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Objective: To estimate the annual cost of inherited retinal diseases (IRDs) in the United 
States of America (US) and Canada from a societal perspective – including costs to the 
health system, individual and family productivity costs, lost wellbeing and other societal 
economic costs – by setting and payer. Findings will inform the need for policy action to 
mitigate the impact of IRDs.
Methods: The costs of IRDs were estimated using a cost-of-illness methodology, based on 
the prevalence of IRDs in each country. Intangible costs of reduced wellbeing were also 
estimated using disability-adjusted life years which were then converted to monetary values 
using the value of a statistical life.
Results: Using base prevalence rates, total costs attributable to IRDs in the US were 
estimated to range between US$13,414.0 and US$31,797.4 million in 2019, comprising 
both economic costs (between US$4,982 and US$11,753.9 million; 37% of total costs) and 
wellbeing costs (between US$8,431.7 and US$20,043.6 million; 63%). Total costs attribu-
table to IRDs in Canada were estimated to range between CAN$1637.8 and CAN 
$6687.5 million in 2019, comprising both economic costs (between CAN$566.6 and CAN 
$2,305.7 million; 34%) and wellbeing costs (between CAN$1,071.4 and CAN$4,381.9 mil-
lion; 66% of total costs).
Conclusion: The impact of IRDs in the US and Canada is substantial when considering both 
economic costs and reduced wellbeing. The wellbeing costs due to IRDs in the US and 
Canada are considerable, accounting for over 60% of total costs. Vision loss from IRDs often 
manifests in childhood, meaning some people live with vision impairment and blindness for 
their whole lives. Further research into current and emerging cost-effective therapies and 
interventions is required given the substantial economic burden faced by those living with 
vision loss.
Keywords: genetic diagnosis, inherited retinal disease, cost-of-illness

Introduction
Inherited retinal diseases (IRDs) are a diverse group of progressive conditions 
characterized by photoreceptor cell death and loss of the retinal pigment epithelium 
(RPE).1 The genetic mutations that cause IRDs impact retina function and, as 
a consequence, can lead to significant vision loss. There are three modes of 
inheritance for IRDs, autosomal dominant, autosomal recessive and X-linked, 
however, there are cases of individuals living with an IRD who do not have 
a family history of the condition.2 The genetic and clinical heterogeneity of IRDs 
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classifies each condition as a rare disease.3 In the United 
States of America (US), a disease is classified as rare if it 
affects one in 1,500 people.4 In Canada, a disease is 
classified as rare if it affects less than one in 2,000.5 

Although there are commonalities in the clinical pathology 
of IRDs, it should be noted that the physical and psycho-
social disability of each condition is highly varied and it 
can be difficult to compare the degree of disability of each 
condition. For example, Usher syndrome does not only 
impact vision loss but also causes deafness, causing pro-
found disrupted sensory function for those with the 
condition.1

For people living with IRDs, the current treatment is to 
manage the condition as there are no effective treatments 
to restore vision. Several therapies are currently in clinical 
development to provide alternative treatment and cure 
options to slow down the disease progression, with some 
clinical trials reporting the success of gene and neuro-
trophic factor therapy. Currently, the most advanced treat-
ment success has been gene augmentation therapy for 
IRDs caused by biallelic mutations in the RPE65 gene, 
which has received approval from the federal health 
agency within the US and Canada.6

People living with a vision impairment often live with 
other comorbidities. There exists literature which suggests 
that individuals living with visual impairment are asso-
ciated with an increased risk of developing mental health 
conditions including depression and anxiety.7 A study with 
community samples found that after adjusting for demo-
graphic factors, the group with reduced vision individuals 
were 1.6–2.8 times more likely to develop depression 
compared to the group with no vision impairment.8 

Further, as IRDs typically manifest during childhood, this 
has lifelong implications for both the child and their 
family. Focus group discussion with parents of children 
with vision impairment revealed that the most common 
concerns included frustrations around the lack of cure for 
their child’s ocular condition, and psychosocial problems 
faced by family members who were worried that their 
child was being teased by other children.9 These findings 
indicate that vision impairment does not only have 
a physical impact but also has a wider non-clinical impact 
on the mental health and wellbeing of those living with 
a visual impairment and their families.

The lack of consistent data and the underdiagnosis and 
misdiagnosis of IRDs highlights the opportunity to iden-
tify and describe the burden and impact of IRDs. These 
important measures will inform health policy and planning 

and ensure funding and programs are available to improve 
the development of emerging interventions for people liv-
ing with IRDs.

There is currently a lack of similar studies that estimate 
the prevalence and economic impact of IRDs. This is 
largely driven by inconsistent data collection leading to 
large data gaps in the literature. A cost-of-illness study 
conducted in the United Kingdom (UK) and Republic of 
Ireland (RoI) has estimated the prevalence and socioeco-
nomic impact of IRDs in 2019.10,11 The overall prevalence 
of IRDs was estimated to be 0.03% - 0.05% which repre-
sented 20,814–35,126 cases in the UK and 1,522–2,569 
cases in RoI in 2019. Using the lower band estimates, the 
study found the total cost due to IRDs in the UK to be US 
$765.1 million in 2019, comprising both economic costs 
(US$478.4 million; 62.5%) and wellbeing costs (US 
$286.7 million; 37.5%).10,11 In RoI, the total cost attribu-
ted to IRDs was estimated to be US$61.3 million in 2019, 
comprising both economic (US$41.5 million; 67.7%) and 
wellbeing costs (US$ 19.8 million; 32.3%).10,11 Although 
these findings highlight the significant economic and well-
being costs attributed to IRDs in the UK and RoI, their 
applicability to other countries is limited given the lack of 
similar prevalence or economic impact studies in other 
countries. Furthermore, given the difference in healthcare 
systems amongst countries, for example, the UK health-
care system is predominantly a public system compared to 
the US healthcare system which has a larger private sector 
system, the expenditure on health care and subsequently 
which payer bears the costs differ significantly between 
countries. Although neighboring countries, the US and 
Canadian health care system differ considerably, with the 
US healthcare system being primarily privately owned and 
the Canadian health primarily a public healthcare system. 
It is therefore important to estimate country-specific costs 
pertaining to the qualities of each healthcare system.

This study aimed to contribute to the knowledge gaps 
in the literature and presents data from two cost-of-illness 
reports for the US and Canada, which used a targeted 
literature review and primary data (survey) collection 
approach for real-world evidence data generation from 
patients and their caregivers.

Materials and Methods
A cost-of-illness methodology applying a prevalence 
approach was used to estimate the socioeconomic burden 
of IRDs in the US and Canada. This methodology 
involved estimating the number of persons living with an 
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IRD and its attributable cost in 2019. An overview of the 
epidemiological and cost of illness approach is provided in 
the subsections below with a detailed description of the 
methodology found in Tables S1 and S2. The analysis was 
based on a targeted literature review and primary data 
collection (survey). Fourteen IRDs were included in this 
cost-of-illness study including: achromatopsia, Bardet- 
Biedl Syndrome (BBS), best disease, blue cone monochro-
macy (BCM), choroideremia, cone dystrophy, cone-rod 
dystrophy, Leber congenital amaurosis (LCA), Leber’s 
hereditary optic neuropathy (LHON), retinitis pigmentosa 
(RP), rod-cone dystrophy, Stargardt disease, Usher syn-
drome and X-linked retinoschisis (XLRS).

Epidemiological Approach
This study uses a prevalence approach to estimate the 
costs of IRDs in the US and Canada separately, in 2019. 
In the prevalence approach, only the costs incurred in 2019 
are considered.

A lower bound (approach 1) and an upper bound 
(approach 2) were used to derive the prevalence estimates 
for this cost-of-illness modeling in the absence of country- 
specific prevalence estimates for IRDs. Both lower and 
upper bound estimates rely upon an available point pre-
valence estimate (either for a specific condition, or for 
total IRDs) which was sourced from the literature and 
then used to derive the relative prevalence of the remain-
ing IRDs. The prevalence of IRDs in the US and Canada 
was then distributed by age and sex.

Cost Approach
Costs were categorized into groups, including costs to the 
health system, individual productivity losses, other costs 
and wellbeing costs. Each cost category was disaggregated 
by payer type. The cost estimate is the first round of 
societal impacts only.

Health System Costs
Costs to the health system include primary and secondary 
care, diagnostic tests, pharmaceuticals, vitamins and sup-
plements, and medical research. In the US, health system 
costs are largely borne by private health insurers; however, 
sub-groups of the population may have their costs covered 
by federal programs, such as Medicare and Medicaid, or 
pay out-of-pocket payments.12 In Canada, the primary 
source of payment is financed through provincial govern-
ments followed by federal funding.13 International litera-
ture on the economic cost of IRDS is scarce, but there does 

exist literature in Canada on estimating the cost of vision 
loss.14 Health services utilization data was sourced from 
country-specific survey results and unit costs were 
obtained from country-specific reference prices including 
the Canadian National Institute of the Blind (CNIB).15

The disaggregation of health system costs by payer in 
Canada was obtained from published material from the 
Canadian Institute for Health Information. In the US, the 
disaggregation of health system costs by payer was 
obtained from the Agency for Healthcare Research and 
Quality16 for hospitalization costs and the Centers for 
Medicare and Medicaid Services17 for non-hospital costs. 
Both sources publish an estimated share of health system 
costs borne by government, private health insurance, 
patients (that is out-of-pocket costs) and others.

Productivity Costs
Factors which affect a patients’ ability to participate fully in 
the workforce include higher absenteeism, lower employ-
ment, premature death and premature retirement.18 Persons 
living with an IRD may face productivity losses in terms of 
lost productive time and reduced workforce participation. 
A human capital approach, calculating the difference in 
employment rate between persons living with an IRD and 
the general population, was adopted to estimate the produc-
tivity losses attributable to IRDs.

Other Costs
Costs for aids and modifications, informal and formal care, 
travel, education, and deadweight losses of taxation pay-
ments were captured in other costs. Where possible, coun-
try-specific survey results were used to inform this section 
supplemented with reference costs and other data obtained 
from grey literature.

Loss of Wellbeing
A non-financial approach detailed in the World Health 
Organization (WHO) burden of disease methodology, 
measuring disability adjusted life years (DALYs), was 
used to estimate the loss of wellbeing.19 DALYs are 
calculated by assigning disability weights to various 
health states, where a weight between zero and one 
reflects the quality of life that is lost due to 
a particular condition. A disability weight, obtained 
from the IHME’s Global Burden of Disease Study 
2017, was applied to the prevalence of IRDs in the US 
and Canada and discounted at a rate of 3% consistent 
with WHO methodology.15
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Data Collection Methods
Targeted Literature Review
A targeted literature review of publicly available databases 
including PubMed and Cochrane Library was conducted to 
identify the most relevant inputs for this report. In the 
absence of appropriate scientific literature to inform the 
inputs of the modeling, additional ad-hoc searches were 
performed.

Survey Data Collection and Analysis
Persons living with an IRD and/or the parent of children 
(under 18) living with an IRD in Canada or the US were 
invited to self-register their interest in completing the 
survey via an online registration form. The survey was 
intended to address any data gaps identified in the targeted 
literature review and collect health service utilization data 
and productivity impacts of persons living with an IRD 
and the parents of children (under 18) living with an IRD. 
Ethical and patient consent procedures complied with 
relevant data protection, ethical and compliance 
obligations.

Results
A total of 838 responses were received from persons with 
an IRD or the parents of children (under 18) living with an 

IRD. Of the 838 survey responses, approximately 20% 
(n=151) were received from Canada and 80% (n=687) 
were received from the US.

Prevalence
In 2019, the lower and upper bound estimate for the 14 
IRDs was estimated to range between 184,048 and 
437,511 prevalent cases (0.056% to 0.133%) in the US; 
and between 20,947 and 85,672 prevalent cases (0.056% 
to 0.228%) in Canada (Table 1).

Total Costs
Total costs attributable to IRDs in Canada were estimated 
to range between CAN$1,637.8 to CAN$6,687.5 million 
in 2019. Wellbeing costs make up the majority of costs 
(between CAN$1,071.4 to CAN$4,381.9 million; 66%), 
followed by economic costs (between CAN$566.6 to 
CAN$2,305.7 million; 34%). The greatest proportion of 
total costs was incurred by rod-cone dystrophy (between 
CAN$459.1 to CAN$1,874.4 million; 28.0%), followed by 
RP (between CAN$452.5 to CAN$1,847.5 million, 
27.6%), Stargardt disease (between CAN$322.6 to CAN 
$1,317.3 million, 19.7%) and cone-rod dystrophy 
(between CAN$102.3 to CAN$417.6 million, 6.2%). The 

Table 1 Prevalence Case of People Living with IRDs in the US and Canada

Region US Canada

IRD Cases (Lower) Cases (Upper) Cases (Lower) Cases (Upper)

Rod-cone dystrophy 51,325 122,007 5,841 23,891

RP 50,991 121,213 5,803 23,736

Autosomal dominant RP 15,970 37,962 1,818 7,347
Autosomal recessive RP 23,534 55,945 2,679 9,607

X-linked RP 11,487 27,306 1,307 6,782

Stargardt disease 36,578 86,951 4,163 17,027

Cone-rod dystrophy 11,436 27,185 1,302 5,323

Choroideremia 6,573 15,625 748 3,060
Best Disease 6,101 14,504 694 2,840

Usher syndrome 5,129 12,191 584 2,387

XLRS 5,070 12,051 577 2,360
LCA 2,895 6,881 329 1,347

Cone dystrophy 2,728 6,484 310 1,270

BCM 1,910 4,540 217 889
BBS 1,280 3,044 146 596

LHON 1,150 2,733 131 535

Achromatopsia 884 2,102 101 412

Total 184,048 437,511 20,947 85,672
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cost breakdown by IRD in Canada can be located in 
Table 2.

In Canada, the greatest share of total costs was attrib-
uted to loss of wellbeing (between CAN$1107.4 to 
$4,381.9 million, 65.4%), followed by productivity losses 
(between CAN$219.0 to $895.5 million, 13.4%), informal 
caregiver costs (between CAN$162.0 to CAN$1,063.3 mil-
lion, 9.9%), other costs (between CAN$109.4 to CAN 
$447.4 million, 6.7%), deadweight losses (between CAN 
$38.3 to CAN$155.7 million, 2.3%) and health system 
costs (between CAN$37.8 to CAN$144.3 million, 2.3%). 
The cost breakdown by cost type in Canada can be located 
in Table 3 and Figure 1A. These costs indicate that IRDs 
not only impose an economic cost but are also associated 

with substantial wellbeing costs due to the long-term pain 
and suffering faced by persons living with an IRD.

Total costs attributable to IRDs in the US were esti-
mated to range between US$13,414.0 and US 
$31,797.4 million in 2019. Wellbeing costs make up the 
majority of costs (between US$8,431.7 and US 
$20,043.6 million; 63%), followed by economic costs 
(between US$4,982.2 and US$11,753.9 million; 37.0%). 
The greatest proportion of total costs was incurred by rod- 
cone dystrophy (between US$3,754.9 and US$8,900.9 mil-
lion); 28.0%, followed by RP (between US$3,708.4 and 
US$8,790.6 million, 27.6%), Stargardt disease (between 
US$2,648.3 and US$6,277.5 million, 19.7%) and cone-rod 
dystrophy (between US$836.7 and US$1,983.3 million, 

Table 2 Estimated Total Cost and Proportion (%) of Total Cost in the US and Canada by IRD

Region US Canada

IRD Costs (Lower)  
US$ mil (%)

Costs (Upper) 
US$ mil (%)

Costs (Lower) 
CAN$ mil (%)

Costs (Upper) 
CAN$ mil (%)

RP 3,708 (27.6) 8,791 (27.6) 452 (28.0) 1,847 (28.0)
Rod-cone dystrophy 3,755 (28.0) 8,901 (28.0) 459 (27.6) 1,874 (27.6)

Stargardt disease 2,648 (19.7) 6,278 (19.7) 323 (19.7) 1,317 (19.7)

Cone-rod dystrophy 837 (6.2) 1,983 (6.2) 102 (6.2) 418 (6.2)
Choroideremia 484 (3.6) 1,148 (3.6) 59 (3.6) 242 (3.6)

Best Disease 443 (3.3) 1,049 (3.3) 54 (3.3) 220 (3.3)

Usher syndrome 371 (2.8) 880 (2.8) 45 (2.8) 185 (2.8)
XLRS 376 (2.8) 890 (2.8) 46 (2.8) 188 (2.8)

LCA 210 (1.6) 498 (1.6) 26 (1.6) 105 (1.6)

Cone dystrophy 200 (1.5) 473 (1.5) 24 (1.5) 100 (1.5)
BCM 141 (1.1) 335 (1.1) 17 (1.1) 71 (1.1)

BBS 92 (0.7) 219 (0.7) 11 (0.7) 46 (0.7)

LHON 84 (0.6) 200 (0.6) 10 (0.6) 42 (0.5)
Achromatopsia 64 (0.5) 152 (0.5) 8 (0.5) 32 (0.5)

Total 13,414 (100.0) 31,797 (100.0) 1,638 (100.0) 6,688 (100.0)

Table 3 Estimated Total Cost and Proportion of Total Cost in the US and Canada by Cost Component

Region US Canada

Cost type Lower 
US$ mil (%)

Upper 
US$ mil (%)

Lower 
CAN$ mil (%)

Upper 
CAN$ mil (%)

Health system costs 963.8 (7) 2,216.8 (7) 37.8 (2) 144.3 (2)

Productivity costs 1,854.9 (14) 4,409.3 (14) 219.0 (13) 895.5 (13)
Caregiver costs 1,077.0 (8) 2,560.1 (8) 162.0 (10) 662.7 (10)

Other costs 380.6 (3) 904.8 (3) 109.4 (7) 447.4 (7)

Deadweight loss 706.0 (5) 1,662.9 (5) 38.3 (2) 155.7 (2)
Loss of wellbeing 8,431.7 (63) 20,043.6 (63) 1,071.4 (65) 4,381.9 (65)

Total costs 13,414.0 (100) 31,797.4 (100) 1,637.8 (100) 6,687.5 (100)

Total financial costs 4,982.2 (17) 11,753.9 (17) 566.5 (35) 2,305.7 (35)
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6.2%). The cost breakdown by IRD in the US can be 
located in Table 2.

Similar to Canada, the greatest share of total costs was 
attributed to loss of wellbeing (between US$8,431.7 and 
$20,043.6 million; 62.9%), followed by productivity losses 
(between US$1,854.9 and US$4,409.3, 13.8%), informal 
care (between US$1077.0 and US$2,560.1 million, 8.0%), 
health system costs (between US$963.8 and US 
$2,216.8 million, 7.2%), deadweight loss (between US 
$706.0 and US$1,662.9 million, 5.3%) and other costs 
(between US$308.6 and US$904.8 million, 2.8%). The 
cost breakdown by cost type in the US can be located in 
Table 3 and Figure 1B.

Financial Costs of IRDs
Health System Costs
In the US, health system costs attributed to IRDs were 
estimated to range between US$963.8 to US$2,216.8 million 
in 2019. Pharmaceutical costs were the most costly compo-
nent, comprising of 50.5% of total health system costs 
(between US$487.0 and US$1,157.6 million), followed by 
primary health care (between US$249.9 and US$594.1 mil-
lion; 25.9%). The least costly component of the health sys-
tem was accounted for by vitamins and supplements, totaling 
between US$2.8 and US$6.7 million (0.3%).

In Canada, health system costs attributed to IRDs were 
estimated to range between CAN$37.8 and CAN 
$144.3 million in 2019. Primary health care was the 
most costly component, comprising of 59.5% of total 

health system costs (between CAN$22.5 and CAN 
$92.1 million), followed by diagnostic tests (between 
CAN$7.3 and CAN$29.9 million; 19.3%). The least costly 
component of the health system was accounted for by 
pharmaceuticals and medical research (lower and upper 
bound, respectively,), totaling CAN$1.0 (2.6%) and CAN 
$2.0 million (1.4%) respectively.

Productivity Costs
In the US, the productivity losses associated with IRDs 
were estimated to range between US$1,706.2 and US 
$4,056.0 million in 2019. Reduced workforce participation 
comprised the largest share of productivity losses (between 
US$1,515.8 and US$3,603.3 million; 88.8%), followed by 
absenteeism (between US$177.4 and US$421.7 million; 
10.4%) and presenteeism (between US$13.1 and US 
$31.1 million; 0.8%).

In Canada, the productivity losses associated with 
IRDs were estimated to range between CAN$205.2 and 
CAN$839.2 million in 2019. Reduced workforce partici-
pant comprised the largest share of productivity losses 
(between CAN$148.7 and CAN$608.1 million; 72.5%), 
followed by absenteeism (between CAN$49.9 and CAN 
$204.2 million; 24.3%) and presenteeism (between CAN 
$6.6 and CAN$27.0 million; 3.2%).

Other Costs
In the US, total other costs attributed to IRDs were estimated 
to range between US$2163.6 and US$5127.7 million in 2019. 

66%

13%

10%

7%
2% 2%

A Canada

63%

14%

8%

7%

5%
3%

B US 

Loss of wellbeing

Productivity losses

Informal care

Other costs

Deadweight losses

Health system costs

Figure 1 Proportion (%) of total costs of IRDs in Canada (A) and the US (B) by cost type in 2019.
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The largest share of other costs were accounted for by infor-
mal care (between US$1,065.0 and US$2,531.8 million; 
49.2%), followed by deadweight loss (between US$706.0 
and US$1,662.9 million, 32.6%) and aids and modifications 
(between US$380.6 and $904.8 million, US17.6%). Families 
borne the largest component of other costs (39%), followed 
by society (33%) and individuals (12%).

In Canada, total other costs attributed to IRDs in Canada 
were estimated to range between CAN$309.8 and CAN 
$1265.9 million in 2019. The largest share of other costs 
were accounted for by informal care (between CAN$129.5 
and CAN$529.5 million; 41.8%), followed by aids and mod-
ifications (between CAN$109.4 and CAN$447.4 million, 
35.5%), deadweight losses (between CAN$38.3 and CAN 
$155.7 million, 12.4%), formal care (CAN$16.4 to CAN 
$67.3 million, 5.3%) and residential care costs (between 
CAN$16.1 and CAN$66.0 million, 5.2%). Families borne 
the largest component of other costs (37%), followed by 
individuals (34%) government (17%) and society (12%).

Non-Financial Costs of IRDs
Loss of Wellbeing
In the US, the total burden associated with persons living 
with an IRD was estimated to be 28,236 to 67,121 DALYs. 
This results in an overall wellbeing cost estimated to range 
between US$8,431.7 and US$20,043.6 million or US 
$45,813 per person with an IRD.

In Canada, the total burden associated with persons 
living with an IRD was estimated to be 3,205 to 13,108 
DALYs. This results in an overall wellbeing cost estimated 
to range between CAN$1,071.4 and CAN$4,381.9 million 
or CAN$51,147 per person with an IRD.

According to the US survey responses, the majority of 
participants living with an IRD reported their wellbeing 
was negatively impacted due to having an IRD. 
Approximately three-quarters (76.0%) of respondents 
reporting experiencing anxiety, three-fifths (67.1%) report-
ing depression and over one-third (36.5%) reporting social 
isolation. The Canadian survey responses show similar 
trends on wellbeing, with over four-fifths of persons living 
with an IRD reporting experiencing anxiety, three-quarters 
(74.2%) reporting depression and close to half (48.4%) of 
respondents reporting social isolation.

Deadweight Losses
The deadweight loss due to lost taxation revenue or additional 
expenditure on government programs was estimated by 
applying the marginal burden of taxation to the total of lost 

taxation and government expenditures. In Canada and the US, 
the marginal burden was estimated to be 14%20 and 33%, 
respectively.21–24 The total deadweight losses in Canada and 
the US attributed to IRDs were estimated to range between 
CAN$38.3 and CAN$155.7 million and between US$706.0 
and US$1,662.9 million, respectively, in 2019.

Costs by Payer
The economic costs of IRDs in the US and Canada for 
persons living with an IRD and their family members are 
significant. However, costs of IRDs in the US and Canada 
are also borne by other payers, including the government, 
employers and society/other (such as health insurers).

Figure 2A and B illustrate the percentage of cost by payer 
in Canada and in the US respectively. In Canada, the greatest 
share of total costs was borne by individuals (80.0%), fol-
lowed by government (7.5%), family/friends (7.0%), employ-
ers (2.9%), and society/other (2.7%). In Canada, some low 
vision aids can be accessed for free through provincial assis-
tive device programs25 and charitable organizations, such as 
guide dog charities.26 In the US, the greatest share of total 
costs was borne by individuals (74.7%), followed by govern-
ment (9.6%), family/friends (6.4%), society/other (5.4%), 
private health insurer (2.1%) and employers (1.7%).

Discussion
This study shows the substantial economic and wellbeing 
costs of IRDs in the US and Canada in 2019 – which may 
well yet to be an under-estimation. Our findings highlight 
that persons living with an IRD incur significant economic 
costs and face a lower quality of life. The highest cost 
attributed to IRDs is related to wellbeing costs, at 66% and 
63% in Canada and the US respectively. This highlights 
the significant burden IRDs have on the quality of life 
from initial diagnosis in early childhood and into adult-
hood. The prevalence estimates of IRDs in the US reported 
in this study are similar to those found in the literature, 
where approximately 200,000–300,000 people were 
affected by an IRD in the US.27 The wellbeing cost per 
person with IRDs was estimated to be US$45,813 in the 
US and CAN$51,147 in Canada in 2019. These costs are 
higher than those previously found in the literature, where 
the value of lost wellbeing as a result of vision loss was 
valued at $33,704 per person per annum in 2007.12 

However, this is not surprising given that IRDs are 
a subset of visual impairment and due to their rarity, 
people living with IRDs have limited treatments to slow 
down the progression of vision loss.
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One of the findings from this study, further supported 
by existing literature, is the relative lack of awareness of – 
and consequently, investment in – IRDs and their cost to 
society. The IRD community – both patients and care-
giver – report frustration with a lack of awareness of 
their, and their dependents’, condition, with 63.6% in the 
US and 75.7% in Canada agreeing or strongly agreeing 
with this sentiment. Furthermore, despite their high costs 
to society, IRDs receive proportionally less research 
investment than other non-fatal diseases. In the US in 
2019, Parkinson’s disease has costed the economy US 
$53.8 billion, attracting US$224 million in research 
funding.28 By contrast, IRDs cost the US economy 
between US$13.4 billion and $31.8 billion, but only 
received US$11 million of research funding; a small pro-
portion of funding compared to the $985 million dedicated 
towards vision research in 2019.29 This implies 
Parkinson’s research was funded between 4 and 14 times 
as much per dollar of cost to society than research into 
IRDs.

In Canada, arthritis receives considerable research 
funding, totaling $206 million over a period of 5 years.30 

Though it should be noted that the prevalence of arthritis is 
much higher than IRDs in Canada, affecting 1 in 5 persons, 
research funding into this area means those living with 
arthritis can manage and treat their condition and live 
a reasonably comfortable life.31 Evidently, IRDs are sig-
nificantly underfunded as an area of research – increasing 

awareness of them as a condition would increase govern-
ment and research bodies’ commitment to funding 
research and alleviate some of the significant costs to 
society they impose. Furthermore, given the high cost of 
wellbeing of IRDs and the limited number of interventions 
to slow the progression of vision loss, there is an urgent 
need to focus on reducing the burden of disease on the 
wellbeing and quality of life of those living with IRDs as 
well as their family and friends.

It should be noted that the financial cost of rare 
conditions varies considerably depending on the impact 
of the condition on the individual’s day-to-day living. 
Juvenile Idiopathic Arthritis (JIA) is a rare type of 
arthritis that occurs in children and affects 1 in 1,000 
children.32 A cost study based in Nova Scotia Canada 
found that the annual median direct medical cost per JIA 
patient was CAN$619.5 in 2009 (CAN$736.1 in 2019 
dollars).33 This is in comparison to the average health 
system cost borne by each IRD patient in Canada, which 
this study estimated was between CAN$1,684 to $1,802. 
Although it should be noted that the cost studies capture 
different cost types, the comparison of these two rare 
illnesses highlights the impact of the financial burden on 
patients living with a rare illness, and the significant 
costs incurred by those living with a rare condition.

IRD patients and caregivers can be frustrated by a lack of 
awareness in the community of their conditions. Therefore, 
it is important to build strong awareness of IRDs across the 
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Figure 2 Proportion (%) of total costs of IRDs in Canada (A) and the US (B) by payer in 2019.
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ophthalmic and healthcare settings, to ensure health profes-
sionals are equipped with the knowledge to best inform and 
support their IRD patients. As a first step, this may be 
targeting a cohort of professionals, such as retinal specialists 
or ophthalmologists, who can perform a range of tasks from 
test selection, interpretation of test results, initiation of 
genetic testing, and directing patients and families to addi-
tional information and support services.34

The wellbeing status of survey participants in the US 
and Canada critically highlights the significant and 
ongoing negative impacts experienced by persons living 
with an IRD. Approximately three in four persons living 
with an IRD in the US and over four in five persons living 
with an IRD in Canada reported experiencing anxiety. It is 
important to note that these findings, amongst the others 
described, relate to a period prior to the COVID-19 pan-
demic. As the pandemic has been a major disruption to 
people’s lives, it is expected that individuals are experien-
cing heightened negative feelings. A recent report pub-
lished by the Canadian Council of the Blind found over 
50% of survey respondents in the vision loss community 
said they were concerned that the additional stress from 
the pandemic crisis may cause them to feel 
overwhelmed.35 Further, 40% of respondents said they 
were experiencing more than moderate stress due to the 
impacts of the COVID-19 pandemic. Since people with 
IRDs are particularly likely to have severe vision loss and 
blindness compared to those surveyed, it is likely they 
experience even more substantial impacts as a result of 
the disruption caused by the pandemic. These impacts may 
continue to affect the lives of those living with an IRD for 
years to come and at least until the pandemic is under 
control.

Although IRDs are a heterogenic and complex group of 
conditions, they are also actionable conditions. For 
patients to make informed decisions regarding their con-
dition requires the support from health and policy makers 
at the national and regional levels. This means ensuring 
individuals living with an IRD and their family have 
equitable access to genetic testing, which is integral in 
making critical life decisions, developing a holistic care 
plan, and access to appropriate clinical trials and emerging 
therapies. Patients know that the quality and availability of 
genetic testing and subsequent care can vary significantly, 
and as a result, the wellbeing of patient and family, and the 
financial costs incurred, can be influenced significantly by 
the availability of high-quality testing, genetic counseling, 
and considered care from medical professionals.

The costs of disease are borne by different payers in 
society. Understanding the distinction of these costs will 
help make informed decisions regarding interventions and 
policy decisions. While the findings of this study show that 
persons living with an IRD borne the majority of the cost, 
family members and other parts of society also borne con-
siderable cost attributable to IRDs. In the US and Canada, 
86% and 90% of the total IRD costs were borne by indivi-
duals affected, their families, friends and society, respectively.

Given the lack of estimating the socioeconomic impact 
of IRDs in the US and Canada, current methods for ther-
apeutic reimbursement assessment do not adequately 
incorporate the impact and cost burden for each payer. 
As this paper provides the most updated cost and burden 
estimates for IRDs in the US and Canada to date, the 
findings can be used to inform decisions to allow the 
promise of genetic, pharmacological, technological and 
regenerative medicine to be realized and transform the 
lives of millions of patients and families worldwide.

Furthermore, appropriate reimbursement assessments 
should be developed for the IRD community. Current 
methods of reimbursement are suitable for populations 
whose conditions necessitate close engagement with the 
health system. For example, the direct health care costs for 
people with stroke and cardiovascular disease represent 
50% and 60% of total associated costs, respectively. 
However, the IRD population does not rely heavily on 
the health care system; health costs only represent 7.2% 
of total costs in the US and 2.3% of total costs in Canada. 
This also reinforces that, as IRD patients do not frequently 
use the health care system, the holistic cost-of-illness 
study outlined in this study is most appropriate for this 
condition.

Considering that the US and Canada currently under-
estimate and underfund investment in IRDs relative to 
their burden on the economy, and that current needs for 
testing and care services are in many cases unmet, there is 
a case for greater investment in these avenues to reduce 
the cost of IRDs to society. This investment should con-
sider the need for reimbursement to individuals and 
families who bear the greatest burden of the cost, due to 
limited availability of treatments, and who do not benefit 
as significantly from compensation through the health 
system as patients of other diseases.

Our study has several limitations, including: (1) the 
limited availability of estimates of population prevalence 
of IRDs, and a lack of data on the prevalence in the US 
and Canada; (2) the discrepancy in definition of different 
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IRDs in the literature; (3) the low overall prevalence of 
IRDs in the US and Canadian population, resulting in 
sensitivity of total cost calculations to prevalence esti-
mates. To counter these limitations, survey data were 
collected to inform some inputs of the model; while survey 
participants were selected using a non-probabilistic con-
venience sampling method, bias may exist as the responses 
skew towards those with access to internet and computer 
technology. In this way, the survey results may not gen-
eralize perfectly to the broader IRD community of the US 
and Canada.

Acknowledging the limitations of the study, from these 
data, some important themes emerge. These include the 
relative lack of awareness of IRDs, and underinvestment 
compared to other diseases; the importance of better 
access to genetic testing and general care for the IRD 
community; and the necessity of more considered methods 
of reimbursement, incorporating the full scope of personal 
and societal costs of IRDs.

Conclusion
In conclusion, this study highlights the significant annual 
cost of IRDs to the US and Canadian society, a cost driven 
by the lack of investment in and awareness of these rare 
conditions. These costs were estimated at minimum to total 
an annual cost of US$13.4 billion in the US and CAN 
$1.6 billion in Canada and may reach as high as US$31.8 bil-
lion in the US and CAN$6.7 billion in Canada. Ongoing 
research funding and the implementation of more considered 
and tailored policy could contribute to reducing the cost 
burden of IRDs on society. This includes providing contin-
ual research funds to identify remaining unknown casual 
genes, ongoing research to develop treatment and therapies, 
improve access to genetic testing and counseling, reasses-
sing and developing policy regarding methods of reimburse-
ment for the IRD and vision loss community with regard to 
care and treatment and ongoing education of all profes-
sionals involved in eye care in identification and manage-
ment pathways for patients living with IRDs.

Further investment in policies to improve the experi-
ence of the medical system for people living with IRDs 
will help to reduce the frustration of the IRD community 
with the lack of available interventions and treatments to 
manage their condition. In addition, appropriate 
approaches to reimbursement should be developed for 
the IRD community that considers the lower rates of 
engagement with the health system and the greater propor-
tion of costs borne by individuals, their families and 

broader society. It is therefore clear that IRD patients and 
their families have a need for greater investment in 
research for their condition; timely equitable access to 
genetic testing and care; and a revision of the reimburse-
ment decision and framework which currently focuses on 
the cost-of-illness of the healthcare system.
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