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Purpose: To quantify the burden and quality of life of patients and their caregivers in a cohort
of patients with neovascular age-related macular degeneration (nAMD) in an Australian clinical
setting.

Methods: A total of 103 patients undergoing anti-vascular endothelial growth factor (VEGF)
therapy for nAMD were asked to complete questionnaires relating to the financial and time
burdens of nAMD.

Results: All patients completed the questionnaires. Loss in productivity due to attendance of
appointments was 4.4+1.7 hours per month, with additional time lost by caregivers. Financial
strain was incurred by direct medical costs associated with intravitreal assessment and injections
at an average of AU$199.2£$83.1 per month. Indirect costs incurred averaged $64.8+£$79.7 per
month. Qualitative indirect costs due to loss of productivity for the patient, unpaid caregivers,
and loss of productivity due to premature mortality were also a considerable burden. Overall
mean Visual Function Questionnaire and EuroQol 5D-3L scores were correlated with visual
acuity and demonstrated patients’ subjective decline in quality of vision.

Conclusion: Management of nAMD carries a substantial burden on patients and caregivers.
These results provide important information in understanding the effect of anti-VEGF therapy
among patients with nAMD. Together with the quality-of-life burden on the patients, the
management of nAMD has a significant societal impact.

Keywords: burden, treatment, anti-VEGF, age-related macular degeneration, Australia, patient
perspective

Introduction

Age-related macular degeneration (AMD) is the leading cause of visual impairment among
Australians aged >60 years.! As of 2000, there were an estimated 23,000 Australians
classified as blind from AMD according to the Blue Mountains Eye Study.! The
current prevalence of early AMD and intermediate AMD is 14.8% and 10.5% among
Australians.? The disease is classified into two subtypes: neovascular and dry AMD.
Dry AMD in its early stage is characterized by Drusen and pigment changes, having
only minimal affects on vision. The latter stages include progression to geographic
atrophy, leading to severe vision impairment and neovascular AMD (nAMD). nAMD
is characterized by the presence of choroidal neovascularization and accounts for 90%
of cases of severe vision impairment.> Consequently, this results in a loss of central
vision, visual distortion, and a loss of contrast and intensity of colors.* These patients are
likely to suffer from depression as a result of isolating themselves and disengaging from
previously enjoyed activities and an increased need for care.>” A study conducted in the
UK reported a 43% prevalence of clinically significant depressive symptoms in 43%
of those seeking help for low vision.® Furthermore, the effect of nAMD results in poor
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mobility and limitations in daily activities as a consequence of
loss of vision. nAMD has also been shown to have emotional
and physical effects on caregivers, with many reporting feel-
ings of sadness and uselessness.*” These impairments may
adversely reduce quality of life (QoL) as a result of not being
able to engage in everyday activities.'

Treatment is available for nAMD in the form of ongoing
intravitreal injections of anti-VEGF agents, which can
prevent severe vision loss.!!"'? However, an important aspect
is the patient’s own opinion on the need for treatment and the
burden of treatment with monthly or bimonthly intravitreal
injections.!! In cancer research, it has been well documented
that some older persons decline treatment due to the perceived
gain in life expectancy, which does not outweigh the loss in
QoL." Due to the increasing elderly population, evidence on
the burden of AMD on the global health system is becoming
increasingly important, as there are now proven therapies to
treat visual impairment effectively or slow its progression.'
As such, resource allocation for the treatment and monitoring
of potentially blinding conditions has expanded."

Additionally, caregivers report that time taken off work
for caregiving is costly and meant that they were unable to
meet their personal and employment obligations.'® Recent
advances in anti-VEGF therapy for nAMD treatment
have aimed to reduce the treatment burden of disease and
enable patients to improve their QoL by reducing treatment
frequency. The burden on patients has been extensively
researched, documenting the significant magnitude of
medical and nonmedical costs among nAMD patients.!"!®
However, the precise costs that anti-VEGF therapies impose
on caregivers remain poorly defined.

The purpose of this study was to investigate the burdens
associated with AMD treatment on patients and their
caregivers, and to quantify the burden of AMD on vision-
related QoL.! This information is important in managing
patients, ensuring their QoL and independence is maintained.
Furthermore, data relating to the impact on caregivers will
help in understanding the support required from caregivers
in assisting them in their role.

Methods

Study design and sample

A total of 103 consecutive patients with wet nAMD were
recruited at a tertiary referral center to complete a survey
over a 2-week period. The questionnaire was adminis-
tered by a single interviewer face to face with the patient
and carer (if applicable). In total, 103 participants were
recruited into a cross-sectional, noninterventional study,
with one patient declining to participate. Participants were

required to be aged =50 years, currently receiving anti-
VEGEF injections for the treatment of nAMD, and have a
best-corrected visual acuity (BCVA) letter score of 25-70
ETDRS, Early Treatment Diabetic Retinopathy Study letters
(Snellen equivalent 0f 20/30 to 20/320). BCVA is performed
at every clinical visit using a standard Snellen chart at 6 m.
Patients with an acute illness or cognitive or other impair-
ment were eligible if a caregiver was able to assist them
in completing details required in the study material. The
Karnofsky performance score was used to assess patients’
ability to function, with a score =60 deemed sufficient to be
included in the survey.?’ A caregiver was defined as someone
that was providing assistance and support with everyday
activities, free of charge without being a professional, or
being part of a social support network.

Ethical approval from the University of Sydney local
ethics committee was obtained and the study adhered to the
tenets of the Declaration of Helsinki. Prior to the commence-
ment of the study, written informed consent was obtained
from participants. Demographic information was gathered
from all participants to ensure that a broad selection of
participants of various ages, anti-VEGF treatment regimens,
and disease severity were included in the study.

Questionnaires
Participants were asked details of potential burdens suffered
over the preceding 3-month period. This encompassed the
number of visits, financial expenses related to their eye
care and vision, as well as time, details of expenditure,
who incurred the direct cost, and whether the costs were
subsidized, and if so the amount and type of reimbursement
received (Supplementary material). Additionally, the time
spent on activities of daily living by caregivers was also
gathered by the interviewer, such as household chores,
administrative tasks, and leisure activities. Patient data, such
as visual VA, previous treatment, and comorbidities, were
transferred from the patient records to the questionnaire.

All participants completed the EuroQol (EQ) 5D-3L
questionnaire to provide additional information on their
health-related QoL status and to note if there was a correlation
between the results on these questionnaires and the severity
of diagnosis of nAMD. We based severity of nAMD on VA
according to the ICD10 revision, Australian modification:
low vision, VA =35 (=6/60) and <60 letters (<6/18);
reduced vision, VA =60 (=6/18) and <70 letters (<6/12);
mildly reduced vision to the Australian legal driving limit,
VA =70, and <85 letters (=6/12 and <6/6).

The EQ 5D-3L is a self-reporting questionnaire. It con-
sists of five health-rated aspects, each with three levels of
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severity (no problems, some problems, or a lot of problems).
The health aspects refer to mobility, self-care, usual activities,
pain, discomfort, anxiety, and depression. An index utility
score can be derived from the responses, ranging from —0.59
for the worst possible health state to 1.00 for perfect health.?!
A visual analogue scale is also included for individuals to rate
their current health state on a scale ranging between 0 (worst
health imaginable) and 100 (best health imaginable).?

Participants also completed the National Eye Institute
(NEI) Visual Function Questionnaire (VFQ) 25 interviewer-
administered questionnaire. The NEI VFQ25 is specifically
designed to assess vision-specific function and health-related
QoL. It is an interview-administered subjective measure
comprising 25 questions querying patient difficulties in
performing daily activities, such as reading newspaper print
and driving a car with best-corrected level of vision with
glasses or contact lenses.” In addition, the questionnaire
assesses an individual’s general health, mental health, social
functioning, and visual information relating to ocular pain,
color vision, and peripheral vision.?*

Data management

Financial data collected were calculated in Australian dol-
lars. The burden on caregivers was calculated based on
time spent (in hours), time lost from leisure activities, or
time taken off from work to assist the patient with the treat-
ment of nAMD. Direct costs were defined as medical and
medication costs during the 3-month period. These included
consultations, intravitreal injection treatment, individual
health services, copayments, vitamin supplements, and cost
of visual aids. For each participant, inpatient, outpatient,
prescription, and supplement costs were calculated. Indirect
costs are an important part of the overall cost of nAMD
to a patient and their caregiver. Indirect costs are usually
made up of costs related to transport getting to appoint-
ments, parking fees, loss of productivity for the patient,
unpaid caregiver assistance, and loss of productivity due to
premature mortality.

Statistical analysis

Data were analyzed using SPSS version 24.0. Demographic
and VA characteristics for patients were summarized with
descriptive statistics. NEI VFQ25 subscale scores were
computed according to published algorithms.?* Values
ranged from 0 to 100, with higher scores indicating better
visual function and well-being, and are expressed as
means = SD. Correlations between variables were assessed
with Spearman’s p to determine if level of vision impacted
upon QoL variables. Internal consistency and reliability were

assessed with Cronbach’s ¢ for the eight multi-item subscales
of'the NEI VFQ25. Linear regression was used to assess the
effects of age, injections, and BCVA on mean VFQ score.
A 95% CI with 5% level of significance was adopted, and
thus P<<0.05 was considered statistically significant.

Results

All patients were recruited from a private tertiary referral cen-
ter, located in a metropolitan city center accessible by public
transport network. The average age of the 103 participants
was 81.418.9 years, with a slight predominance of females
(52%). Baseline characteristics are shown in Table 1. The
mean time of treatment was 12—-149 months, and mean
number of previous intravitreal injections administered was
53.5£32.9. Twelve (11.5%) participants received solely
ranibizumab, nine (8.7%) patients solely aflibercept, and
the remaining 83 (79.8%) were initially treated with ranibi-
zumab and subsequently switched to aflibercept during the
course of their treatment. The mean time interval between
injections was 7.610.8 weeks. Caregivers included children
(41%), spouses (44%), and friends (15%). A total of 26
(25%) patients were diagnosed with nAMD in both eyes.
Approximately 24 (23%) patients had severe vision loss at the
time of survey administration (BCVA <20/200), 51 (49%)
were pensioners, and 53 (51%) nonpensioners. In Australia,
apensioner is classified as a person aged >65.5 years, with a
single home-owning pensioner with assets worth <$250,000
eligible for a full pension of $907.60 per week and a home-
owning couple with assets <$375,000 eligible for the full
pension of $684.10 each per week.

Table | Demographics of patients and caregivers

Mean + SD Range
Patients, n 103
Age, years 81.418.9 54.0-96.0
Male, n (%) 51 (48)
BCVA, ETDRS letters 60.7£17.5 20.0-85.0
CRT, um 320.6+173.6 210.0-1,016.0
Duration of treatment (months) 70.2+41.5 12.0-149.0
Previous injections, n 53.5+32.9 5.0—-136.0
n %
Caregivers
Retired 27 26
Employed 66 64
Housewife/man 10 10
Relationship to patient
Spouse 44 44
Child 43 41
Others 16 15

Abbreviations: BCVA, best-corrected visual acuity; CRT, central retinal thickness;
ETDRS, Early Treatment Diabetic Retinopathy Study.
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Financial and time burdens

Funding of the health system in Australia is a combination
of government funding and private health insurance.
Government funding is through the Medicare scheme, which
subsidizes out-of-hospital medical treatment and funds free
universal access to in-hospital treatment within a public
hospital. Most patients had private health insurance (93%),
and the remaining patients were self-funded (7%), with
both groups eligible for the Medicare subsidy. The greatest
financial burden incurred was direct medical costs (medical
treatment and medication). For this purpose, patients spent
on average $299.24$83.10 a month and had a minimum
cost of $20 and a maximum of $620 per month. These costs
excluded the Medicare rebate of $36.55 for the doctor’s
consultation fee, which includes specialist assessment and
advice. For those patients undergoing intravitreal therapy
on an outpatient-clinic basis, Medicare provided a rebate of
$255.65 for the procedure.

Ranibizumab and aflibercept are subsidized by the
government on the national Pharmaceutical Benefits Scheme
and provided to the patient at a cost of $38.80 ($6.80 for
pensioners), with the government absorbing $1,100 of
the cost per injection. Dietary antioxidants also form an
important part of the treatment of those with AMD. Although
evidence shows it is effective in those with intermediate
AMD only,» 37.5% of patients stated that they took an
Age-Related Eye Disease Study formulation macular dietary
supplement at a cost of $28.10+£$4.80 per month. Indirect
medical costs (travel costs, parking fees) amounted to an
average of $64.80+$79.70 per month. Several caregivers
indicated indirect costs due to lost productivity in the work-
place, having to take considerable time off work in order to
bring the patient in for monthly appointments and injections.
Carers were typically a family member or friend, with some
living in the same household as the patient.

The most significant barriers to treatment adherence
identified were the frequency and travel times associated with
intravitreal injections. Many patients acknowledged the high
number of other medical appointments they must manage due
to other comorbidities related to aging. The most common
comorbidities were hypertension (n=76, 74%), osteoarthritis
(n=37, 36%), and depression (n=16, 16%). Total appoint-
ments/injections within a 12-month period were 10.4%0.8,
and the mean travel time for ophthalmic appointments was
1.2+0.7 hours in each direction.

The loss of productivity of the patient amounted to
4.4+1.7 hours per visit, amounting to a cost of $186.30+$71.90
among those still working. Furthermore, patients may need

up to a day of recovery after an intravitreal injection, which
results in further work-time loss among employed patients,
as well as careers, who patients rely heavily on to get them
to and from injection appointments. The caregivers reported
the time they spent accompanying the patient to their medical
appointments specifically for intravitreal injections took an
average of 6.241.1 hours per month, which equates to a loss
0f $262.45+$46.60 in income based on the national average
hourly wage.?* Additionally, caregivers reported the time
given to various activities in the daily life of the patient. This
included time spent on household assistance and such tasks
as grocery shopping, amounting to 4.313.2 hours per week
ora cost of $782.10£8$135.50 per week. Table 2 summarizes
direct and indirect medical costs.

QolL

Mean visual QoL assessed with the NEI VFQ25, was
64.8+£19.7. Table 3 shows scoring of the VFQ25 subscales
in these patients. Scores among normal healthy controls have
been shown to be around 80-90. Subscales that exhibited
the lowest scores were general health (48.8+£33.9), distance
activities (51.7£25.5), and general vision (57.01£20.8). In
contrast, near activities (82.5+21.6), vision-related depen-
dency (80.0+25.1), and peripheral vision (75.84£28.9) were
only slightly affected. Some of the subscales, in particular
near activities, role difficulties, and dependence, had large
ceiling effects where a substantial percentage of subjects
(50%) had the highest possible score (100), and few had the
lowest subscale score of 0. Subscale internal consistency
estimates measured by Cronbach’s « ranged from 0.53 to
0.95. Five of the eight subscales with Cronbach’s =0.70
demonstrated strong internal consistency and reliability

Table 2 Direct and indirect medical costs

Mean + SD
Direct medical costs
Number of visits per year 10.4+0.8
Monthly costs, AU$ 232.0+130.1
Medications/vitamins, AU$ 51.10£29.30
Assessment and intravitreal procedure, AU$ 199.20+83.10
Other treatment and consultations, AU$ 120.00+154.60

Annual mean cost, AU$ 2,784.00+1,560.20

Indirect medical costs

Travel and parking costs, AU$ 64.80+79.70
Time spent per visit, hours 4.4+1.7
Travel time per visit, hours 2.4+1.6
Caregiver time spent accompanying patient 6.2%1.1

to appointment, hours

Hours per week needing assistance 43132

Annual mean cost of caregivers, AU$ 5,333.58+2,184.20
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Table 3 NEI VFQ25 scores

Questions Score Median | IQR | Cronbach’s
(mean £ SD) a?
General health 48.8+33.9 50 250 | NA
General vision 57.0+20.8 60 55.0 | NA
Ocular pain 57.5+£28.9 62.5 344 |0.89
Near activities 82.5+21.6 93.8 75.0 | 0.86
Distance activities | 51.7£25.5 41.7 333 | 0.62
Social functioning | 57.9+25.9 542 41.7 | 0.95
Mental health 68.8£24.2 75.0 50.0 | 0.53
Role difficulties 75.0+£32.2 87.5 50.0 | 0.92
Dependency 80.0+25. 1 100 50.0 | 0.89
Driving 58.9+42.2 583 50.0 | 0.53
Color vision 60.6+26.7 62.5 50.0 | NA
Peripheral vision 75.8+28.9 833 583 | NA
Overall score 65.7+21.5 66.8 52.8 | 0.56

Note: *Cronbach’s ¢ can be calculated only for multi-item scales.
Abbreviations: NEI VFQ, National Eye Institute Visual Function Questionnaire;
NA, not applicable.

within this cohort of patients with nAMD. Males had slightly
higher mean overall VFQ scores (66.317.1) than females
(64.64.5, P=0.06).

Mean QoL assessed by the EQ 5D-3L was 0.6+£0.3 and
EQ visual analogue scale was 73.1+21.9. There was little
difference in scores between males and females (0.6+0.3 and
0.620.2, respectively; P=0.52) or median age (P=0.74). Cor-
relations between VFQ subscores and BCVA ranged from 0.3
to 0.7, excluding those for general vision, social functioning,
dependence, and role difficulties, which were negligible
(<<0.1). Those with the highest correlation with BCVA were
general health (R=0.74), near activities (R=0.52), and color
vision (R=0.84).

Correlations between duration of treatment and overall
mean VFQ and EQ 5D scores were 0.8 and 0.7 respectively.
Duration of treatment was correlated with vision (R*=0.8),
while CMT was negligible (R?=0.2). Correlations between
VFQ subscores and cost of treatment ranged from 0.2 to 0.9.
The highest correlations with cost were driving (R=0.97) and
mental health (R=0.81). All other subscales were negligible.
Table 4 demonstrates direct and indirect medical costs per
month by VA subanalyses.

Table 4 Direct and indirect medical costs per month by visual
acuity subgroups

Visual acuity | Direct costs (AUS$) Indirect
costs (AUS$)
Injection costs Medications | Transport
=70 letters 186.0+22.2 58.9+194 88.9+87.1
60-70 letters 215.0£19.7 78.2+54.7 44.7+44.5
=60 letters 178.0£35.5 62.9+57.3 85.3+96.7

Univariate analyses of overall mean VFQ scores were
associated with BCVA (P=0.05) and total overall costs
(P=0.01). Multivariate regression analysis demonstrated
BCVA was a significant predictor of mean VFQ score
(P=0.05) after adjustment for possible confounders of total
number of injections administered (P=0.07), age (P=0.08),
duration of treatment (P=0.08), and direct medical costs
(P=0.04).

Discussion

The findings highlight the importance of the social and
economic burden among patients with nAMD and their
caregivers. According to the Australian Institute of Health
and Welfare (2014) AMD accounts for 5% of disabling
conditions.?” Vision loss associated with AMD in Australia is
estimated to be ata cost of $5.15 billion per year.?® The advent
of anti-VEGF therapy has brought with it a higher financial
burden of treatment. Upon introduction in the USA, the
Medicare payments more than doubled from 1994 to 2006,
with the annual direct cost estimated to be US$5.75 billion
per year,” with similar findings in the UK." In addition to
direct and indirect medical costs, vision loss has a significant
impact on productivity and patient QoL.

When ranibizumab was added to the Australian
Pharmaceutical Benefits Scheme in 2007, it was estimated to
cost between $15,000 and $45,000 per extra quality-adjusted
life-year.?® However, direct health expenditure for AMD is
only one component of the costs of AMD. The economic
burden extends to personal expenses incurred by the patient,
such as those arising from the need for mobility, low-vision
aids, and modifications within the home. Cruess et al
estimated productivity loss, aids and home modifications, and
the value of lost well-being to be $4.4 billion, $305 million,
and $11.7 billion, respectively, among patients with vision
loss in Canada in 2007, with the indirect cost per patient
being $19,370 annually.’® This imposes a significant
financial burden not only to the patient but also among the
wider community.

Furthermore, AMD has a significant impact on the social
and economic participation of patients in society, eg, their
ability to work and engage socially.?®*! This burden extends
to social welfare systems, community services, carers, and
patients’ families, who for instance may need to take time
off work to take them to appointments.'®?’ Although the
VFQ-subscale score for dependency was relatively high
(80.0£25.1), scores for driving and social functioning were
considerably lower (58.9+42.2 and 57.9+25.7, respectively),
indicating some patients may underestimate their dependence
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on others and community services. In a study by Hong et al,
the incidence of persons with visual impairment taking up
community support services over a 5- to 15-year period was
41.7%, increasing to 61.9% with reliance on family members
and friends.*

Questionnaire responses indicated that participants con-
sidered the cost of treatment a significant burden, as well as
the time spent at each of the many needed monthly appoint-
ments. The relatively low VFQ scores may be representative
of the profound impact of AMD on these patients’ subjective
appraisal of their condition. The multivariate regression
analysis revealed that lower VA, longer duration of treatment,
and older age were indicators of lower VFQ scores. Gohil
et al*® also found that the level of burden reported by patients
resulted from a combination of advanced age, greater visual
impairment, and thus the type of assistance they required.

Furthermore, the results indicated that loss of caregiver
time for bringing participants into appointments every
4-6 weeks was a significant burden. While the carers were
not paid for providing support and assistance, it can be
stated that this assistance is not free in an economic sense.
Some caregivers stated that it meant a day’s wages were
lost, in addition to the extra responsibility taken to care for
the participants with their daily activities. Time spent caring
involves sacrificing time that could have been spent on paid
work or leisure activities. As such, this support and carer assis-
tance can be valued as the opportunity cost associated with
the loss of economic resources and loss in leisure time valued
by the carer, which are among similar findings in cohorts in
Japan, the USA, and other Australian centers.!%!7!

Among participants who scored highly on anxiety
and depression assessed with the EQ 5D-3L, the largest
concern related to the participant’s health and well-being.
Patient compliance and continuance represent a significant
burden on the patient and wider community, as is the issue
in the treatment of many chronic diseases.** Compliance
and persistence with monthly anti-VEGF treatment can be
specifically challenging, with compliance rates in the VIEW
trials being 91% at month 12 and dropping substantially
to 83% by month 24.% Ceasing treatment for as little
as 3 months can be detrimental in terms of maintaining
vision, with a high risk of recurrence if treatment has been
discontinued for 3 months.*

The main limitation of our study is the relatively small
sample and specificity to our clinic, and it did not incorporate
a wider range of patients from different ethnicities and
centers. It is, however, important to emphasize that these
patients received anti-VEGF treatment for AMD in a

real-world clinical setting in Australia, where it is a common
treatment option. The VFQ25 analysis was carried out using
standard methods described by the NEL?* A more appropriate
method would be to use Rasch analysis, which eliminates
floor and ceiling effects.’” Further limitations include the
bias of subjective self-reported outcomes and recall bias,
as patients may not remember direct personal costs after
any subsidies. A larger sample could lead to more precise
representations of the general population.

Conclusion

Management of nAMD carries a substantial burden to
patients and their caregivers. These results provide important
information in understanding the effect of anti-VEGF therapy
among patients with nAMD. Together with the QoL burden
on patients, the management of nAMD has a significant
societal impact.
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Supplementary material
Patient name: Carer name:
Patient’s date of birth: (if applicable)

Modified low-vision-costs record: instructions

Things to record

In this record, “personal cost” means the costs TO YOU, NOT the total cost before you received the subsidy or discount.
“Subsidy” refers to the government subsidy, such as when a healthcare card is used or a half-price taxi voucher, travel pass,
or concession for public transport.

In the record, please fill in anything that is related to your vision impairment ONLY. This may include:
1. Medicines, eye-care products, and equipment you buy or hire

Health and community services you use related to your sight

Informal care you receive from your family, friends, or relatives due to your vision impairment
Travel costs associated with caring for your eyes

we v

All other expenditure you feel you have to spend that people with normal vision do not need to spend.

Costs associated with vision problems for patients and their carers

Amount ($) | Time spent Details of Who bore the cost? Subsidy (y/n)
(hours, minutes) | expenditure (patient, carer, relative, etc) | (If yes, please specify amount and type)

Do you live at home or retirement village or other?

Do you live alone/with partner/with children/carer?

Do you come to appointments alone? Or with someone? Who?

How do you get to appointments? Taxi/drive/public transport/with carer?

Do you take vitamin supplements for your macular degeneration?
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