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BACKGROUND: Early diagnosis and treatment of neovascular age-related macular degeneration (NvAMD) improve vision 
outcomes. This analysis investigates associations of English indices of multiple deprivation 2019 (IMD2019) with baseline 
characteristics, key care processes and visual acuity (VA) outcomes for NvAMD in the National Ophthalmology Database (NOD).
METHODS: Eligible eyes started treatment for NvAMD in England between 01/04/2020 and 31/03/2023. Participating centres with 
≥25 eyes with baseline VA and IMD2019 data were included.
RESULTS: Eligible for analysis were 48,583 eyes from 60 English centres. Between decile 1 (most deprived) and decile 10 (least 
deprived), median age at start of treatment ranged from 79 to 82 years and median baseline VA ranged from 56 to 60 ETDRS 
letters. After one year of treatment (−28 to ∫84 days), the median number of injections administered ranged from 7 to 8 across 
deciles. Loss to follow-up was observed in 13.7% eyes in decile 1, and 11.8% in decile 10. Median VA at 12 months ranged from 61 
to 65 ETDRS letters across deciles. A “good” VA outcome (≥70 ETDRS letters) was achieved by 45.5% in decile 10, compared with 
35.9% observed in decile 1 (p < 0.001). A “poor” VA outcome (≥10 ETDRS letter loss from baseline) occurred in 18.4% of eyes in 
decile 1 versus 14.5% in decile 10 (p < 0.001).
CONCLUSIONS: Patients starting NHS-funded treatment in England for NvAMD and living in areas of higher socioeconomic 
deprivation were typically younger, had lower baseline acuity and achieved worse VA outcomes than those from lower deprivation 
areas, with little variation in treatment between the deciles.

Eye; https://doi.org/10.1038/s41433-026-04382-8

INTRODUCTION
Age-related macular degeneration (AMD) is a chronic progressive 
eye condition and the leading cause of irreversible visual 
impairment in older people in developed countries, with 200 
million people estimated to have AMD worldwide in 2020 [1, 2].

Neovascular AMD (NvAMD) is an advanced form of AMD 
characterised by macular neovascularisation that can cause rapid 
central vision loss. Early diagnosis and treatment of NvAMD with 
intravitreal inhibition of vascular endothelial growth factor (VEGF) 
improves vision outcomes [3–5]. Notably, along with age, visual 
acuity (VA) at presentation has been shown to be one of the 
strongest predictors of long-term vision outcomes [6, 7].

Inequality in eye health is increasingly being identified across 
the conditions most responsible for visual impairment, with 
socioeconomic deprivation in the UK associated with more 
advanced eye disease and lower uptake of optometry services 
[8–11]. Existing evidence for the association between deprivation 
and AMD is inconsistent, though real-world data largely indicates 
disparities by socioeconomic status, with lower baseline vision 
and greater prevalence of AMD observed amongst those living in 

areas of greatest deprivation, and subsequent poorer visual acuity 
outcomes following treatment [12–15].

This study reports analysis of data supplied to The Royal 
College of Ophthalmologists (RCOphth) National Ophthalmology 
Database (NOD) AMD Audit, investigating associations of 
deprivation with baseline characteristics, key care processes and 
VA outcomes in NvAMD.

METHODS
The RCOphth NOD National AMD Audit is open to centres performing 
NHS-funded treatment of NvAMD within the UK and Channel Islands. 
The data is collected as part of routine clinical care on electronical 
medical record systems (EMR) or in-house databases and submitted 
annually for eyes starting treatment for NvAMD. Further information on 
the RCOphth NOD AMD Audit can be found on the audit website 
(www.nodaudit.org.uk).

Eligible for analysis were NHS-funded intravitreal anti-VEGF treatments 
submitted to RCOphth NOD administered in English centres with at least 
25 treated eyes between 01/04/2020 and 31/03/2023 (Supplementary 
File 1 for list of participating centres). Inclusion criteria for eyes required 
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recording of baseline VA and the English Indices of Multiple Deprivation 
(IMD) 2019 for each patient [16]. (IMD is a percentile rank estimate of 
relative deprivation that ranks neighbourhoods in England across seven 
domains (income, employment, education, health, crime, housing and 
living environment). Due to different measures of deprivation used in 
Scotland, Wales and Ireland, only data from England were analysed.) 
During data extraction, IMD deciles were matched to the patient’s post 
code, from decile 1 (most deprived) to decile 10 (least deprived), and 
transferred to the RCOphth NOD without the patient’s postcode. This 
analysis reports outcomes over the first 12 months of eyes commencing 
treatment in the 2020–2022 NHS years.

Outcome measures
VA at baseline and after 12 months of treatment (−28 to ∫84 days) was 
recorded in ETDRS letters. A change of five ETDRS letters is equivalent to 
0.10 LogMAR unit. A good” VA outcome at 12 months was defined as ≥70 
ETDRS letters. A “poor” VA outcome at 12 months was defined as a 
decrease of ≥10 ETDRS letters from baseline. Eyes with a baseline VA ≤25 
ETDRS letters were excluded from poor VA outcome analysis (Supple
mentary Fig. 1). Chi-squared test was used to compare “good” and “poor” 
visual outcomes between decile1 and decile10.

Key care processes included starting treatment within 14 days of 
referral from primary care, completing the first 3 injections during the 
loading phase of initial monthly injection within 10 weeks and the total 
number of injections administered to an eye during the first year of 
treatment.

Loss to follow-up was defined as eyes for which no clinical information 
was available at 12 months (∫84 days) following treatment commence
ment. All eyes with VA data or injection data at one year were considered 
to have completed follow-up.

Statistical analysis
All analyses were performed using STATA 18 (StataCorp. 2023. Stata 
Statistical Software: Release 18. College Station, TX: StataCorp LLC).

RESULTS
Baseline characteristics
Eligible for analysis were 48,583 eyes of 42,043 patients from 60 
English participating centres (including 47 NHS Trusts and 13 
independent sector treatment centres). Anti-VEGF injections were 
administered to 24,001 (49.4%) left eyes and 24,582 (50.6%) right 
eyes. Of 42,043 patients, 25,240 (60.0%) were female, 15,514 (36.9%) 
were male, and the gender was not stated for 1289 (3.1%) patients.

The majority of the sample consisted of 33,161 (68.3%) first- 
treated eyes, of which the median age at start of treatment was 
81 years (IQR: 75–86 years). The number of second-treated eyes 
was 9864 (20.3%), with a median age at start of treatment of 83 
years (IQR: 77–87 years). Immediate sequential bilateral intravi
treal treatment (ISBIVT) was given to 5558 (11.4%) eyes from 2779 
patients, with a median age at start of treatment of 82 years (IQR: 
76–87 years). The overall prevalence of diabetes mellitus was 
12.7% (5327 patients).

Baseline age and visual acuity by IMD decile
Median age was 79 years in decile 1 increasing to 82 years in 
decile 10 (Table 1). The median baseline VA overall was 60 ETDRS 
letters (IQR: 45–70 ETDRS letters), trending to decreasing baseline 
VA with increasing deprivation, with a median of 56 ETDRS letters 
in decile 1 and 60 ETDRS letters in decile 10 (Fig. 1). This trend was 
also present when analysing first-treated eyes only, but not in 
second-treated eyes. For first-treated eyes, the median baseline 
VA was 55 ETDRS letters (IQR: 40–68 ETDRS letters), where median 
baseline VA was 55 ETDRS letters in decile 1 increasing to 59 
ETDRS letters in decile 10. For second-treated eyes, the median 
baseline VA was 65 ETDRS letters (IQR: 54–71 ETDRS letters), 
across all deciles.

Treated eyes from less deprived deciles were more likely to 
have baseline VA of ≥70 ETDRS letters (29.1%) and less likely to 
have baseline VA of ≤ 25 ETDRS letters (6.9%) (Table 1).

Distribution of treated eyes across IMD deciles. The proportion of 
treated eyes from each IMD decile ranged from 6.6% to 13.8% for 
deciles 1–10. All bar 8 centres treated patients from every IMD 
decile. The median IMD decile from each centre ranged from 
decile 3 to decile 9 (Fig. 2).

From the sample, 43,754 (90.1%) of eyes treated in traditional 
NHS centres, representation from IMD deciles ranged from 6.3% 
(decile 1) to 13.9% (decile 10). Similarly, in the 4829 (9.9%) of eyes 
treated in the independent sector, representation ranged from 
10.0% (decile 1) to 13.2% (decile 10).

Intravitreal injection pathway uptake by IMD decile
Over the first year of treatment, 48,583 eyes received a total of 
345,062 intravitreal injections, of which the proportion ranged 
from 6.4% to 13.8% for decile 1–10 (Table 1). Of the total cohort, 
only 21,836 eyes (44.9%) had a recorded referral date, and only 
16.6% had a documented reason for referral. Due to these 
limitations in data completeness, results regarding initiation of 
treatment within 14 days of primary care referral are not 
presented, as poor data quality restricts their applicability to the 
entire cohort. The initial loading phase of three anti-VEGF 
injections was completed within 10 weeks of the first injection 
by 34,827 (71.7%) eyes (Table 1). The median number of anti- 
VEGF injections per eye was 7 (IQR: 5–9). There was little variation 
across IMD deciles for loading phase completion, and the median 
number of injections during the first year of treatment.

Overall, 6354 (13.1%) eyes were lost to follow up within one 
year of treatment and the proportion ranged between 13.7% to 
11.8% from deciles 1 to 10, being highest in decile 2 (15.5%) 
(Table 1). While 456 (7.2%) eyes stopped treatment for clinical 
reasons, there were no reasons reported for 5008 (78.8%) eyes 
lost to follow-up.

Visual acuity at 12 months of treatment by IMD decile
After one year, VA was recorded for 39,439 (81.2%) eyes from 58 
centres. Median VA was 65 ETDRS letters (IQR: 48–75 ETDRS 
letters), trending towards increasing VA with decreasing depriva
tion, with median VA at 12 months 61 ETDRS letters (decile 1) and 
65 ETDRS letters (decile 10) (Fig. 1). Differentiating between first 
and second-treated eyes showed similar trends. The median VA of 
first-treated eyes at 12 months was 60 ETDRS letters in decile 1 
and 65 ETDRS letters in decile 10. Median VA at 12 months of 
second-treated eyes was 66 ETDRS letters in decile 1 and 70 
ETDRS letters in decile 10 (Supplementary Tables 2, 3). The 
proportion of eyes in which VA improved by >5 ETDRS letters was 
39.1%, by >10 ETDRS letters was 25% and by >15 ETDRS letters 
was 15%, with similar gains across deciles.

“Good” VA (≥70 ETDRS letters) at 12 months was achieved by 
16,414 (41.6%) of all eyes, ranging from 35.9% (decile 1) to 45.5% 
(decile 10) (Table 2), with a significantly higher proportion of 
patients with “good” VA in the least deprived decile 10 compared 
to the most deprived decile 1 (p < 0.001).

“Poor” VA outcome at 12 months (≥10 ETDRS letters decrease 
from baseline VA) was observed in 5879 (16.0%) of all eyes. This 
proportion was significantly higher among patients in the most 
deprived decile 1 (18.3%) compared to those in the least deprived 
decile 10 (14.5%) (p < 0.001) (Table 2).

DISCUSSION
This review of UK AMD Audit data collected as part of routine care 
over a 3-year period shows significant associations between 
socioeconomic deprivation and visual acuity (VA), both at 
baseline and at 12 months, for NHS-funded treatment of NvAMD 
in England. This relationship persists despite minimal differences 
in the audited aspects of the care pathway, suggesting that 
factors beyond clinical delivery may influence outcomes. The 
findings underscore a clear socioeconomic gradient: patients 

R. Shenoy et al.  

2

Eye



from the least deprived areas were significantly more likely to 
achieve “good” VA at 12 months, while those from the most 
deprived areas were significantly more likely to experience “poor” 
VA at 12 months. Additionally, a trend toward greater loss to 

follow-up among patients in more deprived areas further 
highlights potential barriers to sustained engagement with care.

Median baseline VA was lower in patients from the areas of 
greatest deprivation and 12-month VA outcomes were also worse, 

Fig. 1 Median ∫∠IQR plots of ETDRS visual acuity (VA) at baseline (N =∠48,583 treated eyes from 60 participating centres) and at one- 
year (N =∠39,439 treated eyes from 58 participating centres) by national decile of social deprivation for England. The ‘line’ displays the 
inter-quartile range (IQR) with the median in the middle. The national decile of social deprivation indicates the most deprived decile (decile 1) up 
to the least deprived decile (decile 10) of England.

Table 1. Patients’ characteristics, categorised baseline visual acuity (VA), and intravitreal injections for decile of social deprivation.

variables Decile of social deprivation

1 2 3 4 5 6 7 8 9 10

N 3222 3432 3690 4291 4830 5098 5506 5836 5956 6722

Age at 1st injection

(years)

Median 79 80 80 81 81 81 82 82 82 82

IQR (73–85) (74–86) (74–85) (75–86) (75–87) (76–86) (76–87) (76–87) (77–87) (77–87)

VA at baseline

(Column %)

≤25 letters 10 10.9 9 8.5 7.9 8.3 8.6 7.7 7.8 6.9

26–35 letters 9.8 10.7 9.5 8.9 9.2 8.9 8.4 7.9 8.2 7.5

36–55 letters 30.1 28.7 29.2 30.4 30.7 28.9 29.2 28 28.1 27.8

56–69 letters 25.9 25.6 26.5 26.1 26.5 28.4 26.8 28.6 27.9 28.8

≥70 letters 24.2 24.1 25.8 26.1 25.7 25.7 26.9 27.9 28 29.1

Completing the loading 
phase (column %)

<3 injections 6 6.7 6.3 5.7 5.9 5.1 5.3 5.4 5.9 4.8

Within 10 weeks 71.3 69.8 69.5 70.9 70.6 72.7 71.6 72.4 73.5 72.4

10–12 weeks 9.2 9.9 9.8 9.7 10.1 10.4 9.9 9.1 8.7 9

12–16 weeks 7.1 7.1 7.1 6.3 6.2 5.6 6.2 6.4 5.7 6.2

4–6 months 4.5 4.2 4.5 4.9 4.4 3.9 4.3 4.3 4 4.8

>6 months 1.9 2.3 2.8 2.5 2.8 2.3 2.7 2.4 2.2 2.8

Injections over one year 
(N =∠345,062)

22,535 23,447 25,203 29,446 33,725 36,318 39,473 42,271 42,838 49,806

Median (IQR) injection per eye 7 (5–9) 7 (5–9) 7 (5–9) 7 (5–9) 7 (5–9) 7 (5–9) 7 (5–9) 8 (5–9) 7 (5–9) 8 (5–9)

Lost to follow up after one 
year (Column %)

13.7 15.5 13.1 14.2 13.2 12.6 13.8 12.1 12.6 11.8

N =∠48,583 treated eyes from 60 participating centres.
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despite these patients being younger at the start of treatment. 
This is in contrast with published studies that generally report 
better visual outcomes amongst younger patients and may 
suggest deprivation is associated with more advanced AMD at 
presentation [17, 18]. This may further indicate barriers to access 
to diagnosis of AMD in areas of deprivation that are reflected in 
findings from previous UK studies [12, 19]. One single centre 
retrospective study in the UK (n =∠756) reported that people 
living in the most deprived areas were significantly more likely, 
when compared to those from the least deprived areas, to 
present with severe reduction in acuity, after adjusting for age, 
gender and distance from treatment centre (OR  =∠∠4.07; 95% 
Cl =∠1.50–11.0; P  =∠∠0.006,) [12]. Similar associations were 
reported in another single centre retrospective study in Birming
ham (n =∠120), but were not found in a similar study in Glasgow 
(n =∠240). However, significant limitations of these retrospective 
studies include variable measures of deprivation used, variable 
inclusion of relevant confounders and small sample sizes 
[12, 19, 20].

Comparing first and second-treated eyes, the trend to worse 
baseline VA with greater deprivation was only seen in first-treated 
eyes, suggesting that patients developing NvAMD in their second 
eye, likely identified through monitoring in secondary care, may 
not experience the same initial barriers to access. However, worse 
12-month VA was seen in both first and second-treated eyes, 

suggesting that socio-economic deprivation may have an 
independent association with acuity outcomes, rather than simply 
being a surrogate marker of baseline VA. Across all treated eyes, 
12-month VA outcomes in this audit remained worse in the eyes 
of patients from areas of highest deprivation.

Barriers to access to primary care, where patients with AMD 
may first present, may contribute to the association seen with 
deprivation and worse baseline VA. Analysis of NHS digital data 
has shown substantial variation in the provision of optometry 
services in England with much lower rates in more deprived areas 
versus more affluent areas [11]. Inequalities in uptake of eye 
examinations have also been shown, with analysis of General 
Ophthalmic Services (GOS) claims for eye examinations in the UK 
showing people aged over 60 years living in the least deprived 
areas being 15–71% more likely to access an NHS-funded eye 
examination compared to those in the same age group living in 
the most deprived areas [8, 21]. Similar trends are reported 
globally, with studies in the USA and Canada reporting lower 
uptake of eye services amongst people with lower education and 
income levels, current smokers, Black ethnic groups and those 
older than 65 years, with reasons for not seeking eye care 
including no insurance or cost of examination and lack of 
perceived eye problem [22, 23].

Observational studies of real-world data, including the RAIN
BOW and PERSEUS studies, have consistently shown the 

Fig. 2 Median ∫∠IQR plots of decile of the social deprivation by participating centre and ordered by median decile. The ‘line’ displays the 
inter-quartile range (IQR) with the median in the middle. The national deciles of social deprivation indicate the most deprived (decile 1) up to the 
least deprived (decile 10) of England. N =∠48,583 treated eyes from 60 participating centres.

Table 2. Categorised visual acuity (VA) at 12-month, Good VA (N =∠39,439), and poor VA (N =∠36,792) for decile of the social deprivation from 58 
participating centres.

Variables Decile of social deprivation

1 2 3 4 5 6 7 8 9 10

Number of eyes at one year (N) 2566 2676 2945 3401 3933 4186 4458 4811 4898 5565

VA at one year (column %)

≤25 letters 9.5 10.2 9.2 8.2 8.9 8.6 8.3 7.8 7.9 7

26–35 letters 8 7.2 7.1 7.8 7.1 6.3 6.9 6.8 6.8 6.1

36–55 letters 22.2 20.8 20.4 20.3 21.2 20 18.6 19.4 18.5 19.5

56–69 letters 24.4 23.9 24.2 24 22.6 23.8 22.8 23.5 22.7 21.9

≥70 letters (Good vision) 35.9 37.9 39.1 39.7 40.2 41.3 43.4 42.5 44.1 45.5

Number of eyes at one year with baseline 
VA > 25 ETDRS letters

2 348 2 458 2 730 3 177 3 675 3 915 4 134 4 511 4 589 5 255

Poor vision (column %) 18.3 17.2 16 16.3 16.8 15.9 15.4 15.5 16 14.5
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association of regular treatment and prompt completion of the 
loading phase of treatment with better greater acuity outcomes 
and the same findings have been replicated in the annual reports 
of the UK AMD audit [24, 25]. In this audit, 71.7% of eyes overall 
completed the first 3 injections during the loading phase of 
treatment within 10 weeks, with little variation across IMD deciles. 
This is comparable to another observational study in the UK 
reporting over 75% completion within 10 weeks (n =∠7 686), 
which also reported worse VA with an incomplete loading phase 
of treatment by LogMAR 0.078 (95% CI 0.039–0.12), approxi
mately four ETDRS letters, when compared with eyes with fast 
loading phase completion [14]. There was also little variation in 
the median number of intravitreal injections by IMD decile. The 
audited key care processes, therefore, did not show notable 
differences by socioeconomic deprivation, in contrast to other 
national audits [26]. Further research is warranted to identify 
specific components of the treatment pathway that may vary by 
socioeconomic deprivation. Such insights could inform future 
audits of AMD service outcomes stratified by deprivation and 
guide the design, implementation, and evaluation of interven
tions aimed at reducing health inequalities.

Trends towards greater loss to follow-up were observed in the 
most deprived deciles in this analysis, which has not been 
reported in other UK studies of AMD. This may be associated with 
other variables not included in this analysis [12, 19]. Studies in the 
USA investigating loss to follow up in AMD services have 
identified other associations including older age, Black or Asian 
ethnicity, non-English speaking groups and comorbidities such as 
diabetes or dementia [27–30]. Factors increasing rates of loss to 
follow-up in treatment of wet AMD have significant implications 
on increasing vision loss, and poor baseline VA itself has been 
linked to increased loss to follow up, suggesting persistent 
barriers to access throughout the care pathway [7, 31, 32]. 
Distance from home to hospital is also suggested as a reason for 
loss to follow up in treatment of AMD and other conditions 
affecting older people, perhaps linked to identifying an escort to 
the appointment [33, 34]. Other factors influencing adherence in 
qualitative studies include logistic barriers, such as booking 
appointments, and psychological barriers surrounding experience 
of receiving intravitreal injections [32, 35, 36].

Strengths of this study include the contribution of data over 
three years from an estimated 50% of all eligible eyes in 
England, comprising one of the largest real-world databases of 
intravitreal injections for NvAMD, thereby increasing the 
generalisability of findings. Limitations include the use of only 
English centres as deprivation is measured differently in 
Scotland, Wales and Northern Ireland. Furthermore, deprivation 
data were available for centres using Medisoft or mediSIGHT 
electronic medical records, but not available from centres using 
OpenEyes software. Data quality relating to the duration of 
symptoms and recording of the date of initial referral was poor 
so that no analysis of delayed presentation to primary care 
colleagues or delays in starting treatment after diagnosis were 
possible. Analysis also included the use of two eyes per person 
introducing patient-level correlation.

This audit has found significant associations between higher 
socioeconomic deprivation and worse 12-month VA, despite the 
patients being younger at the start of treatment and no clear 
difference in the elements of the care pathway studied. Moreover, 
this difference in outcome was present in both first and second- 
treated eyes, despite there being no difference in the baseline VA 
of second-treated eyes by decile of deprivation. Further explora
tion could seek to explain the association between greater 
deprivation and poorer vision outcomes across both first-treated 
eyes, where differences in baseline VA exist across IMD deciles, 
and second-treated eyes, where there is no difference in baseline 
VA by decile. This could underpin further investigation of barriers 
to access to AMD services amongst underserved populations.

SUMMARY

What was known before

● Reducing inequity in eye health is a national priority and links 
between socioeconomic deprivation and advanced eye 
disease are already described.

● Few studies in the UK have investigated associations between 
socio-economic deprivation and baseline characteristics, age, 
key care processes and visual acuity outcomes after treatment 
for neovascular age-related macular degeneration.

What this study adds

● Socio-economic deprivation is associated with age and visual 
acuity at presentation, key care processes and visual acuity 
outcomes after NHS-funded treatment in England for 
neovascular age-related macular degeneration.

● Further analysis is required to investigate if socioeconomic 
deprivation is independently associated with baseline visual 
acuity and outcomes after treatment.

DATA AVAILABILITY
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of Ophthalmologists, but restrictions apply to the availability of these data, which 
were used under license for the current study, and so are not publicly available. Data 
are howeve,r available from the authors upon reasonable request and with 
permission of The Royal College of Ophthalmologists
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