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Purpose: This study assessed the clinical and economic burden of geographic atrophy (GA) using real-world data from elderly 
patients with Medicare Advantage plans in the United States.
Patients and Methods: A retrospective cohort design of patients with GA only, GA + visual impairment (GA + VI), GA + blindness 
(GA + B), and patients without GA were identified using administrative healthcare claims data from Optum Clinformatics Data Mart. 
Inverse probability of treatment weighting controlled for confounding when comparing patients with GA only vs without GA, GA + 
VI vs GA only, and GA + B vs GA only. Endpoints included all-cause and ophthalmic condition-related healthcare resource utilization 
(HRU), injurious falls, and healthcare costs. HRU and injurious falls were assessed per-person-per-year and per 100 person-years, 
respectively. Cohorts were compared using rate ratios, 95% confidence intervals (CIs), and p-values from weighted Poisson regression 
models. Healthcare costs were evaluated per-person-per-year using mean cost differences, 95% CIs, and p-values from weighted linear 
regression.
Results: The study included 18,119 patients with GA only, 2,285 with GA + VI, 1,716 with GA + B, and 72,476 patients without GA. 
Higher rates of all-cause hospitalizations (RR [95% CI]: 1.08 [1.03, 1.12]), outpatient visits (1.08 [1.05, 1.10]), other visits (1.14 [1.08, 
1.21]), and falls with head injuries (1.24 [1.05, 1.45]) were observed in patients with GA vs without GA (P<0.05). GA was associated 
with higher annual all-cause total healthcare costs, spending an average of $1,171 more after adjustment (P<0.05). Progression to GA 
+ VI and GA + B was associated with a more pronounced burden.
Conclusion: The clinical and economic burden of GA is substantial and escalates as the disease advances. These findings suggest 
early intervention aimed at slowing GA progression may help to mitigate the healthcare burden associated with advancement of GA to 
visual impairment and blindness.
Keywords: geographic atrophy, economic burden, claims data, retrospective, visual impairment, blindness

Introduction
Geographic atrophy (GA) is one of two advanced forms of age-related macular degeneration (AMD), an ophthalmic 
condition that is the leading cause of vision loss among older adults.1,2 In the United States (US), an estimated 20 million 
individuals have AMD, while roughly one million are affected by GA.3 By 50 years of age, the prevalence of GA 
increases 4-fold with every decade of life, reaching 2.91% in adults aged 80 years.4 Given the current aging population, 
the prevalence of GA is expected to rise in the future.2,5

GA is characterized by irreversible loss of retinal pigment epithelium, photoreceptors and choriocapillaris,6,7 which in 
turn contributes to visual impairment (VI) and blindness over time.8 GA and its progression to VI and blindness are 
associated with a considerable humanistic and clinical burden. Patients with GA tend to report poor vision-related and 
overall quality of life compared to aged-matched peers without GA, including declines in social functioning and mental 
health.8–12 Personal safety, such as the risk of falls or injury, is often a major concern reported among patients with GA.9–11 
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Indeed, the annual prevalence of falls among individuals aged ≥65 years with VI and blindness was approximately 60% in 
2014, nearly double the prevalence of falls among those without VI and blindness.13

Evidence suggests that VI and blindness due to ophthalmic conditions, such as GA, may also pose considerable 
economic burden on healthcare systems. Hospitalizations, medical services for diagnosis and treatment, and care for falls, 
injuries, and other accidents attributed to VI and blindness result in high direct healthcare costs.9,11,14–17 Although GA is 
one of the most common causes of VI and blindness, few studies have assessed its economic impact on the healthcare 
system and payers.9,10,18,19 Accordingly, this study evaluated the healthcare resource utilization (HRU), rate of injurious 
falls, and healthcare costs among elderly patients with GA relative to those without GA in the US. Further, this study 
assessed the incremental burden associated with VI or blindness among patients with GA.

Material and Methods
Data Source
Optum Clinformatics Data Mart (CDM) is a database with 15–19 million annual lives of UnitedHealth Group members 
in all US census regions and includes Medicare Advantage health plan data. The database includes historical data on 
patient demographics, dates of eligibility and death, claims for medical and pharmacy services, costs of services, and 
laboratory tests and results. A subset of the Optum CDM database spanning from January 1, 2016 to September 30, 2021 
was used in this study. As data were de-identified and complied with the patient requirements of the Health Insurance 
Portability and Accountability Act of 1996, no institutional review board approval or exemption was required.

Study Design
A longitudinal, retrospective cohort design was used (Supplementary Figure 1). The study was comprised of four 
mutually exclusive cohorts based on patients’ diagnoses: (1) patients with GA only, (2) patients with GA and VI (GA 
+ VI), (3) patients with GA and blindness (GA + B), and (4) patients with no GA, identified using the International 
Classification of Diseases, 10th Revision, Clinical Modification (ICD-10-CM) diagnosis codes (Supplementary Table 1). 
Comparisons were made between the GA only and no GA cohorts, the GA + VI and GA only cohorts, and the GA + 
B and GA only cohorts.

For the cohorts with GA only and no GA, the index date was defined as the date occurring 12 months after the start of 
eligibility. For the GA + VI and GA + B cohorts, the index date was the later of either 12 months after the start of 
eligibility or the first diagnosis date of VI or blindness, respectively. For all cohorts, patient demographics and clinical 
characteristics were assessed during the baseline period defined as the 12 months prior to the index date. Study outcomes 
were assessed during the follow-up period defined as the time from the index date until the earliest of end of continuous 
healthcare plan enrollment, end of data availability, or death.

Study Population
The three GA cohorts were required to have at least one medical claim with a diagnosis of GA within the first 12 months 
of patients’ eligibility between January 1, 2016 and September 30, 2021. Patients in the GA + VI and GA + B cohorts 
were required to have at least one medical claim with a diagnosis of VI and blindness, respectively, after the onset of GA. 
Patients in the no GA cohort were selected from a random sample of 9,498,776 patients in the Optum CDM Database and 
had no medical claims with a diagnosis of GA anytime during the study period. Moreover, patients in the no GA cohort 
who had at least one medical claim with a diagnosis for VI or blindness prior to the index date were excluded. On the 
index date, all patients were required to be 65 years or older and have Medicare Advantage insurance coverage.

Study Outcomes
Study outcomes were measured during the follow-up period and included HRU, injurious falls, and healthcare costs. All- 
cause and ophthalmic condition-related HRU outcomes were evaluated, including frequency of hospitalizations, length of 
stay for hospitalizations, emergency room (ER) visits, outpatient (OP) visits, and other visits. A medical service claim 
was considered ophthalmic condition-related if it was associated with an ICD-10-CM diagnosis code for an ophthalmic 
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condition (Supplementary Table 1). All-cause and ophthalmic condition-related injurious falls included falls associated 
with fractures, joint dislocations, and head injuries. Injurious fall outcomes were defined as a medical claim for a fall 
followed by an injurious event claim for fractures, joint dislocations, or head injuries within 30 days after the fall. All- 
cause and ophthalmic condition-related costs included total healthcare costs, stratified by medical costs (ie, hospitaliza-
tions, ER visits, OP visits, and other visits costs), and pharmacy costs. Ophthalmic condition-related pharmacy costs 
included dispensings for anti-vascular endothelial growth factor (anti-VEGF) injections, prostaglandin analogs, rho 
kinase inhibitors, nitric oxides, miotic/cholinergic agents, and other prescription eye drops.

Statistical Analysis
Patient demographics and clinical characteristics were reported using descriptive statistics, including mean, standard 
deviation, and median for continuous variables and frequencies and proportions for categorical variables. Differences in 
baseline characteristics were assessed using standardized differences between each comparator cohort, with 
a standardized difference >10% indicating meaningful imbalance between cohorts.20 Cohorts were weighted using 
inverse probability of treatment weighting (IPTW) to balance baseline patient characteristics and control for potential 
confounding between each comparison. Baseline characteristics were reported for both the unweighted and weighted 
cohorts to determine if meaningful imbalances (ie, standardized difference >10%) were well-balanced after weighting.

The IPTW approach uses weights derived from the propensity score (PS) to create a pseudo-population where the 
distribution of covariates in the population are independent of diagnosis and allowing for the estimation of an 
unconfounded average effect across the entire population. In this study, IPTW weights were calculated separately for 
each comparison and then used in the respective analyses. Therefore, weighted outcomes for the GA only cohort across 
comparisons vary due to differences in the weights used for each comparison. The following observable patient 
demographics and clinical characteristics were included in the PS calculation to derive the IPTW weights: age, sex, 
region, race, year of index date, Quan-Charlson Comorbidity Index (CCI), frailty index, baseline HRU and costs, and 
comorbidities (ie, Elixhauser, Diagnostic and Statistical Manual of Mental Disorders, Fifth Edition [DSM-V], and select 
ophthalmic-related comorbidities) with prevalence ≥5% observed in the study population. Baseline characteristics that 
remained imbalanced after IPTW were added to the regression models as needed to control for residual confounding, to 
the extent that confounding factors were observable and recorded in the data.

Rates of HRU per person-year (PPY) were calculated as the total number of visits during follow-up divided by the 
total person-years of follow-up. Cohorts were compared using rate ratios, 95% confidence intervals (CIs) and p-values 
estimated from weighted Poisson regression models with robust variance estimators. Rates of injurious falls were 
reported per 100 person-years during follow-up and compared using rate ratios, 95% CIs, and p-values estimated from 
weighted Poisson regression models with robust variance estimators. Mean healthcare costs per-person-per-year (PPPY) 
were calculated by dividing the costs incurred over follow-up by the person-years of observation. Cohorts were compared 
using mean cost differences, 95% CIs, and p-values estimated from weighted linear regression models with robust 
variance estimators. Costs were inflation-adjusted to 2021 US dollars using the medical care component of the Consumer 
Price Index.

Results
Study Population
After applying all eligibility criteria to the GA population, the study included 18,119 patients with GA only, 2,285 with 
GA + VI, and 1,716 with GA + B. Among 4,357,140 patients eligible for the no GA cohort, 72,476 patients were 
randomly selected at four times the size of the GA only cohort as to not overpower the study when comparing patients 
with GA only to those with no GA (Supplementary Figure 2).

Baseline Characteristics
Unweighted patient demographics and clinical characteristics are presented in Table 1. Across the three GA cohorts, 
mean age ranged from 82.0–84.7 years, 67.2–71.7% were female, and over a third of patients were from the South 
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Table 1 Baseline Patient Demographics and Clinical Characteristics

Characteristics Unweighted Cohorts

No GA Cohort GA Only Cohort GA + VI Cohort GA + B Cohort

N= 72,476 N= 18,119 N= 2,285 N= 1,716

Observation period,a days, mean ± SD 
[median]

1,045.9 ± 590.2 
[1,096]

824.7 ± 550.6  
[731]

672.1 ± 499.6 
[578]

607.1 ± 461.0 
[512]

Demographicsb

Age, years, mean ± SD [median] 73.7 ± 6.6 [72] 82.0 ± 6.5 [84] 83.8 ± 5.8 [86] 84.7 ± 5.3 [87]

Female, n (%) 42,820 (59.1) 12,178 (67.2) 1,565 (68.5) 1,231 (71.7)

Region, n (%)
South 29,902 (41.3) 6,453 (35.6) 849 (37.2) 612 (35.7)

Midwest 14,865 (20.5) 4,103 (22.6) 552 (24.2) 362 (21.1)

Northeast 11,048 (15.2) 3,620 (20.0) 347 (15.2) 388 (22.6)
West 16,545 (22.8) 3,925 (21.7) 534 (23.4) 351 (20.5)

Unknown 116 (0.2) 18 (0.1) 2 (0.1) 3 (0.2)

Race, n (%)
White 49,729 (68.6) 14,132 (78.0) 1,839 (80.5) 1,404 (81.8)

Hispanic 7,650 (10.6) 1,159 (6.4) 129 (5.6) 76 (4.4)

Black 7,758 (10.7) 981 (5.4) 117 (5.1) 91 (5.3)
Asian 2,646 (3.7) 351 (1.9) 30 (1.3) 20 (1.2)

Unknown 4,693 (6.5) 1,496 (8.3) 169 (7.4) 125 (7.3)

Quan-CCIc,d mean ± SD [median] 1.25 ± 1.75 [1] 1.86 ± 1.98 [1] 2.20 ± 2.10 [2] 2.55 ± 2.26 [2]
Ophthalmic-related comorbidities,c n (%)

Hyperlipidemia 48,998 (67.6) 12,357 (68.2) 1,616 (70.7) 1,190 (69.3)

Osteoarthritis 20,108 (27.7) 6,545 (36.1) 967 (42.3) 759 (44.2)
Unstable angina 14,427 (19.9) 6,107 (33.7) 920 (40.3) 793 (46.2)

Elixhauser comorbidities,c,e n (%)
Hypertension 50,704 (70.0) 14,718 (81.2) 1,918 (83.9) 1,501 (87.5)
Hypothyroidism 15,176 (20.9) 5,499 (30.3) 721 (31.6) 612 (35.7)

Cardiac arrhythmias 14,259 (19.7) 6,085 (33.6) 916 (40.1) 788 (45.9)

Peripheral vascular disorders 12,100 (16.7) 5,335 (29.4) 831 (36.4) 685 (39.9)
Diabetes 23,474 (32.4) 5,379 (29.7) 717 (31.4) 582 (33.9)

Injurious falls,c,f mean ± SD [median]
Overall 0.10 ± 1.19 [0] 0.28 ± 2.19 [0] 0.51 ± 2.88 [0] 0.57 ± 2.35 [0]

Fractures 0.07 ± 1.08 [0] 0.21 ± 2.01 [0] 0.38 ± 2.22 [0] 0.43 ± 2.21 [0]

Joint dislocations 0.01 ± 0.35 [0] 0.02 ± 0.58 [0] 0.02 ± 0.33 [0] 0.04 ± 0.45 [0]

Head injuries 0.03 ± 0.54 [0] 0.09 ± 0.85 [0] 0.19 ± 1.88 [0] 0.21 ± 1.05 [0]
Frailty index,c,g mean ± SD [median] 0.11 ± 0.49 [0] 0.41 ± 0.59 [0] 0.51 ± 0.57 [0] 0.63 ± 0.60 [0]

All-cause HRU,c mean ± SD
Hospitalizations 0.18 ± 0.58 [0] 0.29 ± 0.70 [0] 0.43 ± 0.85 [0] 0.59 ± 0.96 [0]

Length of stay, days 1.6 ± 11.7 [0] 3.8 ± 24.4 [0] 4.6 ± 14.6 [0] 7.2 ± 21.6 [0]

ER visits 0.38 ± 1.64 [0] 0.51 ± 1.63 [0] 0.80 ± 1.73 [0] 0.90 ± 1.44 [0]
OP visits 15.43 ± 15.65 [11] 19.83 ± 16.41 [16] 22.46 ± 16.95 [18] 21.09 ± 18.45 [17]

Other visits 3.35 ± 12.77 [0] 8.74 ± 20.61 [1] 11.12 ± 21.33 [1] 15.23 ± 27.19 [4]

All-cause healthcare costs,c,h US$ 2021,  
mean ± SD

Total healthcare costs (medical + pharmacy) $20,684 ± 49,162 $26,560 ± 45,676 $36,127 ± 53,699 $42,954 ± 72,710

Medical costs $17,880 ± 47,204 $23,626 ± 43,693 $33,094 ± 52,607 $39,692 ± 71,585
Hospitalization costs $6,445 ± 28,750 $9,050 ± 29,180 $14,182 ± 34,185 $19,269 ± 39,393

(Continued)
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(35.6–37.2%). Patients in the no GA cohort were 73.7 years of age on average, 59.1% female, and 41.3% were from the 
South.

The top two Elixhauser comorbidities in the three GA cohorts were hypertension (81.2–87.5%) and cardiac 
arrhythmia (33.6–45.9%), followed by hypothyroidism (30.3%) among GA only patients and peripheral vascular 
disorders (36.4% and 39.9%, respectively) among the GA + VI and GA + B cohorts. In the no GA cohort, the top 
three Elixhauser comorbidities were hypertension (70.0%), diabetes (32.4%) and hypothyroidism (20.9%). 
Hyperlipidemia was the most common ophthalmic-related comorbidity across all cohorts (67.6–70.7%), followed by 
osteoarthritis (27.7–44.2%), and unstable angina (19.9–46.2%).

The mean number of injurious falls during the baseline period ranged from 0.28–0.57 across the three GA cohorts and 
was 0.10 in the no GA cohort. Across all cohorts, the mean number of all-cause HRU visits during the 12-month baseline 
period was primarily driven by OP visits (15.43–22.46) and other visits (3.35–15.23). Mean all-cause total healthcare 
costs during the 12-month baseline period ranged from $26,560–$42,954 across the three GA cohorts, driven primarily 
by hospitalization costs and OP visit costs. Patients with no GA had mean all-cause total healthcare costs of $20,684.

After weighting, nearly all patient demographics and clinical characteristics were well balanced between comparator 
cohorts (Supplementary Table 2A−C).

HRU During Follow-Up
Weighted all-cause and ophthalmic condition-related HRU are presented in Figure 1A and 1B, respectively. Patients with 
GA only had more all-cause HRU PPY than those with no GA, including 1.08 (95% CI: 1.03, 1.12) times more 
hospitalizations and OP visits (95% CI: 1.05, 1.10; both P<0.05) as well as 1.14 (95% CI: 1.08, 1.21) times more other 
visits. With the added burden of VI, patients with GA + VI used more all-cause and ophthalmic condition-related 
healthcare resources PPY than those with GA only. Specifically, patients with GA + VI had higher rates of hospitaliza-
tions, ER visits, and other visits than patients with GA only (all P<0.05), with the largest differences observed for 
ophthalmic condition-related ER visits (adjusted RR: 1.71; 95% CI: 1.03, 2.85), hospitalizations (adjusted RR: 1.70; 95% 
CI: 1.32, 2.18), and other visits (adjusted RR: 1.93; 95% CI: 1.47, 2.54). Patients with GA + B had higher rates of all- 
cause and ophthalmic condition-related hospitalizations, ER visits, and other visits PPY than patients with GA only (all 
P<0.05), with 2.88 (95% CI: 2.14, 3.86) times more ophthalmic condition-related hospitalizations, 1.74 (95% CI: 1.14, 
2.66) times more ophthalmic condition-related ER visits, and 2.41 (95% CI: 1.90, 3.05) times more ophthalmic 
condition-related other visits.

Table 1 (Continued). 

Characteristics Unweighted Cohorts

No GA Cohort GA Only Cohort GA + VI Cohort GA + B Cohort

N= 72,476 N= 18,119 N= 2,285 N= 1,716

ER visit costs $1,600 ± 9,250 $2,022 ± 6,265 $3,185 ± 8,486 $4,113 ± 18,997

OP visit costs $8,689 ± 28,095 $10,330 ± 25,713 $12,572 ± 29,614 $12,572 ± 46,117
Other visit costs $1,145 ± 4,286 $2,224 ± 5,226 $3,155 ± 8,744 $3,738 ± 7,959

Pharmacy costs $2,805 ± 9,613 $2,934 ± 9,836 $3,033 ± 8,055 $3,262 ± 7,543

Notes: a The observation period spanned from the index date up to the earliest of the end of continuous eligibility, end of data availability (ie, September 30, 2021), and 
death. b Evaluated on the index date (ie, the first diagnosis of an ophthalmic condition of interest). c Evaluated during the 12-month baseline period. d Reference: Quan H, 
Sundararajan V, Halfon P, Fong A, Burnand B., Luthi JC, et al. Coding algorithms for defining comorbidities in ICD-9-CM and ICD-10 administrative data. Medical care, 1130– 
1139. e Reference: Elixhauser A, Steiner C, Kruzikas. D. HCUP Comorbidity Software. Healthcare Cost and Utilization Project (HCUP). October 2015. Agency for 
Healthcare Research and Quality, Rockville, MD. Available from: https://www.hcup-us.ahrq.gov/toolssoftware/comorbidity/comorbidity.jsp. f Injurious falls outcomes were 
defined as a medical claim for a fall followed by an injurious event claim within 30 days after the fall. g Reference: Segal JB, Chang HY, Du Y, Walston JD, Carlson MC, 
Varadhan R. Development of a Claims-based Frailty Indicator Anchored to a Well-established Frailty Phenotype. Medical care. 2017;55(7):716–722. h Costs were inflation- 
adjusted to 2021 US dollars using the medical care component of the Consumer Price Index from the US Bureau of Labor Statistics. 
Abbreviations: B: blindness; ER: emergency room; GA: geographic atrophy; HRU: healthcare resource utilization; ICD-9/10-CM: International Classification of Diseases, 
9th/10th Revision, Clinical Modification; OP: outpatient; Quan-CCI: Quan-Charlson comorbidity index; SD: standard deviation; Std. diff.: standardized difference; US: United 
States; VI: visual impairment.
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Injurious Falls During Follow-Up
Weighted all-cause and ophthalmic condition-related injurious falls are presented in Figure 2A and 2B, respectively. 
Although the overall rate of all-cause injurious falls per 100 person-years did not differ meaningfully between patients 
with GA only and those with no GA (P=0.122), patients with GA only had 1.24 (95% CI: 1.05, 1.45) times more all- 

Figure 1 HRU During Follow-Up of GA Subgroups – Weighted Analysisa (A) All-Cause HRU. (B) Ophthalmic Condition-Related HRU. * P<0.05. 
Note: a Cohorts were weighted using the IPTW approach based on the propensity score. Variables used in the propensity score calculation included: age, sex, region, 
race, year of index date, Quan-CCI score, frailty indicator score, and comorbidities (ie, Elixhauser and DSM-V comorbidities, selected ophthalmic-related comorbidities) 
with prevalence ≥5%. Each subgroup analysis included an IPTW calculation independent of the other analyses. 
Abbreviations: B, blindness; CI, confidence interval; DSM-V, Diagnostic and Statistical Manual of Mental Disorders, Fifth Edition; ER, emergency room; GA, geographic 
atrophy; HRU, healthcare resource utilization; IPTW, inverse probability of treatment weighting; Quan-CCI: Quan-Charlson Comorbidity Index; RR, rate ratio; VI, visual 
impairment.
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cause falls with head injuries and 0.67 (95% CI: 0.51, 0.89) times fewer all-cause falls with joint dislocations per 
100 person-years compared to patients with no GA (both P<0.05). The rate of ophthalmic condition-related injurious falls 
per 100 person-years trended higher for patients with GA + VI compared to patients with GA only (adjusted RR: 2.33; 
95% CI: 1.36, 3.98; P=0.002), driven by 6.82 (95% CI: 2.19, 21.27) times more injurious falls with joint dislocations per 
100 person-years (P<0.05).

Figure 2 Injurious Falls During Follow-Up of GA Subgroups – Weighted Analysisa (A) All-Cause Injurious Falls. (B) Ophthalmic Condition-Related Injurious Falls. * P<0.05. 
Note: a Cohorts were weighted using the IPTW approach based on the propensity score. Variables used in the propensity score calculation included: age, sex, region, 
race, year of index date, Quan-CCI score, frailty indicator score, and comorbidities (ie, Elixhauser and DSM-V comorbidities, selected ophthalmic-related comorbidities) 
with prevalence ≥5%. Each subgroup analysis included an IPTW calculation independent of the other analyses. 
Abbreviations: B, blindness; CI, confidence interval; DSM-V, Diagnostic and Statistical Manual of Mental Disorders, Fifth Edition; GA, geographic atrophy; IPTW, inverse 
probability of treatment weighting; Quan-CCI: Quan-Charlson Comorbidity Index; RR, rate ratio; VI, visual impairment.
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Patients with GA + B had higher rates of both all-cause and ophthalmic condition-related injurious falls, with 1.69 
(95% CI: 1.29, 2.23) times more all-cause injurious falls per 100 person-years and 5.94 (95% CI: 3.40, 10.36) times more 
ophthalmic condition-related injurious falls per 100 person-years than patients with GA only (both P<0.05). Differences 
between cohorts were primarily driven by ophthalmic condition-related injurious falls involving joint dislocations 
(adjusted RR: 21.51; 95% CI: 4.30, 107.53) and fractures (adjusted RR: 6.21; 95% CI: 3.34, 11.55).

Healthcare Costs During Follow-Up
Weighted all-cause and ophthalmic condition-related healthcare costs are presented in Figure 3. Patients with GA only 
incurred higher annual all-cause total healthcare costs compared to patients with no GA ($26,696 vs $25,524), spending 
an average of $1,171 (95% CI: 204, 2,138) more per year (P=0.018). The difference in all-cause total healthcare costs 
was primarily driven by higher annual OP visit costs ($10,706 vs $9,996; adjusted cost difference: $740; 95% CI: 194, 
1,286; P=0.008).

Compared to patients with GA only, patients with GA + VI incurred higher all-cause total healthcare costs ($35,654 
vs $30,558), spending an average of $5,096 (95% CI: 2,811, 7,381) more per year (P<0.001). The difference in all-cause 
total healthcare costs was primarily driven by annual hospitalization costs ($16,245 vs $12,686), with an adjusted cost 
difference of $3,559 (95% CI: 1,997, 5,121; P<0.001). Moreover, patients with GA + VI incurred higher annual 
ophthalmic condition-related hospitalization costs ($1,241 vs $783; adjusted cost difference: $458; 95% CI: 131, 786) 
and pharmacy costs ($543 vs $393; adjusted cost difference: $151; 95% CI: 14, 287; both P<0.05).

With the additional burden of blindness, patients with GA + B spent an average of $9,952 (95% CI: 6,172, 13,733) 
more per year in all-cause total healthcare costs compared to patients with GA only (P<0.001). The difference in all- 
cause total healthcare costs was primarily driven by annual hospitalization costs ($21,289 vs $12,758), which comprised 
65% (adjusted cost difference: $6,463; 95% CI: 4,267, 8,659) of the adjusted cost difference. Annual all-cause ER visit 
costs (adjusted cost difference: $850; 95% CI: 432, 1,269) and other visit costs (adjusted cost difference: $904; 95% CI: 
595, 1,213) were also higher in patients with GA + B compared to patients with GA only (P<0.001). Ophthalmic 
condition-related medical costs were higher in patients with GA + B compared to patients with GA only, spending an 
additional $897 (95% CI: 98, 1,696) per year. Annual ophthalmic condition-related hospitalization (adjusted cost 
difference: $1,341; 95% CI: 822, 1,861) and pharmacy costs (adjusted cost difference: $306; 95% CI: 165, 447) drove 
this cost difference (both P<0.001). Ophthalmic condition-related OP visit costs were lower in patients with GA + B than 
those with GA only, spending $610 (95% CI: –932, –289) less per year (P<0.001).

Discussion
Although the progression of GA to irreversible loss of vision and its significant impairment on quality of life are well 
understood,4,21 evidence on the clinical and economic impact of GA is limited. In this real-world study, we evaluated 
HRU, injurious falls, and healthcare costs associated with GA among elderly patients enrolled in Medicare Advantage 
plans in the US. Our findings suggest that, compared to patients without GA, patients with GA only used more healthcare 
resources, had more falls associated with head injuries, and incurred higher healthcare costs. Progression to VI and 
blindness was associated with a more pronounced burden, as evidenced by higher rates of HRU and ophthalmic-related 
injurious falls, as well as higher healthcare costs in patients with GA + VI or GA + B than in patients with GA only. 
Altogether, GA is associated with substantial clinical and economic burden that grows incrementally as the disease 
advances.

These results add to existing evidence on the healthcare burden associated with GA.9,10,19 In a retrospective analysis 
using administrative claims data, mean all-cause total healthcare costs were $11,672 in 2020 US dollars for patients with 
incident GA during the first year following diagnosis.19 Although not directly comparable, mean all-cause total 
healthcare costs in the present study ranged from $26,696–$44,256 PPPY among patients with incident or prevalent 
GA, highlighting the economic consequences associated with long-term GA management. Moreover, in a cross-sectional 
cohort study of patients with GA residing outside of the US, average ophthalmic condition-related healthcare costs were 
$2,115 PPPY.10 This value is lower than the ophthalmic condition-related healthcare costs observed in US patients in the 
current analysis (GA + VI: $6,420; GA + B: $6,868), though these differences may be driven by both the inclusion of 
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Figure 3 Healthcare Costs During Follow-Up of GA Subgroups – Weighted Analysisa (A) All-Cause Healthcare Costs. (B) Ophthalmic Condition-Related Healthcare Costs. 
Note: a Cohorts were weighted using the IPTW approach based on the propensity score. Variables used in the propensity score calculation included: age, sex, region, 
race, year of index date, Quan-CCI score, frailty indicator score, and comorbidities (ie, Elixhauser and DSM-V comorbidities, selected ophthalmic-related comorbidities) 
with prevalence ≥5%. Each subgroup analysis included an IPTW calculation independent of the other analyses. 
Abbreviations: B, blindness; CI, confidence interval; DSM-V, Diagnostic and Statistical Manual of Mental Disorders, Fifth Edition; ER, emergency room; GA, geographic atrophy; IPTW, 
inverse probability of treatment weighting; OP, outpatient; PPPY, per-person-per-year; Quan-CCI. Quan-Charlson Comorbidity Index; US, United States; VI, visual impairment.
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patients with more advanced GA in the present study, as well as the use of country-specific unit cost estimates in the 
previous analysis.

Prior research has identified an increased risk of hip fractures among both Medicare patients with GA9 and patients 
with unilateral GA without subfoveal involvement22 compared to either patients without AMD9 or patients with early/ 
intermediate AMD, respectively. In the present study, the increased rate of all-cause injurious falls with fractures among 
patients with GA only versus no GA did not attain statistical significance. Nevertheless, the trends observed are similar to 
prior literature and shed light on the substantial resource use and costs incurred by patients with GA.

Evidence on the economic impact of GA progression to VI or blindness on the healthcare system and payers is 
limited. Existing literature evaluating the economic burden associated with increasing levels of GA severity and laterality 
report varied results.18,19, In this study, the increased HRU and costs observed among patients with GA and VI or 
blindness relative to those with GA only indicate an increasing burden associated with the advancement of GA. 
Moreover, although not directly compared, the numerically higher rates of HRU, rates of injurious falls, and healthcare 
costs observed among patients with GA + B relative to those with GA + VI highlight an incremental burden associated 
with the progression of GA with VI to GA with blindness.

Together, these findings signal an important need to delay the onset of VI and blindness among patients with GA, 
potentially through new and improved treatment options that can help alleviate the sizable burden on patients and 
caregivers, as well as on the healthcare system and its payers. Historically, the lack of approved medications for the 
treatment of GA posed a considerable challenge for patient care, given the debilitating nature of this disease.8 Given the 
evolving treatment landscape, the present real-world findings may help key stakeholders address the unmet needs of 
patients with GA and inform future cost/benefit analyses of novel treatments, given the potential burden associated with 
administration or complications of novel GA treatments.

The present study was subject to certain limitations. First, only injurious falls that required medical care were 
accounted for in the study. Other types of fall-related injuries, such as soft tissue injuries or hematomas, may be under- 
detected or under-recorded in billing claims. In addition, medical claims with injurious events occurring within 30 days 
of a fall were assumed to be related to the same event. As such, the rate of injurious falls may be overestimated. Second, 
ophthalmic condition-related HRU, injurious falls, and healthcare costs reported in this study included, but were not 
limited to, healthcare services for GA. As such, HRU, injurious falls, and healthcare costs associated with GA 
specifically may be lower. Third, as this study was observational in nature, confounding adjustments could only account 
for factors that were observable and recorded in the database. Thus, residual confounding may remain. Fourth, the study 
population and endpoints were identified using administrative claims data, which contain information on diagnoses and 
procedures for reimbursement purposes. As such, there is the potential for misclassification of patients with GA as well 
as uncertainty in the estimation of endpoints due to misspecification of diagnosis, procedure, or drug codes. Additionally, 
assessment of unilateral versus bilateral visual loss and assessment of GA severity, including proximity to the fovea and 
size of the area affected, was not available due to the confines of diagnostic coding. Fifth, this study evaluated multiple 
endpoints, which may have resulted in potential inflation of the type I error rate. As no adjustment for multiplicity was 
conducted for this study, results should be considered exploratory. Finally, given that the study population consisted of 
Medicare Advantage-insured patients in the US, the present study findings may not be generalizable to the broader 
population of patients with GA.

Despite these limitations, this study has several key strengths. This study helps fill gaps in the literature related to the 
real-world clinical and economic burden associated with the progression of GA to VI and blindness in an elderly US 
population, which is particularly relevant given the projected increase in incidence with the aging population. Further, the 
Optum CDM database used in this study is geographically diverse and representative of the national Medicare Advantage 
population in the US, allowing for the study results to be generalizable to this real-world population.

The results of this real-world study indicate that patients with GA experience large disease burden, including high 
rates of HRU and injurious falls, along with higher average healthcare costs compared to patients without GA. This 
burden is further increased by progression to VI or blindness. These findings suggest that initiating treatments aimed at 
slowing GA progression early in the disease course could reduce the healthcare burden associated with the development 
of GA into VI and blindness. Future studies could provide additional insight by investigating the incidence of VI, 
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blindness, and injurious falls among patients with GA compared to patients with no GA to further delineate the clinical 
implications of this prevalent ophthalmic condition.
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