared between new and existing spectacles
wearers although wearers were anticipated to have lower
QoL scores than existing spectacle wearers. We believe that
this discrepancy arose because of the low power of the test
because of the relatively small sample size. We recommend
that a larger sample size should be used in future studies of
this nature.

We found that the QIRC scores were weakly correlated
with uncorrected visual acuity. This challenges the clinical
perspectives that consider visual acuity as the major outcome
measure of refractive correction. This finding highlights
the additional benefit of incorporating patient-reported
outcome instruments in the clinical care of people with
refractive error. Patient-reported outcomes should therefore
be an important part of comprehensive outcome assessment
in refractive correction.

This study had some limitations that need to be considered.
The subjects aged between 16 and 39 years, who had an
uncorrected visual acuity worse than 6/18 that improved
to 6/9 or better after refractive correction, were recruited
from the Malawi College of Health Sciences eye clinic.
Consequently, the findings may not be generalisable for
the entire Malawian population with refractive error. A
population-based study would provide more representative
findings at the national level. It is possible that some
ocular conditions that may not cause reduced visual acuity,
but create discomfort such as ocular allergy, may have
been missed because of our strict exclusion criteria and
therefore could have affected the Qol. scores. We believe
that the tasks that impact on the QoL of the participants
in our study might be quite different to those that impact
on UK-based participants. It is possible that a different
low- and middle-income country based QoL measure, if
developed and validated, could provide better validity results
for African settings. In a recent systematic review, Kandel
et.al.” were also sceptical about the application of the QIRC
questionnaire in different low- and middle-income country
settings. We also acknowledge that a modified version of the
QIRC instrument, if designed for spectacle wearers alone,
would provide better results. Pesudovs et al.”® suggested that
different questionnaires may be ideal if developed for each
mode of refractive correction separately, even though the
instrument was found to be suitable for refractive correction
with spectacles, contact lenses or refractive surgery. This
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suggestion was supported when the Contact Lens Impact
on Quality of life (CLIQ) questionnaire was developed and
found to have better validity for contact lens wearers™.

Another limitation associated with the QIRC instrument is
that the original questionnaire was developed from a pre-
presbyopic population, and has not been validated in a
presbyopia population. Consequently, the QIRC may not be
sensitive enough to evaluate vision-related quality of life in a
presbyopic population. Therefore, we excluded participants
with presbyopia from the current study. Considering that
25% (1.8 billion) of people across the world who are aged
35 years or over have presbyopia, and that almost 46% of
this particular population have near visual impairment due
to either no or inadequate vision correction™, there is a clear
justification for future research to target the development of
a modified QIRC instrument for the presbyopic population.

This is the first study to use the QIRC questionnaire in the
African continent to investigate the quality of life among
people with refractive error corrected with spectacles.
Although the QIRC was originally developed in a high-
resource setting, our findings show that it could also be
used in Malawi, a low-resource setting. However, as with
any patient-reported outcome measure, the QIRC should be
culturally adapted and tested for validity and psychometric
properties before applying it as a routine outcome measure.
Recent studies have discussed the exciting opportunity of
implementing a new generation patient-reported outcome
instrument for refractive error, in the form of item-banking
and computer adaptive testing'’*. Item-banking may address
the limitations of existing papet-based questionnaires in
providing comprehensive and scientific measurement of
QoL parameters in both high- and low-resource settings'” .
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Supplementary Table S1. Description of the modified Quality of life Impact with

Refractive Correction (QIRC) instrument

Domains Item no. Contents

Visual function 1 Difficulty in driving or cycling in glare conditions
Symptoms 2 During the past month, eyes feeling tired or strained
Convenience 3—7 Trouble not being able to use off-the-shelf (non-

prescription) sunglasses
Trouble before doing things; e.g. travelling, sport, going
swimming
Trouble not being able to see when you woke up; e.g. go
to the bathroom, look after a baby, see alarm clock
Trouble not being able to see when on the lakeshore or
swimming in the river or lake or pool, because you do
these activities without spectacles
Trouble when you wear spectacles when using a gym or
any other exercise
Health concerns 8-13 Concerns about the initial and ongoing cost to buy your
current spectacles
Concerns about the cost of unscheduled maintenance of
your spectacles; e.g. breakage, loss, new eye problems
Concerns about having to increasingly rely on your
spectacles since you started to wear them
Concerns about your vision not being as good as it could
be
Concerns about medical complications from your
spectacles
Concerns about eye protection from ultraviolet radiation
Well-being 14-20 During the past month, how much of the time you felt that
you looked your best
During the past month, how much of the time have you felt
that you think others see you the way you would like them
to (e.qg. intelligent, sophisticated, successful, cool)?
During the past month, how much of the time have you felt
complimented/flattered
During the past month, how much of the time have you felt
confident?
During the past month, how much of the time have you felt
happy
During the past month, how much of the time have you felt
able to do the things you want to do
During the past month, how much of the time have you felt
eager to try new things
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Supplementary Table S2. Item measures and fit statistics of QIRC items 1 to 20

Item Item Item measure Infit Outfit
MnSq MnSq

No. (SE)

1 How much difficulty do you have driving or cycling in glare 56.19 (1.86) 091 092
conditions?

2 During the past month, how often have you experienced 4591 (1.7) 096 094
your eyes feeling tired or strained?

3 How much trouble is not being able to use off-the-shelf 49.44 (1.64) 1.17 1.10
(non-prescription) sunglasses?

4 How much trouble is having to think about your spectacles 53.53 (1.68) 1.04 1.01
before doing things; e.g. travelling, sport, going swimming?

5 How much trouble is not being able to see when you wake 45.97 (1.66) 099 0.97
up; e.g. to go to the bathroom, look after a baby, see alarm
clock?

6 How much trouble is not being able to see when you are in  54.39 (1.69) 1.16 1.18
the lake or swimming in the river or pool, because you do
these activities without spectacles or contact lenses?

7 How much trouble is your spectacles when you wear them 48.4 (1.76) 1.08 1.13
when playing any time of exercise or game?

8 How concerned are you about the initial and ongoing cost 69.72 (2.11) 1.02 1.08
to buy your current spectacles?

9 How concerned are you about the cost of unscheduled 54.77 (2.35) 1.06 1.05
maintenance of your spectacles; e.g. breakage, loss, new
eye problems?

10  How concerned are you about having to increasingly rely  49.77 (2.43) 082 0.79
on your spectacles since you started to wear them?

11 How concerned are you about your vision not being as 51.75 (2.38) 085 0.84
good as it could be?

12  How concerned are you about medical complications from 46.64 (2.47) 085 0.86
your spectacles?

13  How concerned are you about eye protection from 50.25 (2.44) 1.07 1.11
ultraviolet (UV) radiation?

14 During the past month, how much of the time have you felt 52.85 (1.91) 1.05 1.04
that you have looked your best?

15  During the past month, how much of the time have you felt 53.17 (1.91) 1.06 1.06
that you think others see you the way you would like them
to (e.g. intelligent, sophisticated, successful, cool, etc.)?

16  During the past month, how much of the time have you felt 52.34 (1.93) 1.31 1.29
complimented/flattered?

17  During the past month, how much of the time have you felt 44.1 (2.02) 0.74 0.75
confident?

18  During the past month, how much of the time have you felt 40.14 (2.10) 086 0.88
happy?

19  During the past month, how much of the time have you felt 40.7 (2.06) 085 0.87
able to do the things you want to do?

20  During the past month, how much of the time have you felt 36.85 (2.18) 096 1.10

eager to try new things?

MnSq, mean square; SE, standard error.
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