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Vision-related quality of life is selectively
affected by comorbidities in patients
with geographic atrophy
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Abstract

Background The atrophic late stage of age-related macular degeneration (AMD) is termed geographic atrophy (GA),
and affects visual acuity (VA) as well as quality of life (QoL). Previous studies have found that best-corrected VA (BCVA),
the standard vision assessment often underrepresents functional deficits. Therefore, the purpose of this study was

to evaluate the correlation between atrophic lesion size, VA and QoL measured with the National Eye Institute Visual
Function Questionnaire (VFQ-39) in a Danish population. Moreover, we wanted to evaluate the correlation between
comorbidities, behavioural factors, and QoL.

Methods This was prospective clinical study of 51 patients with GA in one or both eyes, of these 45 patients had
bilateral GA. Patients were consecutively included between April 2021 and February 2022. All patients filled in the
VFQ-39 questionnaire except the subscales “ocular pain”and “peripheral vision.” Lesion size was measured from
fundus autoflourescense images, and BCVA was assessed by the Early Treatment Diabetic Retinopathy Study (ETDRS)
protocol.

Results We found an overall low score in each VFQ-39 subscale scores reflected by GA. Lesion size and VA were

both significantly associated with all VFQ-39 subscale scores except for “general health!VA showed a larger effect

on Qol than lesion size. Chronic obstructive pulmonary disease (COPD) was associated with a lower score in the
subscale score “general health” but none of the other subscale scores were affected. Cardiovascular disease (CVD) was
associated with a lower BCVA as well as in QoL reflected in the subscale scores “poor general vision, "near activities,’
and "dependency” of VFQ-39.

Conclusion Both atrophic lesion size and visual acuity affects QoL in Danish patients with GA, who reports an overall
poor QoL. CVD seems to have a negative effect on disease, as well as in VFQ-39 in several subscales, whereas COPD
did not affect disease severity or vision-related subscales in VFQ-39.

Keywords Age-related macular degeneration, Early treatment diabetic retinopathy study, Visual acuity, Vision-related
quality of life, Visual function questionnaire 39, Comorbidities, Smoking

*Correspondence:

Ditte-Marie Leegaard Holm

ditte_holm_89@hotmail.com

'Clinical Eye Research Division, Department of Ophthalmology, Zealand
University Hospital, Vestermarksvej 23, Roskilde DK-4000, Denmark
%Faculty of Health and Medical Sciences, University of Copenhagen,
Copenhagen, Denmark

© The Author(s) 2023. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which permits use,
sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the original author(s) and
the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or other third party material in this

article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the material. If material is not included
in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/. The
Creative Commons Public Domain Dedication waiver (http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available
in this article, unless otherwise stated in a credit line to the data.


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12886-023-02901-9&domain=pdf&date_stamp=2023-4-11

Holm et al. BMC Ophthalmology (2023) 23:153

Background

Age-related macular degeneration (AMD) is a chronic
progressive eye disorder involving the central retina, and
it is a leading cause of vision impairment in the elderly
[1, 2]. Geographic atrophy (GA) is a late stage of AMD,
where progressive atrophy destroys the pigment epi-
thelium, choriocapillaris and photoreceptors [1]. In the
elderly over 70-years-old in Europe the prevalence of late
AMD has been estimated to be 3.0% [3]. Moreover at the
age of 85-years-old the incidence of GA is around 4 times
higher compared to neovascular-AMD, and up to 22% of
90-years-old suffer from GA [4]. Currently, there is no
treatment available to avoid or halt disease.

Geographic atrophy often occurs bilaterally, where
atrophic lesions originates parafoveally from where the
lesions can enlarge through the macular area and beyond.
If GA is not involving fovea, best-corrected visual acu-
ity (BCVA) may be rather good on a chart, but still affect
daily functions such as reading, driving, cooking etc. due
to delayed dark adaption, reduced contrast sensitivity
and dense central scotomas. When the atrophic lesion
involves the fovea, the patient will experience a further
deterioration in visual function. Previous studies have
assessed the association between visual acuity (VA), reti-
nal extent of GA, and scores in visual function question-
naires (VFQ) in patients with GA [5-8]. Nevertheless,
to our knowledge no studies have previously evaluated
this in a Scandinavian population, and moreover no
studies have previously investigated the association
between VFQ, general health status reflected in existents
of comorbidities nor smoking in a population with GA.
Since most patients above the age of 70 have more than
one chronic disease [9], our study provides important
insights into how GA affects the vision-related quality of
life in patients with comorbidities.

Aims of the study We wanted to evaluate what factors
affects VFQ-39 in patients with GA. Firstly, we wanted
to evaluate whether the size of GA or visual acuity had
most impact on QoL in a Danish population. Secondly,
we wanted to evaluate the correlation between smoking,
presence of comorbidities, and VFQ-39-scores.

Methods

Study population

This was a prospective clinical study that took place at
the Department of Ophthalmology, Zealand University
Hospital, Denmark. All potential patients were explained
the nature and purpose of the study, and all patients gave
oral and written consent. The study followed the tenets
of the Declaration of Helsinki and was approved by the
Regional Ethics Committee (reference number: SJ-736).
All patients were questioned about medical history, cur-
rent medication, and tobacco use. In addition medical
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history as well as current and previous medication was
available through the electronic patient chart. Patients
completed a paper-based validated Danish translation of
the National Eye Institute Visual Functioning Question-
naire 39 (NEI VFQ-39). Questions were allowed to be
read out and interview guide was followed [10]. Ophthal-
mological examinations included BCVA, slit-lamp bio-
microscopy, indirect dilated fundoscopy, spectral domain
optical coherence tomography (OCT) and fundus auto-
fluorescence image. Optical coherence tomography angi-
ography (OCT-A) was performed in order to rule out
neovascular AMD (Heidelberg Engineering, Heidelberg,
Germany).

Patients were included between April 2021 and Febru-
ary 2022. We included patients with any geographic atro-
phy in either one or both eyes. Exclusions criteria were
(1) sign of current or former neovascular AMD in any
eye; (2) if the patients did not speak or understand Dan-
ish language; (3) vision less than 25 ETDRS letters.

Visual acuity

BCVA was obtained with Early Treatment Diabetic Reti-
nopathy Study (ETDRS) performed by certified vision
examiner in accordance with protocols [11]. VA was
measured one eye at a time, and in the analyses the eye
with best visual acuity was study eye.

Imaging and analysis

All the images with geographic atrophy were evaluated
by a trained doctor using Region Finder software version
2.6.4.0 (Heidelberg Engineering, Heidelberg, Germany).
The doctor manually identified a point within the GA
(pixels seen as dark areas) and increased until threshold
in order to include adjacent pixels, so the GA delineated
from the normal areas. In cases of multifocal lesions, only
lesions >0.05 mm? were included in the total lesion size.
If the geographic lesion were larger than 30° of the retina,
all seen GA was measured. In order to delineate the geo-
graphic lesions from blood vessels and macula pigment,
constraints were manually placed.

Questionnaire

Visual Function Questionnaire (VFQ-39) is used world-
wide and measures vision-related quality-of-life [12]. It
contains 25 items and additionally 14 more items that
are optional. The total score on each item ranges from 0
to 100 (where 100 represents best function). It contains
12 subscales concerning general health, general vision,
ocular pain, near activities, distance activities, social
functioning, mental health, role difficulties, dependency,
driving, color vision, and peripheral vision (Table 1) [13].
The Danish version is validated for patients with AMD,
except the questions regarding ocular pain and periph-
eral vision [10], and therefore questions regarding these
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Table 1 Summary of the subscales of VFQ-39
Subscale Description
Rating of overall health

General health

General vision Rating of binocular corrected vision

Difficulties with reading, doing needlework,
cooking, handiwork, finding certain things on a
crowded shelf due to vision problems

Difficulties with reading traffic signs, going on
stairs in dim light, going to the cinema or sports
events due to vision problems

Difficulties with recognising facial expressions,
going out to social events due to vision problems

Near activities

Distance activities

Social functioning
Mental health Worries about vision, frustrations about vision, loss
of control due to vision problems, afraid of embar-
rassing oneself or others

Limitations in duration of work due to vision
problems, limitations in things wanting to due to
vision problems

Staying home due to vision problems, need a lot
of help from others due to vision problems, not
leaving home alone

Difficulties with driving in familiar places in day-
light, difficulties driving at night, in bad weather,
rush hour or on highway

Difficulties finding or picking out matching clothes

Role difficulties

Dependency

Driving

Color vision

Table 2 Patients characteristics, N=51

Age, mean (SD) 79.3(7.1)
Gender, % Female 63%
Male 37%
Smoking, % Never 45%
Former 51%
Active 4%
Hypertension, % 47%
Hypercholesterolemia, % 16%
Cardiovascular disease, % 35%
Chronic obstructive pulmonary disease, % 14%
Type 2 diabetes, % 8%
BMI, mean (SD) 26 (4)
VA in best seeing eye, mean (SD) 64.0 (18.4)
VA in worst seeing eye, mean (SD) 427 (21.3)
Smallest lesion area, mean (SD) 6.6 (7.9)
Largest lesion area, mean (SD) 9.1 (8.8)

SD: standard deviation, BMI: Body mass index, VA: visual acuity

were excluded from this study. The patients were allowed
to have missing information on some questions, but one
questionnaire was excluded from the analyses since 13
answers were left out.

Data analysis

Descriptive statistics were calculated, and continuous
data were presented as mean and standard deviation,
categorical data is given as percentages. The total score
for each VFQ-39 subscale was calculated, as well as com-
posite score. For each score, we calculated the Spear-
mann’s correlation coefficient with both visual acuity
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in best-seeing eye, and with largest atrophic lesion size.
One-sample T-test was performed comparing the VFQ-
39 in each category to the presence or absence of comor-
bidities. Statistical significance was set at P <0.05.

Results

The study consisted of data from 51 patients (Table 2),
and 45 of the patients had bilateral GA. The mean age
was 79.317.1 years, and a total of 63% of the patients
were female. A total of 51% were former smokers and
4.3% active smokers. In 23 of the 28 cases of active or
former smokers, the patients provided information on
amount and duration of smoking. The mean number of
pack-years was 22.76 (Range 0.6—-66). We found that 47%
were suffering from hypertension, 35% from CVD, 16%
of hypercholesterolemia, and 14% of chronic obstructive
pulmonary disease (COPD). Only four patients (8%) had
type 2 diabetes, and from these two suffered from hyper-
tension. The best-corrected visual acuity letter score
(ETDRS) in the best eye was 64.0+18.4 letters, and small-
est lesion of GA was 6.6+7.9 mm? Figure 1 illustrates
geographic atrophy.

The VFQ measures are shown in Table 3. One patient’s
answers of the questionnaire were excluded due to only
answering 38.2% of the questionnaire. When assessing
the VFQ-39 the subscale scores that were lowest, were
near activities (52.3), general vision (54.4), and mental
health (55.8).

Figure 2 shows the correlation between VFQ-39 and
atrophic lesion size, and the correlation between VFQ-
39 and BCVA. In our study, BCVA showed a larger effect
on QoL than lesion size. When evaluating effect size,
defined by a previous study [14], the correlation between
“near activity” and BCVA showed a moderate effect size,
and lesion size a small effect size, which was the same for
“dependency” and “social function”

Comorbidities and smoking

The presence of CVD was associated with poor BCVA
(mean difference=11.2 letters, 95% CI.0.8-21.7,
p=0.036). Patients with CVD had lower scores concern-
ing “general vision,” “near activities,” and “dependency”
compared to patients without CVD (Fig. 3). COPD was
associated with poor “general health,” but not with other
subscale scores (Fig. 4), and there was no difference in
BCVA for patients with and without COPD (mean differ-
ence=4.2 95% CI:-11.0-19.3, p=0.055). Active smoking
was associated with worse composite score compared to
non or previous smoking, however the number of active
smokers were small (n=2). The result is presented in
Fig. 5.
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Fig. 1 lllustrations of geographic atrophy. Images illustrates left eye of 78-year-old male with geographic atrophy. Infrared image (top left), optic coher-
ence tomography (top right), autofluorescense image (bottom left) and fundus photo (bottom right)

Table 3 Mean VFQ-39 scores

VFQ measures Mean (SD)
Composite score 65.0(18.1)
General Health 67.0(19.7)
General Vision 544 (17.8)
Near Activities 52.3(20.6)
Distance Activities 59.9 (23.7)
Social Function 775 (214)
Mental Health 55.8(24.5)
Role Difficulties 60.9 (25.1)
Dependency 74.4 (25.6)
Color Vision 849 (21.2)

Mean of the subscale scores in VFQ-39 (National Eye Institute Visual Function
Questionnaire) for patients with geographic atrophy in one or both eyes

Discussion
We found that Danish patients with geographic atrophy
(GA) have a low vision-related quality of life and that
BCVA had a slightly stronger correlation to QoL com-
pared to atrophic lesion size. Furthermore we found
that CVD was associated with poor BCVA, “general
vision,” “near activities,” and “dependency” The presence
of COPD was associated with poor “general health” but
not with other subscale scores of the VFQ-39. This might
indicate that different comorbidities can influence dis-
ease severity and self-perceived visual quality of life.

In our study, the mean composite score of VFQ was
65.0, which is comparable with composite scores of

61.7-69.96 estimated by previous studies, respectively [5,
6, 15]. In a previous study including patients with few if
any drusen, their results on the individual subscale scores
were considerably higher compared to ours (e.g. “General
vision”: 83, “Near activities”: 93, “Dependency”: 99). Our
results hereby indicate that GA is reflected in VFQ-39
compared to patients with sparse AMD changes.

When addressing the associations of either BCVA and
VEQ or GA and VFQ a German study also found the
strongest association between BCVA and the compos-
ite score of VFQ-25 [6]. In the Mahalo study, weak cor-
relations were found for both BCVA and GA. However,
in contrast to the present study in the Mahalo study,
the study eye had the poorest visual function [5], which
makes comparisons with our study difficult. Unlike our
results a Spanish study estimated the mean composite
score to be 46.67 and found a stronger association with
lesion size [7]. BVCA in our study was 64 (=0.4 logmar
value), which is comparable with the German study that
estimated the BVCA to be 0.30 for the eye with the best
visual function (logmar value). In our study, the mean of
BCVA for the eye with the worst visual function was 42.7,
which is also comparable with the Mahalo study [5] that
estimated the BCVA to be 48.0. When patients are suffer-
ing from irreversible vision loss, vision rehabilitation can
be useful and help to preserve daily functions of the indi-
vidual affected. It is likely that the possibility to receive
such rehabilitation affects vision-related quality of life
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Fig. 2 Association between vision-related quality of life and atrophic lesion size and visual acuity. Shows the correlation between the different subscale
scores and atrophic lesion and visual acuity
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in Denmark, where the government provides such ser-
vices when VA for the eye with the best visual function
drops below 60 ETDRS letters. It remains unknown how
many of the patients in our study have had vision reha-
bilitation, but vision rehabilitation does not seem to have
influenced our results, since our results are comparable
with foreign studies that do not necessarily have vision
rehabilitation.

We found that CVD was associated with poor BCVA,
and when evaluating the associations between the differ-
ent subscale scores of VFQ-39 and CVD, patients with
CVD had lower scores of “general vision,” “near activi-
ties” and “general health” compared to patients without
CVD. To our knowledge, no other studies have previ-
ously investigated the association between comorbidities,
BCVA, and atrophic lesion size. A previous study that
did not restrict on type of AMD (30.7% with dry AMD)
found that the composite score of VFQ-25 was associ-
ated with hypertension but not with CVD, which they
also investigated for [8]. We did not find any associa-
tion between the composite score and CVD either, but
between certain subscale scores and CVD, and perhaps
we did so due to poor BCVA in patients with CVD.

We found that COPD was only associated with a low
score in “general health” in the VFQ-39 but not with the
other subscale scores, and that may be explained by the
fact that patients with COPD are reported to suffer from
comorbidities and are frequently physically inactive [16].
Interestingly, a previous study found that QoL in patients
with AMD was lower compared to patients with COPD
[17], and thereby it is understandable that our patients
report poor “general health, if they are suffering from
both GA and COPD.

Smoking is a very well known risk factor for AMD [18,
19], but the association between smoking and VFQ-39
in patients with GA has to our knowledge not previously
been studied. In our study active smoking was associ-
ated with a lower mean composite score compared to
non or previous smoking. A previous study did not find
any association between smoking and the composite
score of VFQ-25 [8]. However, unlike our study, they did
not restrict on type of AMD, and it is unknown whether
they stratified in previous and active smoking, moreover
it cannot be ruled out that we observed an association
between current smoking and VFQ-39 due to small num-
bers. Considering that both previous and active smoking
is a risk factor for AMD [19], it is interesting that there
was no statistical difference in the mean of composite
scores between non- or previous smoking.

Limitations in our study include the observational
character of the study and hereby we can only speculate
of causality. Since this was a clinical study our patients
may not represent the general population with GA, and
thereby selection bias cannot be ruled out.
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In conclusion, we found that both atrophic lesion
size and visual acuity affect the quality of life in Dan-
ish patients with GA, who reports an overall poor QoL
reflected in VFQ-39. The presence of CVD seems to have
a negative effect on disease, as well as in several subscale
scores of the VFQ-39, whereas COPD did not affect dis-
ease severity or vision-related subscales in VFQ-39, but
was only reflected in poor “general health”
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