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BACKGROUND: The NHS has committed to achieving net-zero carbon emissions by 2045. Dry eye disease, a chronic condition
affecting approximately 29.5% of the global population, poses a significant challenge due to its environmentally harmful care
pathway, which also exacerbates the condition. This research article presents a multi-centre cross-sectional survey of patients with
severe dry eye disease to examine the pollution and emissions associated with the NHS dry eye disease care pathway. The aim is to
identify target areas where innovation can aid the NHS in reaching its net-zero goal.

METHODS: Ninety-two patients participated in semi-structured interviews at four tertiary care centres in the United Kingdom.
RESULTS: Medication packaging disposal was reported as follows: 36% of patients disposed of everything in household waste,
13% recycled everything, and 51% used a mixture of both. Only 7% of patients reported that medication packaging had clear
recycling instructions, 23% reported no instructions, and 71% had not noticed. Patients attended a median of 3 (range; 1, 15)
hospital appointments per year, with 62% traveling by car and a median return journey time of 100 (8, 300) minutes. When asked if
having dry eye disease significantly increased their carbon footprint, 32% agreed, 32% were unsure, and 37% disagreed. The
predominant suggestion for reducing environmental harm was “environmentally friendly packaging.”

CONCLUSION: This research highlights the need for more sustainable packaging solutions, including clearer recycling instructions,
and explores issues related to avoidable travel and insufficient education. By addressing these areas, the NHS can make significant

progress towards achieving its net-zero emissions goal.
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INTRODUCTION

The destructive effects of climate change on human health and
wellbeing are indisputable [1]. However, at the United Nations’
climate change conference (COP28) in Dubai which concluded in
December 2023, commitments to phase out fossil fuels were
insufficient to avoid forecasts of dangerous global temperature
rise [2]. It is now more important than ever for public and private
sector organisations to initiate reductions in their Carbon
footprint. The NHS is the largest employer in Europe, and in
October 2020, it became the first national health system to
establish a strategy for net-zero Carbon emissions [3]. To achieve
the target of net-zero by 2045, each service within the NHS must
analyse its Carbon footprint and highlight routes for improving
environmental sustainability. The Royal College of Ophthalmolo-
gists have assembled a net-zero working group to help promote
best practices and make eye care more environmentally sustain-
able [4]. Existing literature has examined the carbon emissions
associated with surgical procedures [5-18]. For example, a
scoping review by Buchan et al. highlights the variability between
countries [5]. A cataract procedure in a UK hospital, for instance,

produces over 20 times the greenhouse gas emissions of the
same procedure in an Indian hospital [6]. Moreover, Sherry et al.
have published a review article offering guidance for ophthal-
mologists on how to decarbonize eye care [19]. Despite these
efforts, there is a notable gap in the literature concerning the
relationship between medically treated eye conditions and
environmental welfare. Even more concerning is the absence of
studies exploring patients’ perspectives on the environmental
impact of eye diseases.

Dry eye disease is a highly prevalent illness shown to affect
between 5% and 50% of the adult population worldwide [20].
According to a Bayesian estimation, the global prevalence of dry
eye disease that meets the Tear Film and Ocular Surface Society’s
Dry Eye Workshop (TFOS DEWS II) diagnostic criteria is 29.5% [21].
Current prevalence is perhaps even higher as excessive screen
use, general ageing of the population and increased air pollution
are known drivers of incidence. The TFOS Lifestyle Report offers
comprehensive evidence that environmental damage exacerbates
dry eye disease, through climate factors, pollutants and allergens,
contributing to a vicious cycle (Fig. 1) [22].
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Dry eye disease is characterised by a loss of homeostasis of the
eye’s tear film, resulting in inflammation and corneal damage.
Ordinarily, dry eye disease patients first present to primary care
where treatment for mild-moderate symptoms involves lifestyle
advice, lid hygiene, warm compress, artificial tears and topical
lubricants [23]. The eye drops dispensed in primary care lack the
lubricant or nutrient properties of natural tears and so provide
only transient support for the malfunctioning tear-film [24]. This
means symptom relief is short-lived and frequent application of
drops is necessary. Patients with moderate-to-severe dry eye
disease require referral to secondary care where medications such
as antibiotics, corticosteroids, secretagogues or immunomodula-
tory drugs may be initiated [25]. The systemic side effects of these
medications are important to acknowledge. Referral to secondary
care also might lead to employment of devices such as punctal
plugs, therapeutic contact lenses and moisture chamber devices
[26]. However, these interventions are limited by patient
tolerability and increased risk of infections. In severe dry eye
disease, ophthalmologists may instead recommend advanced
biomimetic therapies, such as serum eye drops. Serum eye drops
are derived from the patient’s own blood (autologous) or donor-
blood (allogenic), and in the UK are supplied as an unlicensed
medication by NHS Blood and Transplant (NHSBT) [27]. Despite
the advantageous biochemical properties of serum eye drops,
frequent application of them is still necessary due to their short
lasting relief of symptoms. Surgical procedures such as punctal
occlusion, tarsorrhaphy, amniotic membrane graft, and salivary
gland transplantation are reserved for the most severe cases only
[27].

This dry eye disease care pathway is not only burdensome for
patients and the NHS but also for the environment. A consider-
able number of patients have lifelong dependence on eye drops;
the packaging of which generates enormous amounts of non-
recyclable waste. Further environmental damage is caused by the
inefficient supply chains of medications and repeated face-to-face
outpatient appointments. A recent review has mapped the dry
eye disease care pathway to environmental impact and modelled
areas in which reduced emissions and pollution could be targeted
[28]. Nevertheless, it is critically important to ascertain the
perspective of patients to fully appreciate this issue. We describe
the results of a cross-sectional survey, designed to gather UK wide
patient perspectives on the management of severe ocular surface
disease using semi-structured interviews and interrogating
whether decarbonising strategies and achieving net-zero is a
priority in recipients of dry eye healthcare.

MATERIALS AND METHODS

This multi-centre cross-sectional survey was performed across four tertiary
care centres in the United Kingdom: the Birmingham and Midland Eye
Centre, St Paul’s Eye Unit in Liverpool, Tennent Institute of Ophthalmol-
ogy in Glasgow and Moorfields Eye Hospital in London. Semi-structured
interview questions were initially formulated by the investigators and
subsequently refined through input from a small patient involvement
group. These questions were then tested on six patients, and further
adjustments were made based on the feedback from these tests before
finalisation. Ethical approval was gained via institutional panel review of
the semi-structured interviews at each site; Clinical Effectiveness
Programmes were registered at all sites across England (registration
numbers: 2199 for Birmingham, 12349 for Liverpool, and 1204 for London)
and Caldicott Guardian Approval was obtained at the site in Scotland
(granted 10" May 2023). Informed consent was obtained from all patients
prior to interview.

Data collection

Patients with severe dry eye disease (see Supplementary Appendix 1 for detailed
inclusion criteria) participated in semi-structured interviews to derive qualitative
and quantitative insight to the patients’ perceptions of dry eye management
waste production and environmental damage (see Supplementary Appendix 2
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for semi-structured interview format). Patients were excluded from the study if
they were not fluent in speaking English. Any gaps in knowledge were filled by
accessing patients’ electronic health records. Interviews were conducted in
person and remotely via telephone. Data were curated in REDCap®, a browser-
based, metadata-driven EDC software and workflow methodology for
managing online surveys and databases. The Ministry of Housing, Communities
& Local Government'’s English indices of deprivation 2019 online tool was used
to gather the average indices of multiple deprivation decile from each
participant’s postcode in England [29]. For patients residing in Scotland,
interviewers were asked to record equivalent NHS Scotland data using the
Scottish Index of Multiple Deprivation 2020 online tool to determine indices of
multiple deprivation decile [30].

Statistical analysis

Multi-site data was analysed using SPSS Statistics Version 29.0 (IBM, USA).
Quantitative data was analysed using descriptive statistics and endpoints are
presented as median and range (minimum, maximum). In keeping with
recommendations from Nowell et al, qualitative data underwent thematic
analysis involving six steps: data familiarisation, initial code generation, searching
for themes, reviewing themes, defining and naming themes, and producing the
report [31]. Creation of qualitative themes was through inductive reasoning and
allocation of responses was done by deducing subtext. SPSS Statistics Version
29.0 (IBM, USA) was utilised in all aspects of data analysis.

RESULTS

Patient characteristics

Ninety-two patients were interviewed across all centres. The
median age of all patients’ participants was 64 (range; 25, 87) with
a male-to-female ratio of 21.7-78.3%, respectively. As indices of
multiple deprivation, scores can range from 1 to 10 in England
and 1 to 5 in Scotland, residencies that scored 1, fall within the
most deprived 10% in England and the most deprived 20% in
Scotland. The median indices of multiple deprivation decile across
all sites was 5 (1, 10) in England and 3 (1, 5) in Scotland.

Dry eye disease treatments

Across all centres, the median number of eye drops applied every
day per patient using single-dose dispensers and multi-dose
dispensers was 3.5 (0, 66) and 11 (0, 122) respectively. The median
number of eye ointment applications was 2 (0, 20), the median
number of serum eye drops applied was 12 (0, 122), and the
median number of oral tablets taken was 0 (0, 8). Given the
similarity in characteristics among patients within each site and
the consistency in treatment regimens indicating similar severity
of disease, the data from multiple sites has been pooled for
subsequent analysis (see Table 1). 18.5% of patients reported that
they receive assistance with taking their medications for dry eye
disease, 29.4% of whom said the person assisting them lives in a
separate household. The median number of different types of eye
drops and ointments that patients had tried for dry eye disease
was 10 (1, 50). Patients also reported that they had tried a wide
variety of treatments besides drops and ointments (see Fig. 2).

Storage and disposal of medications

Patients are advised to store their serum eye drops at —20 °C and
17.4% of all patients said they use a separate freezer specifically
for this purpose. When asked about the disposal of their dry eye
medications packaging, 35.9% of patients said everything goes
with their general household waste, 13% said everything goes
with their recycling and 51.1% said some items go with their
recycling (see Fig. 3). Patients who reported that some items go
with their recycling were then asked about which items they
choose to recycle. For each packaging item, the percentage of
patients who reportedly discard them into recycling bins were as
follows: cardboard boxes and paper instructions 47.8%, single-
dose eye drop dispensers 19.6%, multi-dose eye drop dispensers
17.4%, serum eye drop dispensers 9.8%, ointment tubes 8.7%,
and blister packs 7.6%. A total of 70.7% of patients said they had
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Fig. 1 The environmental impact of dry eye treatment on dry eye disease.

Table 1.
All participants
(n=92)

Age (years) 64 (25, 79)

Gender (female, %) 78

Indices of multiple deprivation -

Number of dry eye Drops using single- 3.5 (0, 66)
disease treatments per dose dispensers
day Drops using multi- 11 (1, 122)
dose dispensers
Eye ointment 2 (0, 20)
applications
Serum eye drops 12 (0, 122)
Oral tablets 0 (0, 8)

Demographics and number of dry eye disease treatments per day.

Liverpool Birmingham Glasgow London
(n=41) (n = 25) (n=20) (n=6)

60 (29, 86) 68 (27, 87) 67 (54, 83) 67 (25, 79)
83 64 85 83
35(1,9 5(1,10) 3(1,5) 6 (4, 10)
4 (0, 60) 6 (0, 64) 0.5 (0, 66) 6.5 (0, 16)
10 (0, 100) 15 (0, 122) 2 (0, 120) 8 (0, 28)

2 (0, 20) 2 (0, 8) 1.5 (0, 8) 2(1,4)

12 (0, 50) 16 (0, 122) 14 (0, 40) 7.5 (1, 20)
0(0,2) 1(0, 8) 0 (0, 2) 0 (0, 3)

Results displayed as median (range), unless otherwise stated. Treatments for both eyes e.g. 1 drop administered to both eyes 4 times daily = 8 drops.

not noticed the disposal instructions on their medications
packaging, 22.8% said there were no recycling instructions on
the packaging and 6.5% said their medications packaging had
clear instructions for recycling. The follow-up question to find out
which packaging had clear instructions yielded conflicting
responses. In total, 37% of patients said they were concerned
by the environmental impact of their dry eye medications, 64.7%
of whom said they would like the opportunity to discuss
medications that have more eco-friendly packaging at their next
appointment.

Travelling

Overall, 59.8% of patients travel to collect some or all their dry eye
medications. The reported methods of transport used to collect
medications were walking (54.5%), car (36.4%), public transport (5.5%)
and a mixture (3.6%). For those who responded “car” and “public
transport” the median number of minutes for each return journey was
10 (2, 60). 94.6% of patients have some or all their dry eye medications
delivered to them and rely on services including NHSBT couriers

Eye (2025) 39:1765-1771

(87.0%), pharmacy deliveries (31.5%) and friends or family (8.7%). The
median number of hospital appointments that patients attended for
dry eye disease per year was 3 (1, 15). The method of transport used to
attend these appointments were reported as follows: car (62.0%),
public transport (25.0%), other (12.0%) and electric vehicle (1.1%). Most
responses classified as other were hospital transport services. For those
who responded “car”, “public transport” or “electric car”, the median
number of minutes for each return journey to hospital appointments

was 100 (8, 300).

Patient perspectives

When asked for their opinion on whether eye disease significantly
increases their Carbon footprint, 31.5% of patients responded yes,
37.0% said no and 31.5% could not decide. Those who responded
yes, were then asked how much it concerns them on scale of 0
(not at all concerned) to 10 (extremely concerned) and the
median response was 6 (1, 10). All patients were asked what they
felt caused most of the environmental harm and the responses
were plastics disposal (55.4%), travelling to appointments (16.3%),
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medication deliveries (10.9%) and other (17.4%). All responses
classified as other were from patients who thought no harm
occurred or could not decide. Finally, patients were asked if they
had any thoughts on how the environmental harm in the dry eye
disease care pathway could be reduced. Figure 4 shows the
results for the thematic analysis. Several responses highlighted
the need for clearer recycling instructions on medication
packaging. For example, a patient suggested that “all eye drops

50% 28% 15%

could come with clear instructions with how to be recycled at
home”. Furthermore, there was significant feedback regarding the
serum eye drops service. Patients expressed concerns such as
“serum drops come in a box with multiple boxes to fill the empty
space and polystyrene which is not necessary and needs to be
thrown away”. Suggestions included “reduce the amount of
packaging on serum eye drops, and cluster deliveries of serum if a
courier service is to be used”.

B Punctal plugs

¥ Heat mask

¥ Oral antibiotics
Other

¥ Oral steroids

B Therapeutic contact lenses

23%

H None

B Amniotic membrane graft
B Acupuncture

B Homeopathy

B Private sector treatments

Fig.2 Percentages of patients that have trialled dry eye disease treatments other than eye drops and ointments. Responses categorised
as other include Omega 3 and multi-vitamin tablets, eyelid cleaning wipes, eyelid tape, moisture chamber glasses, punctal cautery, partial
tarsorrhaphy, eyelid reconstruction surgery with or without oral mucus membrane graft.

Fig. 3 Disposal of dry eye disease medications.
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I don't know
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It's not possible

Electronic appointment letters

Local dispensing of hospital special medications
More electric vehicles

More medications with each prescription

There is no need

Theme:

Waste
. Transport
. Education

Fig. 4 Patients’ thoughts on how the environmental harm in the dry eye disease care pathway could be reduced.

DISCUSSION

Our multi-centre cross-sectional survey of patients has provided
insights to the intricacies and overall scale of environmental harm
caused by the dry eye disease care pathway. The sample
population in this study has severe disease and is therefore not
representative of the entire dry eye disease population. Patients
included in this study will be on more treatments and will require
more face-to-face appointments than typical dry eye disease
patients, which will inevitably result in greater environmental
damage witnessed by the sample population. However, the
perspectives of the patients included in this study are perhaps the
most valuable as these patients can comment on most aspects of
the care pathway. There were considerably less males (21.7%)
than females (78.3%) in our study, which could have affected the
results, as some literature suggests that males are less likely than
females to adopt green behaviours [32]. The median age of all
patients in our study was 64 (25, 87) and there was a fairly
balanced spread of multiple indices of deprivation scores across
all patients. This is noteworthy, as the Waste and Resources
Action Programme (WRAP) has identified a correlation between
higher levels of deprivation and lower recycling rates [33].

For the sample population, we can use the figures in Table 1 to
calculate the number of eye drop dispensers used and the
subsequent amount of plastics disposal per patient per year.
Assuming that each single-dose dispenser is used for two
applications (one in each eye), the median number of single-
dose eye drop dispensers used per patient per year is 639
(0, 12045). Also, assuming that every 10 mL multi-dose eye drop
dispenser contains 200 drops, the median number of multi-dose
eye drop dispensers used per patient per year is 20 (0, 222.65).
When emptied, a single-dose eye drop dispenser weighs 1 g and
a 10 mL multi-dose eye drop dispenser weighs 6.5 g. Therefore,
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the median and range values for the weight of plastic disposal per
patient per year are 0.64kg (0, 12.05kg) for single-dose
dispensers and 0.13 kg (0, 1.45 kg) for multi-dose dispensers. This
weight of plastic is equivalent to 64 (0, 1205) and 13 (0, 145)
100 mL plastic water bottles, respectively. When using serum eye
drops, patients are advised to open a new bottle each day instead
of using the same bottle for multiple days. The average drop size
is 0.045 ml, and an empty 3 mL vial weighs 8.3 g. As a result, the
median number of serum bottles used per day is 1 (0, 2). This
practice leads to an annual plastic disposal of 3 kg (0, 6 kg), which
is equivalent to discarding 300 100 mL plastic water bottles. It is
important to note that these calculations assume that each eye
drop is applied successfully in a single attempt, without any
wastage or excess administration, and that all bottles are used
until they are empty. However, this is often not the case, and the
actual amount of plastic waste generated is likely to be
significantly higher than the estimated figures suggest.

The administration of eye drops can also generate travel
related emissions. Many patients with severe dry eye disease are
elderly and have other co-morbidities such as arthritis, which
might explain why 5.4% of patients receive assistance with taking
their medications from someone who lives in a separate
household. The amount of non-recycled waste and travel related
emissions secondary to dry eye disease treatments becomes more
pronounced when considering the median number of different
types of eye drops and ointments that patients had tried was 10
(1, 50) and the wide variety of other treatments that had been
undertaken, as displayed in Fig. 2.

On average across the UK, fridge freezers are the most energy-
intensive appliance at home. 17.4% of all patients in our study
said they use a separate freezer specifically for storing their serum
eye drops. On average, 0.193kg of CO, equivalent (CO.e)
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emissions are produced per kWh of electricity use in UK
households and compact freezers consume 234.22 kWh of
electricity annually [34, 35]. According to these figures, an
additional compact freezer will generate 45.2kg of CO.e
emissions per year. If we assume the average car now produces
around 220 grams of CO,e emissions per mile, the storage of
serum eye drops in a separate compact freezer at home each year
is equivalent to driving 205 miles. It is also noteworthy that fridge
freezers release highly potent greenhouse gases when faulty or
disposed of incorrectly. For instance, HFC-134a is the most
common hydrofluorocarbon found in domestic fridge freezers
and has a global warming potential 3,400 times that of CO, [36].

When asked about the disposal of their dry eye medications
packaging, 39.5% of patients said everything goes with their
general household waste, 13% said everything goes with their
recycling and 51.1% said some items go with their recycling (mostly
cardboard boxes and paper instructions). The percentage of items
being recycled is limited by the absence of clear recycling
instructions on packaging. Other potential barriers for recycling
include poor infrastructure and service constraints, socio-economic
factors that influence human behaviour and a lack of education and
public engagement [37]. The presence of these barriers might
explain why only 23.9% of patients were concerned by the
environmental impact of their dry eye medications and would like
to discuss medications with more eco-friendly packaging at their
next appointment. To obtain further information regarding the
recyclability of medication packaging, we submitted freedom of
information requests to multiple councils across England. Gen-
erally, the councils indicated that most primary and secondary
packaging items will go through the recycling process, providing
they have been properly cleaned and did not previously contain
blood products e.g. serum. Polystyrene packers cannot be recycled,
and blister packs usually result as waste due to the challenges
associated with separating foil and plastic.

The collection and delivery of dry eye disease medications
generates significant amount of greenhouse gas emissions. In
particular, the serum eye drops delivery service, which 87% of
patients in this study utilise, transports serum eye drops to patients
across the UK from the centralised NHSBT processing facility in
Liverpool. A comprehensive description of this service's environ-
mental impact has been provided by Latham et al. [28]. The median
number of hospital appointments per year that patients reportedly
attend for dry eye disease is 3 (1, 15). The most common method of
travelling to hospital appointments is by car (62.0%) and the
median number of minutes for each return journey is 100 (8, 300).
According to the Department for Transport, in 2023, the average
CO,e emissions per car was 211.2 grams per mile, and the average
driving speed on Local ‘A’ roads across England was 23.0 mph.
Therefore, in the feasible scenario that a patient attends three
appointments per year and drives 23 mph on average for 100 min
for each appointment, the annual COe emissions for travelling to
hospital appointments for such a patient is approximately 19.4 kg
CO,e. This is higher than average carbon footprint for three face-to-
face and three virtual geriatric medicine clinic consultations,
calculated as 14.5kg CO,e and 3.0kg CO,e respectively [38].
Moreover, two trees would need to be planted to offset this
amount of Carbon equivalent emissions, since over a 100-year
lifespan, each tree will absorb approximately 10 kg of CO, per year.

31.5% of patients in this study thought having dry eye disease
significantly increases their Carbon footprint, 37.0% thought it
does not and 31.5% could not decide. This correlates with the
findings of a survey of 1858 UK adults, which revealed that only
around a quarter (26%) of people believe the NHS is contributing
to climate change [39]. The majority (55.4%) of patients in our
study thought that plastics disposal was the main source of
environmental harm. This message is demonstrated in Fig. 4,
which shows that environmentally friendly packaging is the
strategy that patients would like to prioritise most.
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This multi-centre observational study is the first to ascertain the
perspectives of patients on the environmental harm associated
with severe dry eye disease management. The results of this study
are unique and have highlighted multiple areas in which
innovations are needed to help the NHS to achieve net-zero. The
study is limited by its cross-sectional design and specific sample
population. It is likely that the results would have varied if the study
was longitudinal and included patients with mild-moderate dry eye
disease. Furthermore, the study design is vulnerable to volunteer,
response and observer bias. There was a disproportionate
percentage of males and females and the number of patients
recruited from each centre was also uneven. Despite its shortfalls in
methodological robustness and generalisability, this study provides
unique insights to the environmental damage that occurs
subsequent to the NHS dry eye disease care pathway.

SUMMARY

What was known before

® Environmental pollution significantly threatens global well-
being and quality of life.

® The healthcare industry, responsible for approximately 5% of
total greenhouse gas emissions, plays a crucial role in
exacerbating this issue.

® Dry eye disease, a chronic condition affecting approximately
29.5% of the global population, presents a particular challenge.

® |ts care pathway is not only environmentally harmful but also
exacerbates the condition.

® To date, most assessments of healthcare’s environmental
impact, including that of dry eye disease, have primarily
focused on data from healthcare service providers, often
overlooking the crucial perspective of patients.

What this study adds

® This research article presents a multi-centre cross-sectional
survey of patients with severe dry eye disease to investigate
the pollution and emissions associated with the NHS dry eye
disease care pathway.

® This study identifies key areas needing innovation to support
the NHS in achieving net-zero emissions.

® n addition, we hope this study will encourage researchers to
incorporate patients’ perspectives when assessing the envir-
onmental footprint of healthcare services.

DATA AVAILABILITY
The datasets generated during and/or analysed during the current study are
available from the corresponding author on reasonable request.
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