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Abstract

Purpose Patients with age-related macular degener-
ation (ARMD) are required to follow a treatment pro-
tocol that requires regular follow-ups. The COVID-
19 pandemic has created an additional burden for
patients with ARMD under treatment with anti-vas-
cular endothelial growth factor (anti-VEGF) injec-
tions, since patients face a congestion of the health
system and closing of the outpatient services. This
study examines the impact of the uncertainty regard-
ing patients’ treatment on their sense of well-being.
Methods This is a longitudinal cohort study of
eighty patients who were followed during the year
following the outbreak of the COVID pandemic.
Patients reported their sense of well-being with the
WHO-5 questionnaire and their perception and fears
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for the impact of the pandemic on their ongoing
ARMD treatment.

Results There was a significant drop in mental
well-being during the pandemic that paralleled the
self-reported impact of the pandemic on ARMD
treatment. Patients who reported a higher impact
of COVID-19 on their treatment had experienced a
higher drop in mental wellbeing compared to those
who hadn’t, with female gender being an additional
risk factor. Objective measurements of visual acuity
did not factor in the drop of sense of well-being.
Conclusions The high initial level of uncertainty
regarding ARMD patients’ long-term course was fur-
ther exacerbated when exposed to additional uncer-
tainties during the pandemic regarding their standard
of care. Planning ahead for continuation of services
and close contact with patients during similar health
emergencies is of paramount importance.

Keywords ARMD - COVID-19 - Anti-VEGF

Introduction

Age-related macular degeneration (ARMD) is a
degenerative disorder of the macula characterized by
a combination of accumulation of both non-neovas-
cular pathology (drusen and changes of the retinal
pigment epithelium) and neovascular pathology (cho-
roidal neovascular membrane formation). It results in
serious vision impairment characterized by a decline
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in sharp, central vision. This decline affects the clarity
of focus and greatly impacts common tasks of daily
living such as reading and driving. However, ARMD
causes no pain and advances very slowly with patients
noticing little day-to-day change until late in the dis-
ease course, although there are instances with rapid
loss of vision in both eyes. The diagnosis of ARMD
is based on visual dysfunction and characteristic
macular findings [1]. ARMD has been convention-
ally divided into two main types, dry (non-exudative,
non-neovascular) and wet (exudative, neovascular).
Modern treatments for wet ARMD are intravitreal
injections with anti-vascular endothelial growth fac-
tors (anti-VEGF) with a similar effect in improving
vision. Unfortunately, the recurrence rate with vision
loss after treatment is high and a long-term prognosis
is uncertain [2]. Patients are required to keep a sched-
uled program of regular clinical examinations and
subsequent administration of injections, if deemed
appropriate, in order to preserve and improve their
vision, with a possibility for extending the between-
treatment interval should the clinical examination
permits. With elderly patients facing other comorbid
health issues and uncertainties, it is not uncommon
that scheduled appointments are missed. A recent
study on the regularity of follow-ups in 109 patients
with ARMD concluded that 22% of them had at least
one absence of more than 100 days, while only 50%
were always on schedule [3]. The more common rea-
sons given for absences were related to the burden of
comorbid diseases, issues with the clinic or a change
of the attending physician and insurance issues.

The COVID-19 pandemic spread throughout the
world during 2019 showing a higher risk of morbid-
ity and mortality in elderly patients [4], who are also
the most frequently affected by ARMD. It is thus not
surprising that the pandemic has been found to have
a detrimental effect on the course of ARMD patients.
While outpatient care for all ophthalmic disease has
been negatively affected, a recent study showed that
ARMD patients were the most impacted, with a 79%
drop in outpatient visits and a 53.6% drop in received
anti-VEGF injections [5]. The authors speculated
that there would be significant repercussions on the
visual outcome of patients and this hypothesis was
supported by a recent comparative study of ARMD
patients diagnosed during the COVID-19 pan-
demic to patient cohorts from 2018 and 2019; this
study concluded that patients with newly diagnosed
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treatment-naive  exudative neovascular ARMD
referred during the COVID-19 pandemic had worse
clinical characteristics at presentation and short-term
visual outcomes [6]. COVID-19 pandemic-related
postponement in patient care was significantly asso-
ciated with worse short-term outcomes in ARMD
patients in a related study [7].

Methods

Patients were recruited from the outpatient services
of the General Hospital of Serres and they were
required to be diagnosed with wet ARMD and to be
included in a therapeutic protocol with anti-VEGF
intravitreal injections with at least three injections in
the past. The first wave of measurements took place
during June to September 2020, before mass disrup-
tion of health provision due to the second wave of
COVID-19. The follow-up measurements took place
during June to August 2021 following the end of the
third wave of COVID-19 locally. Mean duration of
follow-up period was 12.6 months (SE + 0.3 months)
the institutional ethics’ committee of the General
Hospital of Serres has approved the research and all
procedures adhered to the Declaration of Helsinki.
Exclusion criteria included inability to offer informed
consent and the existence of other comorbid eye
pathology that could affect visual acuity.

A convenience sample of eighty consecutive
patients offered their written informed consent
after being informed on the aims of the study and
concluded the study while five patients who were
approached declined to participate. This included
all patients that were followed in the outpatient ser-
vices. There were no dropouts. A power analysis was
conducted where we assumed a moderate correlation
coefficient r of 0.4 between the difference in well-
being and the impact of COVID-19. This translated to
an effect size (d) equal to 0.645. The required sample
size for a significance level (alpha) equal to 0.05 and
a power index (beta) equal to 0.8 equals 39 patients
(or more) [8]. Post hoc we confirmed the correlation
coefficient as 0.41.

The patients were handed the research material for
completion in paper-pen format. It included a short
demographics questionnaire reporting gender, edu-
cational status and family status, the World Health
Organization Five Well-Being Index (WHO-5) and
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five items on the specific impact of the COVID-19
pandemic on the subject’s regularity of appoint-
ments and subjective fears on the outcome of the
underlying disease (“Appendix 1”). There was an
effort to address other potential reasons for missing
or rescheduling appointments as described above.
The patients were followed in the same clinic by the
same attending physician and the provision of treat-
ment is equal for all patients in the Greek National
Health Service (National Health System—E.S.Y).
The items of the questionnaire were worded to spe-
cifically address COVID-19 related problems with the
appointments.

The WHO-5 is a short, self-report measure of cur-
rent mental wellbeing, with five items measured on
a six-point Likert scale. It has been found to have
adequate validity in screening for depression and
in measuring outcomes in clinical trials, with good
construct validity as a unidimensional scale meas-
uring well-being in both young and elderly popula-
tions [9]. The items on the impact of the pandemic
were answered in simple yes/no format. These were
five items questioning whether the pandemic affected
the regularity of the appointments, whether the treat-
ment protocol was applied as planned and fears that
their vision has worsened or will worsen during the
pandemic and feelings of helplessness related to
their vision. Data were collected in two waves, the
WHO-5 was recorded twice, once in the beginning of
the study and once in the end while the five items on
the impact of the pandemic were recorded only in the
end. Visual acuity was measured in the Early Treat-
ment Diabetic Retinopathy Study (EDTRS) scale
charts. A total result for the five items on the impact
of COVID-19 was computed with each item con-
tributing a single point for a “Yes’ response. All data
were collected in live interviews during a follow-up
in the hospital. Five patients contracted COVID-19 in
between the two waves of measurement but their total
was too low to be accounted for with a separate vari-
able in the analysis. These five patients survived and
kept their scheduled appointments.

All statistical analyses were conducted with the
SPSS statistical package, version 25.

All continuous variables were examined for meet-
ing the normality assumption with the Kolmogo-
rov—Smirnoff test statistic, and a choice between
parametric and nonparametric statistics was made
accordingly. Differences between different levels

of demographic (nominal) variables on the meas-
ured continuous variables (WHO-5 total score and
items related to COVID-19) were assessed with the
Kruskal-Wallis test for non-normally distributed
variables. Differences in normally distributed con-
tinuous variables between the two waves of measure-
ment were assessed with the #-test for paired samples
while differences in non-normally distributed vari-
ables were assessed with the Wilcoxon Signed Ranks
test. Correlations between normally distributed vari-
ables were assessed with the Pearson’s r statistic and
between non-normal variables with the Spearman
rg statistic. A stepwise regression was employed to
assess the more prominent variables in a linear com-
bination to predict the difference in mental wellbeing
(difference in WHO-5 scores) between the two waves
of measurement. An alpha level of 0.05 was accepted
as the threshold for statistical significance. Effect
sizes for the differences were calculated and assessed
according to accepted guidelines [8].

Results

Patients were nearly equally split on gender, 38 were
male (47.5%) and 42 female (52.5%). 25 patients
(32.13%) had primary education, 35 patients (43.8%)
secondary education while 20 patients (25%) had
higher education. Sample demographics and scores
on the measured variables are presented in Table 1.

Five patients contracted COVID-19 in between the
two waves of measurement but their total number was
too low to be accounted for with a separate variable in
the analysis.

Comparative results from the two applications
of the WHO-5 questionnaire showed a significant
decline in all items when comparing results from
2020 to results from 2021, marking a reduced sense
of well-being (Table 2). Effect sizes for the differ-
ences range from 0.5 to 0.7 denoting moderate clini-
cal significance.

There were no differences between patients of
different educational levels with regards to their
decrease in WHO-5 well-being scores between 2020
and 2021 (Kruskal-Wallis H=1.427, d.f=2, p=0.49)
or their scores in the items related to COVID-19
(Kruskal-Wallis H=2.542, d.f=2, p=0.28). Like-
wise, there were no differences between patients of
different family status with regards to their decrease
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Table 1 Sample demographics and results on the measured variables pre- and post-pandemic

Variable
Gender Male 38 (47.5%)
Female 42 (52.5%)
Family status Living alone 21 (26.3%)
Live with partner 31 (38.8%)
Live with children 28 (35%)
Educational status Primary school 25 (22.7%)
High school 35 (31.8%)
Higher education 20 (25%)
Variable Year Mean (SD)
Age 2020 73.87 (6.69)
Visual acuity 2020 0.49 (0.29)
2021 0.52 (0.33)
WHO-5 total score 2020 15.11 (4.07)
2021 12.91 (4.37)
Total score of items on impact of COVID-19 2021 2.287 (1.72)
Table 2 Paired samples comparison on each individual’s responses on the WHO-5 pre- and post-pandemic
WHO-5 item (over the past 2 weeks) Year Mean SD Mean difference  SD of the t P d
mean differ-
ence
I have felt cheerful and in good spirits 2020  3.19 1.020  0.500 0.729 6.133 <0.001 0.685
2021 2.69 0.988
I have felt calm and relaxed 2020 3.14 0.938  0.538 0.745 6.450 <0.001 0.721
2021 2.60 0.949
I have felt active and vigorous 2020 2.90 0.936  0.400 0.722 4.954 <0.001 0.553
2021 2.50 0.968
I woke up feeling fresh and rested 2020 3.08 1.077  0.375 0.582 5.764 <0.001 0.644
2021 2.70 1.107
My daily life has been filled with 2020 2.81 1.032  0.388 0.738 4.698 <0.001 0.525
things that interest me 2021 2.42 1.111
Total 2020 15,112 4.07 22 2.5 7.863 <0.001 0.88
2021 12912 437

(n=280 patients)

in WHO-5 well-being scores between 2020 and
2021 (Kruskal-Wallis H=0.649, d.f=2, p=0.72)
or their scores in the items related to COVID-19
(Kruskal-Wallis H=4.739, d.f=2, p=0.09).

The difference in visual acuity pre and post
COVID-19 did not correlate with the difference in
WHO-5 scores between 2020 and 2021 (Spearman
r,=0.044, p=0.69) or the score of the items related
to COVID-19 (Spearman r,=0.061, p=0.59).
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Responses on the five items related to COVID-
19 were compared according to their mean differ-
ence on WHO-5 total score 2020-2021, in order
to assess whether those patients who reported a
negative impact of the pandemic differed in their
well-being compared to those who weren’t affected
(Table 3). Results indicated that in four out of five
items (with the exception of item 2 ‘Has the protocol
for your treatment been applied as planned?’) those
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Table 3 Comparison of the answers on each item of the COVID-19 impact on the total WHO-5 score

COVID-19 impact Response N Mean on total SD t df P d

WHO-5 score

Has the pandemic affected the regularity of your appoint-  Yes 59 2.559 2.692 2.851 63.272 0.006 0.724
ments? No 21 1.190 1.503

Has the protocol for your treatment been applied as Yes 47 2.319 2.423 0.506 78 0.614 0.115
planned? No 33 2.03 2.639

Do you believe that your vision has worsened during the Yes 36 3.111 2.905 2.970 56.670 0.004 0.667
pandemic? No 44 1454 1.835

Did you fear that your vision may worsen during the Yes 50 2.88 2.73 3.805 77.733 <0.001 0.878
pandemic? No 30 1.066 1.529

Did you feel helpless/despair with regards to your vision Yes 25 4.2 2901 4.681 31.292 <0.001 1.129
problems? No 55 1.29 1.651

patients who reported a negative impact of the pan-
demic had a higher drop in the WHO-5 score than
those who did not report a negative impact. Patients
who believed that their vision had worsened during
the pandemic (item 3) did not actually fare worse in
visual acuity compared to those who believed that it
hadn’t (Mann—Whitney Z=0.412, p=0.68). A step-
wise regression analysis with the mean difference on
WHO-5 total score 2020-21 as the dependent vari-
able included initially gender, age, visual acuity dif-
ference between the two measurements and the total
of the five items on the impact of COVID-19 as the
independent variables. The final model included only
the mean score in the items related to the impact of
COVID-19 and gender as important predictors F (2,
77)=11.695, p <0.001, effect size adjusted ?=0.233
(Table 4). Age and difference in visual acuity were
dropped by the analysis. These results denote those
females who reported a higher impact of COVID-19
on their treatment experience had a higher drop in
mental wellbeing between 2020 and 2021. Objective
measurements of visual acuity did not factor in the

drop of sense of well-being. Table 4 presents param-
eter estimates for all predictor variables.

Discussion

These results indicate that the COVID-19 pandemic
was associated with a significant deterioration in
the mental well-being of ARMD patients undergo-
ing anti-VEGF treatment. Furthermore, this negative
outcome was associated with the treatment setbacks
and health-related stress that the patients experienced,
while controlling for gender effects. These findings
complete the knowledge base on the detrimental
effects of the COVID-19 pandemic on the ARMD
patients, directly linking the subjective perception of
insecurity regarding their treatment to their sense of
well-being.

Living with a chronic health condition during the
pandemic has added challenges compared to the ones
posed by the direct impact on bodily health of the
epidemic itself, as shown in a study in France [10].

Table 4 Parameter

" ) . Unstandardized Standard- t p 95% Confidence interval
estlmat?s for.a stepwise coefficients ized coef- for B
regression with the ficients
difference in mental health S E—
status between 2020 and B Std. error Beta Lower bound Upper bound
3%;;2 the dependent (Constant) 1793 0.873 2054 0.043  0.054 3531
Total impact  —0.602  0.145 —0.415 —4.152 <0.001 -0.891 -0.313
of COVID-
19
Gender 1.170  0.497 0.235 2.354  0.021  0.180 2.161
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Patients who may not face higher odds of dire cir-
cumstances due to their underlying condition itself,
will nonetheless face a congestion of the health sys-
tem and closing of the outpatient services, leading
to prolonged stress which may have lasting conse-
quences on their well-being [11]. ARMD patients
face an uncertain future, since there is no treatment
option that provides a lasting cure. ARMD patients
were found to have less hope for the future and higher
rates of depression compared to age-related cataract
patients with comparable initial loss of eyesight [12].
The high initial level of uncertainty regarding their
long-term course can only be further exacerbated
when exposed to additional uncertainties during the
pandemic. In this study, actual change in visual acuity
did not correlate to the drop in well-being and it did
not correlate to the patient’s own subjective feeling
that his/her vision had worsened. This demonstrates
the significant impact of the perception of health
risk on well-being regardless of the objective nega-
tive outcome of the underlying disease. These results
agree with earlier findings that patient-reported out-
comes in ARMD treatment did not necessarily corre-
late with changes in visual acuity [13].

While the significance of treatment continuity for
the ARMD patients is obvious, there is precious lit-
tle to do in order to improve it during a pandemic. A
recent review on the use of telemedicine in ARMD
and its possible roles in the COVID-19 pandemic
suggested that smartphone fundus photography
images may be sent to a centralized teleophthalmol-
ogy service to increase access and provider flexibil-
ity [14]. However, administering ARMD treatment
invariably requires contact with the patient and this is
a task outside the scope of telemedicine. Nonetheless,
telemedicine may be employed in providing a com-
plete general health status check immediately before a
scheduled appointment so as to minimize chances for
exposure to infection.

Invariably, compromises between an optimum level
of care and patient and provider safety need to be deter-
mined beforehand. Sim et al. [15] have detailed an
implemented treatment strategy in China designed to
minimize contact time with patients and congestion of
services, with a downside for stable patients who will
not have their treatment intervals extended depending
on their course. This choice was also reported in a study
by Colantuano et al. in France [16]. A naturalistic study
on the effect of temporary treatment extension to reduce
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the number of visits during the COVID-19 pandemic
found a significant short-term risk to vision when
retreatment interval was extended beyond 12 weeks
[17], hence clinicians may be forced to prioritize access
to treatment with this time limit.

A limitation of this study is the convenience sample;
however, it included the vast majority of the patients
that were followed in the department and there was no
reason to assume that it differed in a non-random man-
ner from the population of patients at large. All mate-
rial was filled-in during the follow-up which ensured
validity but could have perceivably made the patients
more reluctant to come forward with more severe com-
plaints or feelings of distress. However, the relation-
ship between the patient and his/her ophthalmologist is
a long-term one in this particular disease and method
of treatment, so there is no reason to assume that the
patients would be less forthcoming. A further limitation
is the lack of a comparable control group since the pan-
demic affected all patients equal, and it is impossible to
ascertain the degree to which the decline in visual acu-
ity can be conclusively linked to an effect of the pan-
demic, while there are no relevant published data from
Greece. However, our results with regards to the pro-
gression of the disease were empirically comparable to
previous experience.

In conclusion, planning ahead for continuation
of ARMD treatment services and close contact with
patients during similar health emergencies is of para-
mount importance for the well-being of the patient. A
clear pathway for patients may alleviate their fears and
subjective sense of disease.
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Appendix 1

See Table 5.
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Table 5 Items on the
impact of the pandemic

RAEEER S

Has the pandemic affected the regularity of your appointments?

Has the protocol for your treatment been applied as planned?

Do you believe that your vision has worsened during the pandemic?

Did you fear that your vision may worsen during the pandemic?

Did you feel helpless/despair with regards to your vision problems?
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