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Abstract
Background: Visual acuity is commonly used as a functional outcome measure in patients with age-related macular
degeneration (AMD), despite having a weak correlation with self-perceived visual quality of life. Microperimetry is a useful
method of detecting loss of macular function. We wanted to investigate the relationship between these two objective
visual outcome measures and subjective vision-related quality of life, �nding out which objective measure is more patient-
relevant.

Methods: Fifty-one consecutive patients with AMD were recruited to the study. Participants were required to complete the
Visual Function Questionnaire 39, the Early Treatment Diabetic Retinopathy Study visual acuity examination and a
microperimetry assessment using the Micro Perimeter 3. One patient withdrew consent and seven patients dropped out
due to cooperation di�culties under microperimetry. Forty-three patients with AMD were included in the study: twenty-eight
patients with late AMD (exudative AMD) and �fteen patients with early (non-exudative) AMD. The right eye was included
as standard, as was the eye with the best-corrected visual acuity.

Results: There was a higher correlation between vision-related quality of life and macular sensitivity (r=0.458; p=0.014)
than between vision-related quality of life and visual acuity (r=0.446; p=0.018) in patients with late AMD. There was a
positive correlation between  vision-related quality of life and macular sensitivity in patients with early AMD (r=0.542;
p=0.037) while the correlation between  vision-related quality of life and visual acuity in these patients was not statistically
signi�cant. Composite score (r=0.469; p=0.012) correlated highest with the nasal outer macular sub-region and near-
distance activities score (r=0.652; p<0.001) correlated highest with the nasal inner macular sub-region in patients with late
AMD. Correlations between composite score and macular sub-regions in patients with early AMD were not signi�cant, but
near-distance activities score correlated with the nasal outer macular sub-region in these patients (r=0.469; p=0.012).

Conclusions: Macular sensitivity as measured using microperimetry correlates signi�cantly better with vision-related
quality of life than visual acuity, showing it to be a more patient-relevant outcome measure in patients with late AMD.
Furthermore, the nasal sub-regions of the macula appear to be preferred retinal loci in patients with AMD. 

Background
Age-related macular degeneration (AMD) is the leading cause of vision loss in the developed world [1]. The disease
impacts vision-related quality of life, as well as having a substantial medical cost [2-5]. In clinical practice, monitoring of
AMD is most often reliant on visual acuity and optical coherence tomography (OCT) even though it is known that both
these measures have a relatively weak correlation with measures of patient self-reporting such as the Visual Function
Questionnaire (VFQ) [3, 6]. Outcome measures that are more patient-relevant are being sought after in clinical trials, but
since patient relevance can be di�cult to quantify, it is important to identify the objective measure of visual function most
closely aligned with subjective experience.

Microperimetry is a non-invasive measure of macular sensitivity that can provide valuable information about visual
dysfunction in patients with AMD, including location and size of lesions in the macula and how they affect �xation [3, 4, 7-
9]. Studies involving patients with diabetic retinopathy have suggested that microperimetry could be a better objective
measure in quantifying visual function than visual acuity [10, 11], a claim supported by studies investigating AMD [12, 13].
We wanted to investigate the relationship between vision-related quality of life measured using VFQ and objective
measures of visual function, namely, visual acuity and microperimetry. In this, the �rst study of its kind, our primary aim
was to �nd the objective measure that is most patient-relevant in patients with AMD.

Microperimetry can measure the function of different areas of the macula and studies have shown differences in the way
in which patients with AMD �xate compared with individuals without vitreoretinal disease [14, 15]. As an additional aim,
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we wanted to investigate if different areas of the macula correlated better with VFQ, and if certain areas of the macula are
more important than others in patients with AMD. 

Methods
Study design and participants 

            Based on previous studies [16-18] and with a given signi�cance value of 0.05 and a power of 80%, we calculated
that thirty-four patients with AMD were required to undergo retinal function testing. Due to the risk of dropout, the
minimum number required was increased to forty. From October 2017 to March 2019 �fty-one consecutive patients with
AMD were recruited from the outpatient department of Zealand University Hospital.

A consultant ophthalmologist performed a full ocular examination at the start of the study. Although patients had been
diagnosed with AMD in the years prior to the study, fundus examination and OCT were used to con�rm the diagnosis. No
patients recently diagnosed with AMD were included in this study. Patients with a vitreoretinal pathology other than AMD,
glaucoma with visual �eld defect, amblyopia or cognitive de�cit were excluded from the study. One patient withdrew
consent and seven patients dropped out from the study for failing to complete the microperimetry assessment. Of these
seven, �ve were unable to �xate on the target during the investigation, one fell asleep and one had a stiff neck and found
the chin rest to be too uncomfortable. Forty-three patients with AMD were therefore included in the study. These were:
twenty-eight patients with late AMD (exudative AMD) and �fteen patients with early (non-exudative) AMD. Patients with
geographic atrophy were not included in this study so there would not be any visual acuity disparity within the late AMD
subgroup. Although this phenotype is a late stage of the disease, it is not uncommon for these patients to have so-called
foveal sparing allowing them to maintain good visual acuity, unlike patients with exudative AMD.

Additionally, for the purposes of investigating how patients with AMD differ in the way in which they �xate compared with
individuals with healthy retina, we included thirty-two individuals without vitreoretinal disease as a control group. These
individuals were also recruited from the outpatient department of our university teaching hospital. 

Measurement of Vision-related Quality of Life

Vision-related quality of life was measured using the National Eye Institute Visual Function Questionnaire-39 (VFQ).
Several instruments for measuring vision-related quality of life exist, but we chose the National Eye Institute Visual
Function Questionnaire-39 (VFQ) because our patients are Danish speakers and a Danish language version of this
questionnaire exists that is validated for use in patients with AMD [19]. 

The VFQ lasts approximately twenty minutes and consists of thirty-nine items concerning the self-reported visual health
status of an individual. The overall VFQ composite score and the near activities sub-score were included in our analysis of
results. VFQ investigations were performed by one of the authors, T.R.J.F., preferably face-to-face, or by telephone.
Interviews were conducted by telephone when patient limitations such as advanced age and disability did not allow
completion of both the questionnaire and the microperimetry investigation during the same visit and when geographical
distance and transport costs rendered a second visit unfeasible. Telephone interviews were permitted to provide �exibility
in this regard and were conducted within one week of the patient visit. All interviews were conducted in a designated
research room and a clear interview guide was used. Interviews were one-to-one unless a study participant felt it necessary
to have their next of kin present. In such cases, the investigator made a note of this both during and after the interview.

Visual acuity 

Visual acuity was examined according to departmental guidelines using the Early Treatment Diabetic Retinopathy
(ETDRS) method. Some participants only had best-corrected visual acuity (BCVA) reported in Snellen; these values were
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converted to ETDRS before performing statistical analysis. Snellen to ETDRS conversion was performed for �ve
participants in the AMD group and twelve participants in the group without vitreoretinal disease.

Microperimetry 

Microperimetry is a useful method of detecting loss of macular function in patients with AMD [5]. All microperimetry
investigations were performed by one of the authors, T.R.J.F. using a single Nidek Micro Perimeter 3 (MP-3) (Nidek Co., Ltd.
Gamagori, Japan) according to the operator instructions. The assessments were conducted in a dark room while the
contralateral eye was patched. In the case of signi�cant eye movements, which occurred often due to poor �xation in
patients with AMD, the test was paused automatically. Moreover, the test was paused if the patient needed a break. The
test could then resume after successful realignment of the study eye.

Microperimetry measures differential light sensitivity (DLS) in decibels at thirty-three different points in the region of the
macula. DLS de�nes as the “minimal luminance of a white spot stimulus superimposed on a white background of uniform
luminance necessary to perceive the stimulus” [7]. We calculated the mean overall macular sensitivity for each eye using
95% con�dence intervals and we performed local analysis of macular sensitivity by macular sub-region.

To study the individual macular sub-regions, we superimposed a standard ETDRS grid onto a fundus image obtained by
microperimetry. The ETDRS macular grid [20] is a tool that allows the macula to be divided into sub-regions when
projected onto a fundus image [21, 22]. The macular sub�elds de�ned by the ETDRS grid are: the fovea, superior inner,
temporal inner, inferior inner, nasal inner, superior outer, temporal outer, inferior outer, and nasal outer [7]. Each DLS point
corresponds with a number that determines which ETDRS sub-region it falls into. (Figure 1)

Using Microsoft Excel (Microsoft Co. Redmond, WA), we calculated the mean of the DLS points within each macular sub-
region with 95% con�dence intervals. The fovea was comprised of a single, central DLS point; the four inner sub-regions
each contained three DLS points and the four outer sub-regions each contained four DLS points. Four DLS points fell
outside of the superimposed ETDRS grid and were therefore excluded from local analysis but were included in the overall
mean macular sensitivity calculation.

Finally, we correlated data from the overall macula and the individual macular sub�elds with visual function as de�ned by
the VFQ.

 

Data Analysis

Results were analysed using two different methods: standard eye analysis and best eye analysis. (Table 1) Standard eye
analysis used data from the right eye, as far as possible. Exceptions to this rule were: cases in which a patient had clinical
evidence of AMD only in the left eye on ophthalmic examination and/or a missing or incomplete right eye microperimetry
investigation. A patient’s best eye was de�ned as the eye with highest BCVA.

Best eye analysis was required to correlate BCVA and macular sensitivity to VFQ. Objective means of measurement of
visual function do not always correlate with patients’ self-perceived visual abilities [19], but it seemed likely that the better-
seeing eye would be the more important eye in terms of subjective visual function. Best eye analysis was therefore used to
determine if BCVA or macular sensitivity related better to vision-related quality of life. Best eye analysis was also used to
investigate the correlation between different macular sub-regions and VFQ and to show how speci�c areas of the macula
relate to aspects of visual function. Standard eye analysis was performed to avoid selection bias when investigating the
effects of AMD on macular sensitivity. We used this method to compare the different ETDRS sub�elds to �nd out which
areas of the macula are more important in patients with AMD. 
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Data Analysis was performed using SPSS Statistical Analysis Software (IBM Corporation Armonk, NY). We used the
Shapiro-Wilk test of normality to determine data distribution. In the case of normal distribution, parametric tests (Pearson’s
coe�cient; independent samples t-test) were used. In the absence of normal distribution, non-parametric tests were used
(Spearman’s rho coe�cient; Mann-Whitney U-test). A p value of <0.05 was considered statistically signi�cant.

Results
We included �fteen patients with early AMD (mean age: 77.5±7.2 years), twenty-eight patients with late AMD (mean age:
79.1±5.3 years), and thirty-two individuals without vitreoretinal disease (mean age: 71.7±7.8 years) as a control group. The
control group was signi�cantly younger than the group with AMD (p<0.001; independent samples test) and we used linear
regression to adjust for this. After adjusting for age, there was a signi�cant difference between the groups in terms of
macular sensitivity (p=0.048) but the difference in visual acuity was not signi�cant (p=0.059). Demographic data is
available as an additional �le (see Additional �le 1). Visual acuities are reported in Table 1. 

With regards the main aim of this study, there was a positive correlation between VFQ composite score and BCVA in
patients with late AMD (r=0.446; p=0.018 Pearson’s Correlation), but the correlation between VFQ composite score and
overall macular sensitivity in these patients was higher (r=0.458; p=0.014). (Figure 2) There was a positive correlation
between VFQ composite score and overall macular sensitivity in patients with early AMD (r=0.542; p=0.037) but the
correlation between BCVA and VFQ composite score was not statistically signi�cant. There were no signi�cant differences
between males and females in the VFQ scores and their association with visual acuity and microperimetry measures. Full
correlation data for early and late AMD are shown in Table 2 and Table 3 respectively. When we tested the relationship
between BCVA and macular sensitivity in patients with late AMD we found there to be a positive correlation (rho=0.502;
p=0.007); however, the same correlation was not statistically signi�cant in patients with early AMD.

            To address the secondary purpose of this study, which was to investigate how patients with AMD differ from those
with healthy retina in terms of how they preferentially recruit sub-regions of the macula, we obtained macular sensitivities
measured in decibels for eyes with AMD and eyes without vitreoretinal disease. The overall macular sensitivities were 21.9
(interquartile range (IQR): 8.8) in the early AMD sub-group and 18 (IQR: 10) in the late AMD sub-group, compared with
22.61 (IQR: 7) in the healthy retina group (p<0.001; Mann-Whitney U-test).

In patients with AMD and individuals without vitreoretinal disease, the area of the macula with the highest macular
sensitivity was the temporal outer sub-region. The macular sensitivities in this area were: 23.0 (IQR: 7) in the early AMD
sub-group and 22.8 (IQR: 8 in the late AMD sub-group compared with 23.59 (IQR: 7) in the healthy retina group, a
difference that was statistically signi�cant (p=0.012; Mann-Whitney U-test). Macular sensitivity results are provided as an
additional �le (see Additional �le 2).

When we correlated the different ETDRS sub�elds with VFQ, the VFQ composite score correlated highest with the nasal
inner macular sub-region (rho=0.508; p=0.06) in patients with late AMD, but this correlation was not statistically
signi�cant. The second highest correlation was the nasal outer macular sub-region, (r=0.469; p=0.012) suggesting that
this area of the macula is important in terms of vision-related quality of life in these patients. Correlations between
composite score and macular sub-regions in patients with early AMD and individuals with healthy retina were not
signi�cant.

The VFQ near-distance activities sub-score correlated with the nasal inner macular sub-region in patients with late AMD
(r=0.652; p=<0.001), and with the nasal outer sub-region in patients with early AMD (r=0.469; p=0.012), suggesting that the
nasal macula is important to this aspect of visual functioning in patients with AMD. Correlations between near-distance
activities sub-score and macular sub-regions in individuals with healthy retina were not signi�cant. Full correlation data is
available as an additional �le (see Additional �le 3).
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Discussion
BCVA is commonly used as an outcome measure in clinical studies and as a general measure of visual function. The need
for an objective method of testing visual outcome, such as BCVA, in response to treatment is widely accepted. BCVA has a
low correlation with VFQ [19]. Microperimetry has been shown to correlate signi�cantly with visual acuity (p=0.0001) [23].
Our results now suggest that microperimetry could be a superior measure of visual outcome than visual acuity because it
correlates better with VFQ.

The importance of VFQ as a subjective method of vision assessment is accepted and it is acknowledged that responses
may differ depending on how the questionnaire is administered [24]. Most studies that compare different modes of
administration �nd a small or negligible impact on the results [25, 26], although one study reported that telephone
administration is associated with more positive quality of life scores [27]. However, limitations due to disability should not
be a factor in determining whether an individual is eligible to be interviewed, and it makes sense to provide �exibility in this
regard by interviewing over the phone [28]. Nevertheless, face-to-face interviews are often preferable as this mode allows
for the observation of non-verbal cues, providing a more natural type of interchange between the interviewer and the
subject [29]. Responses can be in�uenced either over the phone or face-to-face, through in�ections of the voice, gestures
and facial expressions [30] and it is therefore important that an interviewer maintains the neutral tone of voice and style of
delivery set out by the interview guide when administering the VFQ.

Unlike microperimetry, which uses decibels, visual acuity has no standardised measurement as distances can be
measured in feet or metres. In addition, there are several different methods of visual acuity examination in clinical use [6,
31, 32], making it di�cult to directly compare results from different clinics and research centres. Visual acuity measures a
person’s ability to discriminate between stimuli when presented on a highly contrasted background [6]. For routine visual
acuity assessment in daily clinical practice, the Snellen Visual Acuity Chart or the ETDRS Chart is generally used [32].

Previous studies recommend the ETDRS method of visual acuity measurement in patients with AMD because it has better
accuracy and reproducibility than Snellen, particularly in patients with advanced disease [6, 31, 33]. This is especially
relevant as visual acuity may not be affected in patients with AMD until the disease has progressed into the late stage [3,
9, 12]. The ETDRS chart measures visual acuity from a distance of four metres, so a specially adapted room is required,
which is not the case when using microperimetry. Moreover, the accuracy of the visual acuity assessment is often
dependent on the competency level of the examiner, leading to inter-observer variability [32]. Unlike the visual acuity
assessment, microperimetry is an automated functional test, meaning that the investigator does not run the same risk of
acquiring unreliable data.

Microperimetry is a non-invasive procedure to assess macular sensitivity while the fundus is directly examined through
live imaging [5]. Other clinical tests of visual function have been found to be useful measures in AMD. These include:
contrast sensitivity [34]; dark adaptation [35] and electroretinography (ERG) [36]. Unlike in ERG, there is no standardised
protocol in microperimetry. For example, no recommendations exist on whether patients should be examined with their
pupils dilated or undilated, although a recent study found that patients may be tested with or without pupil dilation as both
scenarios produce consistent and interchangeable results [37]. Microperimetry enables clinicians to directly relate visual
function to underlying fundus morphology, giving insight into the pathophysiology and natural history of retinal disease.
Even in the presence of relatively good visual acuity, such as in the early stage of AMD, microperimetry can provide
relevant information regarding macular dysfunction [7, 8]. Sugawara et al. have already shown a signi�cant positive
correlation (p=0.0003) between macular sensitivity as measured by microperimetry and vision-related quality of life in
patients with retinitis pigmentosa [38]; now our correlations reveal that macular sensitivity relates more closely to vision-
related quality of life in patients with AMD than does the ETDRS measurement of visual acuity.
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Microperimetry technology contains an eye-tracking system that automatically corrects the position of the stimulus when
a patient changes their �xation. The Nidek MP-3 has an eye tracking system that automatically registers the position of
the eye relative to anatomical landmarks twenty-�ve times per second [6]. Additionally, microperimetry has been shown to
have high test-retest reliability even when visual acuity is poor, and �xation is unstable and eccentric [39]. Microperimetry
is therefore proven to be a useful tool in tracking disease progression when looking at treatment e�cacy or performing a
longitudinal study [3, 40]. 

The Nidek MP-3 microperimeter can provide an overall macular sensitivity by calculating the mean of all DLS points inside
the region of the macula. Patients with AMD may show macular dysfunction that precedes noticeable vision loss [3,
40] and our results show that overall macular sensitivity is reduced in early and late AMD compared with eyes with healthy
retina. Therefore, microperimetry may be a more sensitive screening tool for early disease than visual acuity.

In patients with AMD, DLS points can vary greatly in terms of their retinal sensitivity. This produces a wide range of results
within the same macula: for example, a clinically signi�cant difference in retinal sensitivity is found at the border of a
scotoma. Analysis of retinal sensitivity at individual DLS points therefore allows for a more localised assessment of
macular function [3, 7, 40] that can be helpful in the management of retinal pathology [9]. Macular sub�eld analysis can
be used clinically in the management of patients with AMD to determine the impact of the disease on speci�c areas of the
macula.

Although macular sensitivity is more closely aligned with vision-related quality of life than the ETDRS method of visual
acuity testing, microperimetry is not without limitations. The investigation can be time consuming and it requires good
patient cooperation. Microperimetry in patients with AMD with unstable �xation can be even more time-consuming as in
order for the investigation to proceed to eventual completion, eye movements must be either corrected automatically by
the microperimeter or manually by the technician. Furthermore, microperimetry equipment comes at a cost to the
healthcare provider [41], although we might reasonably expect the apparatus to become less expensive over time.

We chose to correlate macular sub�elds with the near-distance activities sub-score of the VFQ because the inability of
patients with AMD to maintain steady �xation is strongly associated with slower reading [42]. This particular aspect of
visual function can affect quality of life in patients with AMD [43].

In both AMD sub-groups, we observed that the nasal macula strongly correlated with VFQ composite and near activities
scores. A person with healthy retina would normally use their fovea to perform near-distance activities, but patients with
macular dysfunction typically recruit a parafoveal region of the macula as their preferred retinal locus for �xating and
scanning text [10, 11, 44]. The strong correlation between the nasal macular sensitivity and the VFQ near activities sub-
score in particular suggests that the nasal inner and outer sub-regions are preferred retinal loci in patients with early and
late AMD respectively. It is known that the macula region is rich in rod photoreceptors, but that these are affected earliest
and most severely in AMD [45, 46]. The highest rod densities are located along an elliptical ring at the eccentricity of the
optic disc extending into the nasal macula [47], which may explain why we found this area of the macula to be useful in
patients with AMD. Furthermore, rod function has been shown to be important to vision-related quality of life in patients
with AMD undergoing cataract surgery [48]. Our results may therefore be suggestive of a pattern of disease-mediated rod
photoreceptor loss, but further studies are required to investigate the possible clinical implications of this.

            There were no statistically signi�cant correlations observed in the group without vitreoretinal disease. This may be
due to a ceiling-effect caused by a narrow range of retinal sensitivities among those without vitreoretinal disease. Indeed,
a similar trend was observed by Barboni et al. in the control group of their study [40]. 

AMD is a heterogenous disease and a strength of this study is that we divided patients by stage: those with neovascular
AMD were allocated one sub-group, while those with non-neovascular AMD without geographic atrophy were allocated
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another. A limitation of this study is that we did not include a sub-group of patients with geographic atrophy so that we
could correlate functional outcome measures with lesion size. Future studies could seek to correlate retinal function with
disease morphology in these patients. Our study did not divide the patients according to severity or phenotype: future
studies could repeat our experiment with the addition of an intermediate AMD sub-group. Furthermore, in this study the
AMD group and the healthy retina group were not age-matched. This is an inherent di�culty in case-control studies
involving AMD, as it is estimated that up to one third of the population older than 60 years have drusen clinically, and
perhaps all elderly people have drusen histologically [49]. 

Conclusions
Our �ndings show that mean macular sensitivity relates better to vision-related quality of life than BCVA using the ETDRS
method of testing. Microperimetry is arguably superior to visual acuity as a measure of visual outcome and we therefore
recommend the implementation of microperimetry in clinical practice in order to improve the management of patients with
AMD. Use of microperimetry can also potentiate further studies that aim to investigate macular morphology and function
in greater detail. In the future it may be possible to use microperimetry as a prognostic tool for predicting vision-related
quality of life in patients with AMD by analysing areas of reduced macular sensitivity.

Abbreviations
AMD = age-related macular degeneration; BCVA = best-corrected visual acuity; DLS = differential light sensitivity; ERG =
electroretinography; ETDRS = Early Treatment Diabetic Retinopathy Study; IQR = interquartile range; OCT = optical
coherence tomography; VFQ = visual function questionnaire.

Declarations
Ethics approval and consent to participate

            This study was conducted in accordance with the ethical principles stated in the Declaration of Helsinki. The study
was approved by the Ethics Committee of Region Zealand, Denmark (Den Videnskabsetiske Komité for Region
Sjælland) with reference number SJ-618. Informed oral and written consent was obtained from all participants.

Consent for publication

            Not applicable.

Availability of data and materials

            All data generated or analysed during this study are included in this published article and its supplementary
information �les.

Competing interests

            The authors declare that they have no competing interests.

Funding

This study was supported by the Danish Eye Research Foundation, Synoptik Foundation, Fight for Sight Denmark, and the
Jascha Fund. The funding bodies had no in�uence on: the design of the study; the collection, analysis and interpretation
of the data; the preparation of the manuscript; or the decision to publish.

Authors’ contributions



Page 9/16

TLS designed the study. TRJF and AKP collected the patient data. All authors analysed and interpreted the data and were
major contributors in writing the manuscript. All authors read and approved the �nal manuscript.

Acknowledgements

Thanks to Grace Chandler for help with �gures. The authors also gratefully acknowledge Christopher Rue Molbech and
Yousif Subhi for their assistance with statistics. 

References
1. Prokofyeva E, Zrenner E. Epidemiology of major eye diseases leading to blindness in Europe: a literature review.

Ophthalmic Res. 2012;47:171-188.

2. Mitchell J, Bradley C. Quality of life in age-related macular degeneration: a review of the literature. Health and quality
of life outcomes. Health Qual Life Outcomes. 2006;4:97.

3. Chandramohan A, Stinnett SS, Petrowski JT, Schuman SG, Toth CA, Cousins SW et al. Visual function measures in
early and intermediate age-related macular degeneration. Retina. 2016;36:1021-1031.

4. Taylor DJ, Hobby AE, Binns AM, Crabb DP. How does age-related macular degeneration affect real-world visual ability
and quality of life? A systematic review. BMJ open. 2016;6:e011504

5. Laishram M, Srikanth K, Rajalakshmi AR, Nagarajan S, Ezhumalai G. Microperimetry - A new tool for assessing retinal
sensitivity in macular diseases. Journal of Clinical and Diagnostic Research. 2017;11:8-11.

�. Falkenstein IA, Cochran DE, Azen SP, Dustin L, Tammewar AM, Kozak I, et al. Comparison of visual acuity in macular
degeneration patients measured with snellen and early treatment diabetic retinopathy study charts. Ophthalmology.
2008;115:319-23.

7. Cassels NK, Wild JM, Margrain TH, Chong V, Acton JH. The use of microperimetry in assessing visual function in age-
related macular degeneration. Surv Ophthalmol. 2017;63:40-55.

�. Nagpal M, Khandelwal J, Juneja R, Mehrotra N. Correlation of optical coherence tomography angiography and
microperimetry (MP-3) features in wet age-related macular degeneration. Indian J Ophthalmol. 2018;66:1790-1795.

9. Crossland M, Jackson M, Seiple WH. Microperimetry: A review of fundus related perimetry. Optometry Reports.
2012;2:11-15.

10. Midena E, Vujosevic S. Microperimetry in diabetic retinopathy. Saudi Journal of Ophthalmology. 2011;25:131–135

11. Vujosevic S, Casciano M, Pilotto E, Boccassini B, Varano M, Midena E. Diabetic macular edema: fundus
auto�uorescence and functional correlations. Invest Ophthalmol Vis Sci. 2011;52:442-448.

12. Midena E, Vujosevic S, Convento E, Manfre' A, Cavarzeran F, Pilotto E. Microperimetry and fundus auto�uorescence in
patients with early age-related macular degeneration. Br J Ophthalmol. 2007;91:1499-1503.

13. Schmitz-Valckenberg S, Bültmann S, Dreyhaupt J, Bindewald A, Holz FG, Rohrschneider K. Fundus auto�uorescence
and fundus perimetry in the junctional zone of geographic atrophy in patients with age-related macular degeneration.
Invest Ophthalmol Vis Sci.  2004;45:4470-4476.

14. Shima N, Markowitz SN, Reyes SV Concept of a functional retinal locus in age-related macular degeneration. Can J
Ophthalmol. 2010;45:62-66.

15. Midena E, Pilotto E. Microperimetry in age: related macular degeneration. Eye (Lond). 2017;31:985-994

1�. Pedersen KB, Møller F, Sjølie AK, Andréasson S. Electrophysiological assessment of retinal function during 6 months
of bevacizumab treatment in neovascular age-related macular degeneration. Retina. 2010;30:1025-1033.

17. Ma Y, Huang J, Zhu B, Sun Q, Miao Y, Zou H. Cataract surgery in patients with bilateral advanced age-related macular
degeneration: Measurement of visual acuity and quality of life. J Cataract Refract Surg. 2015;41:1248-1255. 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3729332/
https://www.ncbi.nlm.nih.gov/pubmed/?term=Vujosevic%20S%5BAuthor%5D&cauthor=true&cauthor_uid=20720226
https://www.ncbi.nlm.nih.gov/pubmed/?term=Casciano%20M%5BAuthor%5D&cauthor=true&cauthor_uid=20720226
https://www.ncbi.nlm.nih.gov/pubmed/?term=Pilotto%20E%5BAuthor%5D&cauthor=true&cauthor_uid=20720226
https://www.ncbi.nlm.nih.gov/pubmed/?term=Boccassini%20B%5BAuthor%5D&cauthor=true&cauthor_uid=20720226
https://www.ncbi.nlm.nih.gov/pubmed/?term=Varano%20M%5BAuthor%5D&cauthor=true&cauthor_uid=20720226
https://www.ncbi.nlm.nih.gov/pubmed/?term=Midena%20E%5BAuthor%5D&cauthor=true&cauthor_uid=20720226
https://www.ncbi.nlm.nih.gov/pubmed/?term=Midena%20E%5BAuthor%5D&cauthor=true&cauthor_uid=17504849
https://www.ncbi.nlm.nih.gov/pubmed/?term=Vujosevic%20S%5BAuthor%5D&cauthor=true&cauthor_uid=17504849
https://www.ncbi.nlm.nih.gov/pubmed/?term=Convento%20E%5BAuthor%5D&cauthor=true&cauthor_uid=17504849
https://www.ncbi.nlm.nih.gov/pubmed/?term=Manfre%27%20A%5BAuthor%5D&cauthor=true&cauthor_uid=17504849
https://www.ncbi.nlm.nih.gov/pubmed/?term=Cavarzeran%20F%5BAuthor%5D&cauthor=true&cauthor_uid=17504849
https://www.ncbi.nlm.nih.gov/pubmed/?term=Pilotto%20E%5BAuthor%5D&cauthor=true&cauthor_uid=17504849
https://www.ncbi.nlm.nih.gov/pubmed/?term=Schmitz-Valckenberg%20S%5BAuthor%5D&cauthor=true&cauthor_uid=15557456
https://www.ncbi.nlm.nih.gov/pubmed/?term=B%C3%BCltmann%20S%5BAuthor%5D&cauthor=true&cauthor_uid=15557456
https://www.ncbi.nlm.nih.gov/pubmed/?term=Dreyhaupt%20J%5BAuthor%5D&cauthor=true&cauthor_uid=15557456
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bindewald%20A%5BAuthor%5D&cauthor=true&cauthor_uid=15557456
https://www.ncbi.nlm.nih.gov/pubmed/?term=Holz%20FG%5BAuthor%5D&cauthor=true&cauthor_uid=15557456
https://www.ncbi.nlm.nih.gov/pubmed/?term=Rohrschneider%20K%5BAuthor%5D&cauthor=true&cauthor_uid=15557456
https://www.ncbi.nlm.nih.gov/pubmed/15557456
https://www.ncbi.nlm.nih.gov/pubmed/?term=Shima%20N%5BAuthor%5D&cauthor=true&cauthor_uid=20130713
https://www.ncbi.nlm.nih.gov/pubmed/?term=Markowitz%20SN%5BAuthor%5D&cauthor=true&cauthor_uid=20130713
https://www.ncbi.nlm.nih.gov/pubmed/?term=Reyes%20SV%5BAuthor%5D&cauthor=true&cauthor_uid=20130713
https://www.ncbi.nlm.nih.gov/pubmed/28257134
http://www.ncbi.nlm.nih.gov/pubmed/?term=Ma%2520Y%255BAuthor%255D&cauthor=true&cauthor_uid=26189380


Page 10/16

1�. Pedersen, KB, Sjølie AK, Vestergaard AH, Andréasson S, Møller F. Fixation stability and implication for multifocal
electroretinography in patients with neovascular age-related macular degeneration after anti-VEGF treatment Arch Clin
Exp Ophthalmol. 2016;254:1897-1908.

19. Sørensen MS, Andersen, S, Henningsen GO, Larsen CT, Sørensen TL. Danish version of Visual Function Questionnaire-
25 and its use in age-related macular degeneration. Dan Med Bull. 2011;58:1-5.

20. Age-Related Eye Disease Study Research Group. The Age-Related Eye Disease Study System for classifying age-
related macular degeneration from stereoscopic color fundus photographs: the Age-Related Eye Disease Study Report
Number 6. Am J Ophthalmol. 2001;132:668-681.

21. Kim MS, Kim DY, Jo YJ, Kim JY. The Effect of Machine Aging on the Measurements of Optical Coherency
Tomography.  Journal of the Korean Ophthalmological Society. 2016;57:1087-1092.

22. Ka�eh R, Rabbani H, Hajizadeh F, Abramoff MD, Sonka M. Thickness mapping of eleven retinal layers segmented
using the diffusion maps method in normal eyes. Journal of Ophthalmology. 2015;2015:1-14

23. Okada K, Yamamoto S, Mizunoya A, Hoshino A, Arai M, Takatsuna Y. Correlation of Retinal Sensitivity Measured with
Fundus-related Microperimetry to Visual Acuity and Retinal Thickness in Eyes with Diabetic Macular Edema. Eye
(Lond). 2006;20:805-809.

24. Boynton PM, Wood GW, Greenhalgh T. Reaching beyond the white middle classes. BMJ. 2004;328:1433-1436.

25. McColl E, Fayers PM. Context effects and proxy assessments. In: Fayers PM and Hays RD (eds), Assessing Quality of
Life in Clinical Trials: Methods and Practice (2nd ed.). Oxford: Oxford University Press, 2005.

2�. Gundy C and Aaronson NK. Effects of mode of administration (MOA) on the measurement properties of the EORTC
QLQ‐C30: a randomized study. Health Qual Life Outcomes. 2010;8:35.

27. Hays RD, Kim W, Spritzer KL, et al. Effects of mode and order of administration on generic health‐related quality of life
scores. Value Health. 2009;12:1035–1039.

2�. Schechter S, Blair J, Hey JV. Conducting Cognitive Interviews To Test Self-Administered and Telephone Surveys:
Which Method Should We Use? Proceedings of the Section on Survey Methods Research, American Statistical
Association. American Statistical Association, 1996.

29. Willis GB. Cognitive Interviewing – “How To” Guide. Research Triangle Institute, 1999. Available at:
https://www.hkr.se/contentassets/9ed7b1b3997e4bf4baa8d4eceed5cd87/gordonwillis.pdf accessed on 05.07.2020.

30. Houtkoop-Steenstra H. Interaction and the standardised survey interview: the living questionnaire. Cambridge:
Cambridge University Press, 2000.

31. Shamir RR, Friedman Y, Joskowicz L, Mimouni M, Blumenthal EZ. Comparison of Snellen and Early Treatment
Diabetic Retinopathy Study charts using a computer simulation. International Journal of Ophthalmology. 2016;9:119-
123.

32. Kaiser PK. Prospective evaluation of visual acuity assessment: a comparison of Snellen versus ETDRS charts in
clinical practice (An AOS Thesis). Trans Am Ophthalmol Soc. 2009;107:311-324.

33. Cocce KJ, Stinnett SS, Luhmann UFO, Vajzovic L, Horne A, Schuman SG, et al. Visual Function Metrics in Early and
Intermediate Dry Age-related Macular Degeneration for Use as Clinical Trial Endpoints. Am J Ophthalmol.
2018;189:127-138.

34. Faria BM, Duman F, Zheng CX, et al. Evaluating Contrast Sensitivity in Age-related Macular Degeneration Using a
Novel Computer-Based Test, The Spaeth/Richman Contrast Sensitivity Test. Retina. 2015;35:1465-1473.

35. Laíns I, Miller JB, Park DH et al. Structural Changes Associated with Delayed Dark Adaptation in Age-Related Macular
Degeneration. Ophthalmology. 2017;124:1340–1352.

https://www.hkr.se/contentassets/9ed7b1b3997e4bf4baa8d4eceed5cd87/gordonwillis.pdf


Page 11/16

3�. Gerth, C. The role of the ERG in the diagnosis and treatment of Age-Related Macular Degeneration. Documenta
Ophthalmologica. 2009;118:63–68.

37. Han RC, Jolly JK, Xue K, MacLaren RE. Effects of pupil dilation on MAIA microperimetry. Clin Exp Ophthalmol.
2017;45:489-495.

3�. Sugawara T, Sato E, Baba T, Hagiwara A, Tawada A, Yamamoto S. Relationship between Vision-related quality of life
and Microperimetry-determined Macular Sensitivity in Patients with Retinitis Pigmentosa. Jpn J Ophthalmol.
2011;55:643-646.

39. Weingessel B, Sacu S, Vecsei-Mailovits PV, Weingessel A, Richter-Mueksch S, Schmidt-Erfurth U. Interexaminar and
intraexaminar reliability of the microperimeter MP-1. Eye (Lond). 2009;23:1052-1058

40. Barboni, M, Szepessy, Z, Ventura, DF, & Németh, J. Individual Test Point Fluctuations of Macular Sensitivity in Healthy
Eyes and Eyes with Age-Related Macular Degeneration Measured with Microperimetry. Translational Vision Science &
Technology. 2018;7:1-12.

41. Wu Z, Ayton LN, Guymer RH, Luu CD. Low-luminance visual acuity and microperimetry in age-related macular
degeneration. Ophthalmology. 2014;121:1612-1619.

42. Crossland MD, Dunbar HMP, Rubin GS. Fixation stability measurement using the MP1 microperimeter. Retina.
2009;29:651-656

43. Kaltenegger K, Kuester S, Altpeter-Ott E, Eschweiler GW, Cordey A, Ivanov IV, et al. Effects of home reading training on
reading and quality of life in AMD – a randomized and controlled study. Graefes Arch Clin Exp Ophthalmol.
2019;257:1499-1512.

44. Raasch TW. What we don't know about eccentric viewing. Br J Ophthalmol. 2004;88:443.

45. Østerberg G. Topography of the layer of rods and cones in the human retina. Acta Ophthalmol. 1935;13:1-97.

4�. Curcio CA, Millican CL, Allen KA, Kalina RE. Aging of the human photoreceptor mosaic: Evidence for selective
vulnerability of rods in central retina. Investig Ophthalmol Vis Sci. 1993;34:3278-3296.

47. Curcio CA, Sloan KR, Kalina RE, Hendrickson AE. Human photoreceptor topography. J Comp Neurol. 1990;292:497-
523.

4�. Forshaw TRJ, Ahmed HJ, Kjær TW, Andréasson S, Sørensen TL. Full-�eld electroretinography in age-related macular
degeneration: can retinal electrophysiology predict the subjective outcome of cataract surgery? Acta Ophthalmol.
2020;98:693-700.

49. Ferris FL. Senile macular degeneration: Review of epidemiologic features. Am J Epidemiol. 1983;118:132–151.

List Of Additional Files
Additional �le 1: Word.docx; Patient characteristics; table

Additional �le 2: Word.docx; Median macular sensitivities in age-related macular degeneration and healthy retina using
right eye as standard; table

Additional �le 3: Word.docx; Visual Function Questionnaire sub-scores correlated with macular sensitivities by sub-region;
table

Additional �le 4: Word.doc; Consolidated criteria for reporting qualitative studies checklist; table

Tables
Table  1:  Comparison   between  best  eye   analysis  and  standard   eye  analysis  data  
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  Best  Eye  Analysis* Standard     Eye  Analysis†

  Early
 AMD    
Group

Late
 AMD

 Group 

Healthy
 Retina
 Group

p  values

 

Early
 AMD    
Group

Late
 AMD
 Group

Healthy
 Retina
 Group

p  values

 

p1 p2 p3 p1 p2 p3

Visual    
acuity
 

74.7  SD:
 ±5.3

 ETDRS
(6/9.5

 Snellen)

67.9  SD:
 ±13.7

 ETDRS
(6/15

 Snellen)

73.5  SD:
 ±8.7

 ETDRS
(6/9

 Snellen)

0.018 <0.001 0.08 71.5  SD:
 ±6.8

 ETDRS
(6/12

 Snellen)

57.2  SD:
 ±23.2

 ETDRS
(6/24

 Snellen)

73.5    
SD:

 ±8.7
 ETDRS
(6/9    

Snellen)

0.117 <0.001 0.04

Total
 macular  
 
sensitivity
(dB)

21.9
IQR:    

8.8

18
IQR:    

10

22.61
IQR:     7

0.059 <0.001 0.016 21.9
IQR:    

8.8 

15.2
IQR:    

13  

22.61
IQR:    

7

0.151 <0.001 0.014

*Eye  with   best-corrected  visual  acuity   used

†Right  eye  used   as  standard

AMD=age-related   macular  degeneration;  dB=decibels;   ETDRS=Early  Treatment  Diabetic   Retinopathy  Study;
 IQR=interquartile  range;   p1=early  AMD  compared   with  healthy  retina;   p2=late  AMD  compared   with  healthy  retina;  
p3=early  AMD  compared   with  late  AMD;   SD=standard  deviation

 

Table 2: Visual Function Questionnaire correlated with visual acuity and macular sensitivity in early age-
related macular degeneration
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VFQ sub-score   Best-corrected visual acuity Macular sensitivity

Composite r  0.130 0.542†
p value 0.644 0.037

General Vision  r  0.339 0.479
p value 0.217 0.071

Near Activities  r  0.306 0.595†
p value 0.268 0.019

Distance Activities  r  0.059 0.664*
p value 0.834 0.007

Peripheral Vision rho  -0.027 0.039
p value 0.928 0.896

Driving r  0.005 0.450
p value 0.989 0.165

Social Functioning
 

rho  0.019 0.617†
p value 0.946 0.014

Role Difficulties
 

rho  0.042 0.259
p value 0.883 0.351

Dependency
 

rho  -0.011 0.323
p value 0.970 0.241

Mental Health
 

r 0.318 0.412
p value 0.249 0.127

Color Vision  rho  -0.091 0.048
p value 0.747 0.864

Ocular Pain rho  0.259 0.045
p value 0.351 0.873

General Health  rho  0.119 0.536†
p value 0.673 0.04

*indicates correlation is significant at the 0.01 level (2-tailed). 

†indicates correlation is significant at the 0.05 level (2-tailed).

VFQ=Visual Function Questionnaire

 

Table 3: Visual Function Questionnaire correlated with visual acuity and macular sensitivity in late age-
related macular degeneration
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VFQ sub-score   Best-corrected visual acuity Macular sensitivity

Composite r 0.446† 0.458†
p value 0.018 0.014

General Vision  r 0.236 0.154
p value 0.227 0.433

Near Activities  r  0.611* 0.598*
p value <0.001 <0.001

Distance Activities  r 0.379† 0.271
p value 0.047 0.163

Peripheral Vision rho  0.068 0.455†
p value 0.729 0.015

Driving r 0.469 0.656*
p value 0.058 0.004

Social Functioning
 

rho  0.258 0.203
p value 0.186 0.301

Role Difficulties
 

rho  0.352 0.368
p value 0.066 0.054

Dependency
 

rho  0.259 0.357
p value 0.184 0.62

Mental Health
 

r 0.312 0.312
p value 0.107 0.107

Color Vision  rho  0.098 0294
p value 0.621 0.129

Ocular Pain rho  -0.115 0.168
p value 0.559 0.393

General Health  rho  -0.145 0.048
p value 0.461 0.808

*indicates correlation is significant at the 0.01 level (2-tailed).

†indicates correlation is significant at the 0.05 level (2-tailed).

VFQ=Visual Function Questionnaire

Figures
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Figure 1

Diagram of a fundus image with superimposed Early Treatment of Diabetic Retinopathy Study macular grid. Numbered
dots show the locations of the individual retinal sensitivity measurements or differential light sensitivity points. Note that
four differential light sensitivity points numbered 7; 15; 23 and 31 lie outside the Early Treatment of Diabetic Retinopathy
Study grid.
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Figure 2

Visual Function Questionnaire and visual acuity and macular sensitivity correlations in late age-related macular
degeneration.
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